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Optimal Pulse Durations for the Treatment of Leg
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Background and Objectives: Determine optimal set-
tings using a long pulse 755 nm alexandrite laser in the
treatment of superficial leg veins.
Study Design\Materials and Methods: Fifteen
patients with Fitzpatrick skin types I–III with telangiec-
tasia ranging from 0.2 to 1.0 mm were enrolled. Spot size
varied from 3 to 6 mm. Pulse durations ranged from 3 to
100 milliseconds. For each pulse duration, test sites were
performed to determine threshold radiant exposures using
persistent bluing and/or immediate stenosis (closure) as the
clinical endpoint. Test sites were re-evaluated 21 days
later. Optimal settings, those that resulted in the greatest
clearance with minimal side effects (pain, purpura, epi-
dermal damage, pigment changes), were used to treat a
larger area of like-sized vessels. Follow-up evaluations
were conducted 12 weeks after a single treatment using the
optimal setting. Polarized digital photographs were
obtained at each visit. Improvement was determined by
blinded evaluation of pre/post-treatment photographs.
Results: Fourteen patients completed the study.
Radiant exposure thresholds for immediate vessel changes
depended on vessel diameter, with larger radiant expo-
sures required for smaller spot sizes and smaller vessels.
The average threshold radiant exposure for closure was
89 J/cm2. The optimal pulse duration was 60 milliseconds
for most of the patients. With this pulse width, clearance
approached 65% 12 weeks after a single treatment.
Transient hyperpigmentation occurred in four patients.
Increasing the pulse duration improved epidermal toler-
ance and decreased the likelihood of purpura.
Conclusions: By lengthening the pulsewidth beyond
3 milliseconds, a long pulse alexandrite laser achieves
satisfactory clearance with an improved side effect profile.
Lasers Surg. Med. 41:104–109, 2009.
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Sclerotherapy is the gold standard in treatment of spider
leg veins [1], but laser use has become increasingly
commonplace [2–5]. Part of the increasing use might be
driven by the public’s thirst for high-end technology.
Comparative studies have shown varying responses
between laser and sclerotherapy [1–3], but at least one
study showed superior results with sclerotherapy [2]. Cases

where transcutaneous laser therapy might be preferential
to sclerotherapy include (a) treatments performed by
practitioners who are unfamiliar with sclerotherapy,
(b) treatments in patients who are needle-phobic, (c)
treatment for very small vessels or matting which have
resisted previous sclerotherapy efforts, and (d) treatments
in patients with sclerosant allergies [2].

Visible light lasers have achieved good results in smaller
vessels in light skinned patients, whereas the 1,064 nm
wavelength Nd:YAG laser has proven effective in a large
range of leg vein sizes and skin types (4–7). The long pulsed
755 nm wavelength alexandrite laser is recognized as
effective for hair removal and for the treatment of
epidermal pigmented lesions [8–13]. However, it has not
been commonly used for the treatment of leg veins because
of a high incidence of side effects such as purpura and post-
inflammatory hyperpigmentation. With the exception of
one alexandrite laser study, pulse durations were confined
to 3 milliseconds. Investigators have suggested that this
short pulse width plays a role in the incidence of side
effects [14–17]. No systematic attempts have been made to
establish an optimal pulse duration for vein clearance. The
aim of this study was to determine the optimal radiant
exposure, spot size, and pulse duration for the treatment of
leg veins using a variable pulse width alexandrite laser.

METHODS

Subjects

Fifteen female patients were enrolled in this prospective
study conducted with the approval of the Naval Medical
Center San Diego Institutional Review Board. Ages ranged
from 26 to 82, with a mean of 48 years. The patients varied
from Fitzpatrick skin type I to III with the distribution
being 15.4%, 76.9%, and 7.7%, respectively. All patients
had leg veins with diameters between 0.2 and 1.4 mm
(mean size of 0.4 mm). Patients were required to have a
patch of vessels over at least a 10 cm2 contiguous area. We
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avoided regions with nearby reticular veins. Vessels were
treated with a progressively increasing radiant exposure
for each spot size and pulse duration. The smallest radiant
exposure that resulted in either immediate closure of the
vessel or a ‘‘non-transient’’ bluing of the vessel was
considered the threshold radiant exposure for vessel
destruction. Closure was defined by the disappearance of
the vessel. This was verified by a dermatoscope with built-
in micrometer, which typically showed the vessel to be
completely closed, or leaving a fine ‘‘filament’’ of blueness.
Escalating doses of laser energy were applied in 5 J/cm2

increments.
Exclusion criteria were scarring or infection to the area to

be treated, known photosensitivity, suntan in the area to be
treated, medications known to induce photosensitivity
taken in the previous three months, isotretinoin within
the last six months, requirement for iron supplements,
anticoagulating condition or medications, thromboembolic
condition or history of hypercoagulability, immunocompro-
mised state, systemic disease, pregnant or lactating,
history of poor wound healing or keloidal scarring, or
Fitzpatrick skin type IV, V, or VI. No subjects were
permitted other concurrent therapy for their leg veins. No
subjects had concurrent venous stasis, based on the
absence of significant pigmentation changes, ulceration or
superficial skin surface changes (i.e., dermatitis).

Treatment

The selected vessels were photographed with a Nikon D70
digital SLR camera with a 50 mm macrolens (Nikon, Tokyo,
Japan). Vessel diameters were measured with a plastic vein
gauge (designed by David M. Duffy, M.D., courtesy of
Beiersdorf-Jobst, Inc., Charlotte, NC). To reestablish the
precise treatment sites, landmarks such as nevi or lentigos
were marked on the transparency to triangulate the original
position of the site. Prior to each treatment, topical 4%
lidocaine, L-M-X (Ferndale Laboratories Inc., Ferndale, MI)
was applied under an occlusive dressing for 1 hour. A
variable pulse prototype alexandrite laser (Candela Corpo-
ration, Wayland, MA) was used with surface cooling
provided by a cryogen spray (DCDTM, Candela, Wayland,
MA). At the initial visit, informed consent was obtained and
test sites were performed using pulse durations of 3, 20, 40,
60, 80, and 100 milliseconds. Radiant exposures ranged up to
97 J/cm2 with the 6 mm spot sizeand up to221 J/cm2 with the
3 mm spot size. Vessels of roughly equal size and color were
irradiated at each pulse duration. The DCD setting was fixed
at 50 milliseconds spray and 20 milliseconds delay.

The radiant exposure threshold for immediate reactions
varied depending on spot-size and vessel diameter. For the
first two patients, we exclusively used a 3 mm spot.
However, in the initial two ‘‘pilot’’ patients treated with
the 3 mm spot, we found that the radiant exposure that
achieved closure (180 J/cm2) exceeded the radiant exposure
threshold for epidermal damage (even though the patients
were fair-skinned). Accordingly, for the remainder of the
patients, we used a 6 mm spot, where we discovered that
closure was usually achieved at radiant exposures less than

the threshold for epidermal damage. A Syris polarizing
magnifying loupe (Syris, Grey, ME) was used during and
just after irradiation to identify precise thresholds for
epidermal damage as well as vessel closure. If epidermal
damage was noted at a particular radiant exposure–
pulsewidth combination, higher radiant exposures were
not applied. Epidermal damage was defined by any
(1) immediate graying or vesiculation, or (2) by any crusting
observed at days 1 or 7 after treatment. No adjuvant
treatments, that is, compression stockings, were utilized.
For each irradiation session, a calibrated joule meter
(Ophir Optronics, Jerusalem, Israel) with digital readout
(Nova display) was used for precise energy measurements.

Immediately after each treatment, the patient rated the
pain on a visual analog scale (VAS): 0 (absent), 1 (mild), 2
(moderate), 3 (severe). At this time and at each follow-up
visit, we also evaluated the patient for purpura, edema,
erythema, hyper- or hypopigmentation, blistering, and/or
scarring. Follow-up exams were performed on days 1, 7, and
21 following the test site irradiation. At each follow-up,
photographs were obtained with a Nikon digital SLR
camera (Nikon, Japan) in aperture priority mode with an
f-stop of 22. A Nikon macroflash with Canfield polarizing
filter provided uniform illumination of the target.

On day 21 after the test site session assessments of vein
clearance were performed by the investigators. An optimal
pulse duration was determined, defined as the pulse
duration for which the lowest radiant exposure resulted
in the best clearance and least side effects. Up to 20
previously untreated vessels were then treated with these
optimized laser settings.

Patients were seen 12 weeks after the ‘‘full treatment
session’’ for final evaluation and photodocumentation. At
this follow-up visit, the patient rated the level of satisfac-
tion and subjective assessment of clearance. Satisfaction
was rated on a five-point scale: 1 (no satisfaction), 2 (little
satisfaction), 3 (somewhat satisfied), 4 (satisfied), 5 (very
satisfied). Patients also rated their improvement on a five-
point scale: 1 (no improvement), 2 (little improvement),
3 (some improvement), 4 (significant improvement), 5
(complete improvement).

Evaluation

A panel of 10 independent, blinded physicians experi-
enced in dermatological laser therapy evaluated the treat-
ment response at the final 12-week follow up. They rated
the percentage of vessels that completely cleared in the
treatment region. Ratings were based on simultaneous
viewing of before and after photographs of the treatment
sites. Only vessels treated with the optimal pulse durations
for the respective patients were included in this evaluation.
The pre- and post-treatment photographs were randomly
presented (left versus right as projected on the screen).

Monte Carlo Simulations

We performed Monte Carlo simulations of light transport
(MCML) to model light distribution inside irradiated
blood vessels and skin [18]. We used a semi-infinite 2-layer
geometry to simulate skin. The skin model was comprised
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of a top layer of 100 mm-thick epidermis overlying a semi-
infinite dermis. We assumed lightly pigmented skin with
2% volume fraction of melanosomes in the epidermis [19].
In the model, a 0.8 mm blood vessel was inserted 1 mm
within the dermis. Laser beam energies at 755 and 1,064
nm wavelengths with 6 mm beam diameter were incident
normally (perpendicular) to the epidermis [19]. The tissue
volume was discretized (broken up into very small parts)
into a three-dimensional Cartesian grid points and the
volumetric heat production (J/cm3) was calculated at all the
grid points. In all calculations the input radiant exposure
was 1 J/cm2. The local volumetric heat production is the
product of the local fluence rate and absorption coefficient
(ma). The optical properties used in the simulations are
shown in Table 1 [19].

RESULTS

Fourteen patients completed this study. The most
common treatment site was the thigh, followed by the calf.
A variety of clinical patterns were observed immediately
after irradiation. For the initial two patients treated with
the 3 mm spot, we observed vessel closure at radiant
exposures of 180 J/cm2 for the 20, 40, and 60 milliseconds
pulse durations, whereas closure occurred at 165 J/cm2

with the 3 milliseconds pulse duration. However, with the
shorter pulse duration, there was a higher degree of
epidermal damage for equivalent radiant exposures. We
were unable to achieve closure or persistent bluing at
radiant exposures that preserved the epidermis, with the
3 mm spot size and for vessels smaller than 0.6 mm in
diameter. We did not observe any blanching or vessel size
changes prior to treatment that might have been induced
by the topical anesthetic.

For vessels 0.6 mm and greater in diameter, the
aforementioned radiant exposures achieved adequate
vessel closure or persistent bluing with the 3 mm spot size.
However, because of epidermal damage, even in fair
skinned patients, we determined that the 6 mm spot
size optimized vessel closure while preserving good pain
tolerability and safety. Typically, we observed vessel
closure for vessels larger than 0.6 mm in diameter at
radiant exposures of 85–92 J/cm2 with the 6 mm spot size.
This finding was consistent from patient to patient, and this
range of radiant exposures resulted in similar degrees of
closure over pulse durations ranging from 20 to 60 milli-
seconds.

The pattern of the immediate responses after treatment
was consistent. For vessels less than 0.6 mm, immediate

stenosis was followed by a faint return of the vessels over
the next 10 minutes, usually accompanied by mild edema
and perivascular erythema. For larger vessels, the charac-
ter of the immediate postoperative events was different.
Immediately after irradiation, vessels were observed to be
almost completely closed. In the next 10 minutes, the vessel
developed very conspicuous linear edema accompanied by
formation of a blue ‘‘cord’’ at the site of the vessel.

For the 3 milliseconds pulsewidth, the radiant exposure
threshold was somewhat less for closure (about 70 J/cm2),
however epidermal safety was compromised in patients
that did not have very light skin. Longer pulse durations
were associated with greater epidermal preservation.

For the 1-day follow-up visits, patient presentations were
similar to the immediate postoperative appearance. Excep-
tions were a slight increase in the severity of purpura as
well as the evolution of vesiculation when some mild
immediate graying was noted on the immediate post-laser
treatment exam. By day 7 most purpuric areas had
decreased by approximately 50%, and only retained crusts
were noted in the specimens where there was earlier
vesiculation or graying.

Three weeks after treatment, vessels tended to be
partially closed, or in some scenarios, a fraction of the
vessels within any treatment field were completely closed
whereas others remained patent. Any thrombosis noted
after 24 hours had typically resolved by the 3-week follow
up visit. Hyperpigmentation was occasionally seen, parti-
cularly in some of the larger vessels. We observed frank
blisters with the 3 mm spot size. Also, with the 6 mm spot,
we observed vesiculation at the 3 milliseconds site in one
patient who had tanned type III skin. Figure 1 shows tissue
effects created by the 3 and 40 milliseconds pulse durations.
The 3 milliseconds duration created vesiculation but not
the 40 milliseconds pulse duration.

In most cases, the optimal pulse duration, spot size, and
radiant exposure results at the 3-week test site visit were
determined to be 60 milliseconds, 6 mm, and 89 J/cm2,
respectively. These parameters resulted in the best overall
combination of vessel improvement, epidermal safety, and
absence of purpura and inflammation. Very small vessels
(<0.6 mm), regardless of the parameter configuration, were
impossible to close without damaging the epidermis. We
noted that bluer vessels showed a lower threshold for
stenosis and than redder vessels. The assessment of blue
versus red was made by the naked eye.

The ‘‘full’’ treatment sessions were carried out 3 weeks
after the initial test spots. Based on the test spot evaluation,
for the full treatment visits, 50%, 36%, and 14% of the

TABLE 1. Absorption Coefficients for Respective Chromophores of Interest

532 nm 595 nm 755 nm 800 nm 1,064 nm

Hb 219 cm�1 114 cm�1 8.4 cm�1 4.1 cm�1 0.3 cm�1

HbO2 237 cm�1 36 cm�1 3 cm�1 4.4 cm�1 3 cm�1

Blood (68% oxy, 32% deoxy) 231 cm�1 61 cm�1 4.7 cm�1 4.3 cm�1 2.1 cm�1

Melanin (12% volume fraction) 67 cm�1 46 cm�1 21 cm�1 17 cm�1 7 cm�1

Ratio (melanin/blood) 0.3 0.5 4.5 4 3.3
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patients were treated with 60, 40, and 20 milliseconds,
respectively. The mean vessel clearance obtained with the
alexandrite laser is shown in Figure 2. Sixty-five percent
clearance was achieved with a single treatment using an
average radiant exposure of 89 J/cm2, a spot size of 6 mm
and a pulse duration of 60 milliseconds. Although in the two
patients treated with the 20 milliseconds pulse duration for
the larger treatment zone (full treatment visit), a higher
clearance rate was observed than for longer pulses, more
side effects were observed in the majority of patients (at the
test sites) versus longer pulse durations. Purpura, when
observed, was most prominent 24 hours after treatment,
and was commonly observed in the 3–20 milliseconds range
(Fig. 3). The lowest incidence of purpura was among vessels
treated at 60 milliseconds. Hyperpigmentation incidence
was approximately 30% and was not related to pulse
duration. However, it should be noted that in cases of
purpura, there was a greater risk of hyperpigmentation
that transiently mirrored the footprint of the purpura. Also,
we did observe that vessels greater than 0.8 mm were more

likely to develop hyperpigmentation. The pretreatment
color of the skin did not appear to be related to the risk of
hyperpigmentation.

Even in the case of frank blistering, scarring was not
observed. The mean pain scores for all treated test sites
were 1.4� 0.6 on a scale 0–3 where 0¼no pain, 1¼mild
pain, 2¼moderate pain, and 3¼ severe pain. There was no
significant difference in pain scores among the various
pulsewidths. A representative before and after photograph
is shown in Figure 4. Overall satisfaction with the
procedure was 3.5, and the overall subjective improvement
was 3.4 on a five-point scale.

Figure 5a,b shows the volumetric heat production
distribution produced by 6 mm beam diameter 1,064 and
755 nm wavelengths in a 0.8 mm diameter vessel residing
1 mm below the skin surface. The average volumetric heat
production within the vessel is 4.6 and 9.1 J/cm3 for the
1,064 and 755 nm wavelengths, respectively. The volumet-
ric heat production in the epidermis is higher than within
the vessel for 755 nm irradiation. On the other hand, the

Fig. 1. Note vesiculation 24 hours after treatment at the

3 milliseconds site—the same radiant exposure was used at the

40 milliseconds site without side effect.

Fig. 2. Mean clearance as a function of pulse width for the full

complement of vessels treated at the optimal patient-specific

pulse duration as determined by the test sites.

Fig. 3. Note decrease in purpura as pulse width increases

(24 hours after irradiation).

Fig. 4. Representativebeforeandafterphotographat12 weeks

after treatment—40 milliseconds pulse duration was the

optimal pulse duration in this subject.
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volumetric heat absorption is lower in the epidermis than
within the vessel for 1,064 nm irradiation.

DISCUSSION

The 755 nm pulsed alexandrite laser enjoys an excellent
reputation for hair removal and epidermal pigmented
lesions. However, it has not been commonly used for the
treatment of leg telangiectasia because of side effects such
as purpura and post-inflammatory hyperpigmentation.
This study demonstrates that the alexandrite laser is
capable of treating leg telangiectasia with minimal side

effects when the appropriate pulse duration, spot size, and
radiant exposure are used.

In previous work, we have shown that for the 1,064 nm
wavelength, longer pulse durations (40–60 milliseconds)
are optimal for clearance of leg veins [20]. Longer laser
pulse durations favor lumen contraction, a mechanism that
optimizes permanent closure and typically occurs without
associated rupture, hemorrhage, or post-inflammatory
hyperpigmentation. If the laser sufficiently heats the
vascular endothelium and surrounding stroma, the wall
will constrict due to thermal denaturation. Then, presum-
ably, the thermally damaged endothelium and perivascu-
lar tissue initiates a cascade of microthrombosis and
inflammation [21–25]. The final result is replacement of
the vessel by fibrous tissue [21,26]. Most likely, both
contraction and thrombosis are involved in achieving vein
clearance [27]. Stenosis, however, is preferable to throm-
bosis because thrombi are often associated with hemosi-
derin and/or melanin hyperpigmentation [16,28]. In this
study we tried to mimic our experiences with the 1,064 nm
wavelength; accordingly, we used the 755 nm wavelength
with similar pulse durations.

We first performed Monte Carlo simulations to help us
predict the radiant exposures required. The calculation
suggested that the alexandrite would need roughly half the
radiant exposure of that used by the 1,064 nm wavelength.
These results were consistent with our clinical findings. For
example, with the 1,064 nm wavelength, we normally
would use roughly 140 J/cm2 with the 6 mm spot to
establish the same degree of vessel closure for 0.8 mm
vessel as with the alexandrite laser at approximately 85 J/
cm2. Even though the specific changes that occur during
laser induced vessel heating are complex and almost
simultaneously, one observes HgB heating, met HgB
formation, collagen contraction, clot formation, all occur-
ring within the context of blood flow, we were able to
reasonably predict operating radiant exposures based on
previous clinical results with the 1,064 nm and by modeling
heating of the blood vessels based solely on constant optical
thermal properties.

Mirroring our experience with the 1,064 nm laser, we
tried first to use a small spot size of 3 mm. However, we were
unable to successfully treat smaller vessels (<0.6 mm) with
the 755 nm wavelength because the radiant exposure
threshold for vessel closure approached the epidermis
damage threshold even in light skinned patients. This
happened because vessel closure of smaller vessels requires
higher radiant exposures and because the alexandrite laser
intrinsically favors melanin over vascular heating in
contrast to the Nd:YAG, as shown in Figure 5. Even though
oxyhemoglobin, in particular, is poorly absorbed by this
wavelength, the overall blood absorption coefficient
(assuming 68% HgB concentration in whole blood) is
roughly twice that of 1,064 nm. On the hand, the melanin
absorption is roughly 3 times as high for the alexandrite
laser versus Nd:YAG laser.

As a result, we increased our spot size to 6 mm. We
wanted to keep the spot size as small as possible because it
results in a higher ratio of photons invested in vessel

Fig. 5. Volumetric heat production in a 0.8 mm diameter

vessel residing 1 mm below the skin surface, produced by

(a) 1,064 nm and (b) 755 nm.
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heating versus heating of surrounding tissue, and because
smaller beams tend to be less painful than larger diameter
beams.

The experimental results show similar overall vessel
clearance with the alexandrite laser (62%) and the Nd:YAG
laser (71%) after a single treatment (with optimized
settings) [12]. However, the alexandrite laser was effective
only for larger vessels (> 0.6 mm), whereas the Nd:YAG
laser was effective over a wider range of vessels (0.1–
1.6 mm). In addition, the alexandrite laser was effective on
lighter skin types whereas the Nd:YAG laser could be used
over a wider range of skin types.

A summary of the literature supports the use of green-
yellow light for the treatment of very small vessels, so long
as the skin is fair. On the other hand, depending on the spot
size and radiant exposure, a larger range of blood vessel
sizes and skin types can be treated at 1,064 nm. The
alexandrite laser falls in a zone between these two extremes
(Green-yellow visible light and NIR light). It enjoys a
higher degree of penetration in bloodless dermis then the
visible light wavelengths, as well as reasonably good
penetration in blood because of its overall poor HgB
absorption compared to visible light. The major limitation
for the alexandrite laser is its poor oxyhemoglobin
absorption, particularly within the context of its relatively
high melanin absorption. This ‘‘ratio’’ limits its use to larger
vessels (> 0.6 mm) in very light skin.

In conclusion, we found that a longer pulse duration
(> 3 milliseconds) alexandrite laser allowed for a higher
likelihood of successful vessel closure with minimal side
effects, particularly in light skinned patients.
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