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Introduction: Principles of Laser Therapy

The term laser is an acronym for light amplification by stimulated emission of radiation. A typical laser 
emits light in a narrow, low-divergence monochromatic beam with a well-defined wavelength. Therapeutic 
effects are the result of a combination of unique laser properties and complex laser/tissue interactions. 
For a clinical effect to take place, laser light must be absorbed by chromophores such as water, melanin, 
and oxyhemoglobin in the case of vascular lesions. Each chromophore preferentially absorbs a specific 
wavelength of the laser light. When laser light is absorbed by the target chromophores, it has a photo-
chemical, photothermal, and photomechanical effect1 on tissues. 

The output energy of the laser is referred to as the energy density or fluence and is measured in joules/
centimeter squared (J/cm2). The depth of penetration of the laser light depends on its wavelength. 
Increasing the wavelength will lead to an increase in the depth of penetration and a decrease in scat-
tering, which is more prevalent in the dermis due to its high collagen content. Thermal destruction of a 
target lesion can be achieved without damage of the surrounding normal tissue.2 To achieve selective 
photothermolysis, three basic elements must be considered: 1) selection of a wavelength of light that 
is preferentially absorbed by the intended tissue target, which in the case of vascular lesions is oxyhe-
moglobin; 2) the pulse duration of the laser, or the exposure time of the tissue to the laser energy, must 
be shorter than or equal to the chromophore’s thermal relaxation time (defined as the time required for 
the targeted site to cool to one-half of its peak temperature immediately after laser irradiation); and 3) 
the energy density delivered by the laser must be sufficient to irreversibly damage the target within the 
allotted time.3 In this manner, the laser parameters can be adjusted to target specific vascular lesions, 
leading to their maximal destruction with minimal damage to the surrounding tissues.

The need for epidermal protection to avoid collateral damage to basal keratinocytes prompted the devel-
opment of epidermal cooling devices.4, 5 Selective cooling of the epidermis has been shown to minimize 
epidermal injury and can be achieved by using various systems. Chill tips, cooled glass chambers, 
sapphire windows, cold sprays or halogenized hydrocarbons, liquid nitrogen, and the pulsed delivery of 
cryogen spray have been employed to increase the safety profile of commercially available laser devices 
approved for the treatment of vascular lesions.2, 6  

In dermatologic laser therapy, the use of cold air in analgesia can be considered as effective and 
inexpensive as current treatment alternatives. Raulin and colleagues7 showed that 86 to 97% of patients 
preferred the cold air analgesia. The analgesic effect was 37% better than cooling with ice gel. The 
authors also showed that due to the increased thermal protection of the epidermis, they were able to 
use higher energy levels and reduce the rate of erythema, purpura, and crusting. Similarly, Greve and 
associates8 showed that purpura, erythema, edema, and pigmentation were much less marked in the 
air-cooled areas. In their report, 69% of patients felt that the laser impulses accompanied by cold air 
were significantly less painful. The authors conclude that cold air is a safe, effective, economical, and 
environmentally friendly alternative to a cryogen spray cooling system. 
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Types of Lasers Used in Superficial 
Peripheral Vascular Lesions

When choosing a laser for treating vascular lesions, 

the following determinants need to be considered: 

vessel depth and diameter, laser wavelength, pulse 

width, and, to a limited extent, spot size.9 The 488 and 

514 nm wavelength Argon laser carries with it a risk 

of scarring and dyspigmentation6 due to nonspecific 

thermal injury resulting from a pulse duration that is 

longer than the thermal relaxation time of vessels.10-11 

Argon-pumped tunable dye (APTD),12-13 Krypton,14 

copper vapor/bromide,15-16 and KTP17-18 lasers were 

all used in treatment of facial telangiectasias, but they 

delivered pulses as short as 20 ms. This pulse duration 

did not provide enough time for target vessels to cool 

and may have lead to complications similar to those 

associated with the Argon laser. 

The first laser that was specifically developed for 

selective photothermolysis of vascular lesions was the 

flashlamp-pumped pulsed dye laser (PDL).19 With a 

pulse duration of 450 µs, it can target small- to medium-

sized vessels. Initially the laser utilized a 577 nm 

wavelength,20-21 but this was later increased to 585 nm 

to reach deeper lesions and simultaneously increase 

vascular specificity.22-23 Initially, PDL was used to treat 

vascular lesions in non-dark-skinned patients,24 but 

several studies have proved the lack of side effects when 

used on dark-skinned patients.25-26 PDL energy density 

ranges between 3-10 J/cm2, and spot sizes of 2-10 mm 

are used. Depending on the patient’s age and the site 

of the lesion, the fluence and spot size can be adjusted. 

For example, in delicate tissue areas, lower  fluence 

is used. Additionally, fluence should be lowered by 

10-20% when PDL is applied to areas with higher risk 

of textural change, such as the neck and anterior chest. 

Deeper and larger caliber vessels such as those in the 

leg veins may require larger spot sizes. Areas with 

increased pilosebaceous units and thicker skin may 

need additional treatment sessions.31 Recently, PDL 

systems with longer wavelengths (590, 595, and 600 nm) 

and extended pulse duration (1.5–40 ms)27-28 are being 

used to target deeper vascular lesions.

Purpura is the most apparent side effect following 

PDL treatment and may remain clinically apparent 

for 2-14 days. Long-term complications include hyper-

pigmentation, atrophic scarring, hypopigmentation, and 

hypertrophic scarring. However, most of these changes 

are only focal and predominantly transient. Darker skin 

increases the risk of complications and decreases the 

depth of penetration, because the energy of the PDL is 

absorbed by melanin. However, patients with darker 

skin (Fitzpatrick V) should not necessarily be excluded 

from treatment, provided that treatment expectations 

and risks are fully appreciated.29 

Intense pulsed light (IPL), a noncoherent light source 

with wavelengths ranging from 500-1200 nm, has been 

used to treat vascular lesions such as port wine stain 

(PWS), facial telangiectasias, and hemangiomas.30-31 

Filters are used to remove shorter wavelengths, cre-

ating a concentrated light beam with better dermal 

penetration and less absorption by epidermal mela-

nin. IPL gives single, double or triple light pulses, with 

each pulse lasting from 2-25 ms and the delay between 

each pulse ranging from 10-500 ms. This provides what 

is called “additive healing” and leads to better results 

when treating deeper vascular lesions.1

The Nd-YAG laser has shown favorable results by 

investigators in the treatment of telangiectasias.22, 23, 24 

Limitations arise when it is used in dark-skinned 

patients. The Nd-YAG laser, with a wavelength of 1064 

nm and a pulse duration of up to 200 ms, was devel-

oped to treat leg veins with a diameter up to 3 mm.33-34 

A study by Weiss and Weiss48 showed 75% resolution 

of leg telengiectasias 3 months after treatment with a 

Nd-YAG laser when using a fluence ranging between 

130-140 J/cm2 and a pulse duration of 16 ms.

The PDL-595 and the Nd:YAG-1064 lasers are well 

known for their effectiveness in the treatment of vascu-

lar lesions. Nd:YAG is superior in treating 1-3 mm veins 

but can be painful, and side effects from over-treatment 

can easily occur. The PDL is the treatment of choice 

for veins <600 µm in diameter but not deeper than 

1 mm. Its side effect is usually purpura, typically lasting 

approximately 7-14 days.

Recently, the introduction of a combined laser plat-

form (Cynergy with Multiplex, Cynosure, Westford,  

Figure 1. Device hand-piece that combines a PDL with a 1064 nm 
Nd:YAG laser and an air cooling system.
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MA) has allowed the 595 nm PDL and 1064 nm Nd:YAG 

wavelengths to be emitted sequentially from the same 

hand piece. In this application, the PDL is used to “pre-

heat” the blood to approximately 70˚ C. This converts 

a percentage of the oxyhemoglobin to methemoglo-

bin, which has a 4- to 7-fold greater absorption of the 

Nd:YAG 1064 nm wavelength than the hemoglobin. 

This means that less fluence is needed to be effective, 

resulting in fewer side effects for the same depth of 

penetration. Taken together with vessel depth, diameter, 

and location, the blood flow rate is an important factor 

in determining the delay needed between delivery of 

the 595 nm and the 1064 nm laser light. In a random-

ized controlled trial, Karsai and colleagues35 compared 

the efficacy of this dual laser therapy and the use of a 

single wavelength laser in treating facial telangiectasias. 

The trial demonstrated significant therapeutic effec-

tiveness of the dual wavelength laser treatment when 

compared to the use of a single wavelength laser (either 

the Nd:YAG or the PDL). The highest rate of clearance 

(90%) was achieved in almost half of the sites treated 

with the dual wavelength laser, whereas not one site 

treated with either of the single wavelengths showed 

similar results. The only adverse effects related to 

treatment were transient purpura and post-treatment 

erythema.

Treatment of Telangiectasias or Reticular 
Veins in the Lower Extremity

The most common leg vein anomalies include spider 

veins, reticular veins, and varicose veins arising within 

the system of the greater and smaller saphenous veins. 

Laser treatment of leg veins is difficult because of the 

wide range of vein size and depth, the wide range of 

blood flow rates, and the many different types of leg 

vein ectasias. An appropriate work-up should be per-

formed before considering treatment options. If deep 

venous disease is present, this should ideally be treated 

first, as this often causes regression of the superfi-

cial veins. In the presence of venous reflux disease, 

endovenous laser treatment, or endovenous radio-

frequency ablation may also clear a significant portion 

of the more superficial and reticular veins, and these 

procedures should have priority before considering the 

selective treatment of superficial spider veins alone.9 In 

the absence of deep venous insufficiency, sclerotherapy 

remains the treatment of choice for superficial spider 

veins and small reticular veins. Some of the side effects 

of sclerotherapy include needle or puncture site bleed-

ing, post sclerosis pigmentation, and telangiectatic 

matting. 

In recent years, more patients are demanding effec-

tive alternatives to sclerotherapy. Laser therapy has 

emerged as a viable and effective treatment option, 

especially in patients with needle phobias. Visible light 

devices targeting the oxyhemoglobin absorption peaks 

may be acceptable for treating very superficial telangi-

ectasias on the legs. These laser and light devices are 

the KTP laser, the PDL, the Nd:YAG, the long-pulsed 

alexandrite laser, and IPL devices with various filters to 

emit wavelengths that selectively target the oxyhemo-

globin peaks. When treating leg veins, these visible light 

devices may work on superficial vessels but are limited 

by their shallow depth of penetration and high risk for 

pigmentary complications. Of these devices, the 595 nm 

PDL has been used with the greatest success.36  

Hsia and associates37 have demonstrated that 

long-pulse PDL may have utility in treating leg telangi-

ectasias. They treated 20 patients using PDL at 595 nm 

and 1.5 ms. Vessel diameters ranging from 0.635 to 

1.067 mm were treated using energy densities of 15 and 

18 J/cm2 and a 2 x 7 mm elliptical spot size. Clearance 

of telangiectasias and complications were scored at 6 

weeks and 5 months following the single treatment 

and showed a >50% clearance by 6 weeks in 42.3% and 

45.2% of patients using 15 J/cm2 and 18 J/cm2 energy 

fluences, respectively. By 5 months, >50% clearance was 

noted in 53.0% and 64.7% of patients using 15 J/cm2 

and18 J/cm2 fluences, respectively. Complications were 

minor and infrequent. 

Kono and colleagues38 evaluated the efficacy and 

complications of 595 nm wavelength long PDL in the 

treatment of leg veins. Fourteen patients with 38 lesions 

were enrolled and treated using a long-wavelength PDL 

equipped with a cryogen spray cooling device. Variable 

pulse durations ranging from 1.5 to 20 ms and energy 

fluences from 10 to 20 J/cm2 were utilized depending on 

the size of the treated vessels. Patients with vein diam-

eters <1 mm had complete clearing, while patients with 

vein diameters between 1 and 2 mm still showed an 

excellent response. Hyperpigmentation was the only 

observed complication, lasting several months in 57.9% 

of the treated sites. 

Long-wavelength near-infrared (IR) lasers allow 

deeper penetration into the tissues and may even be 

used to target deeper reticular veins. Oxyhemoglobin 

has an increase in its absorption coefficient at near-IR 

wavelengths between 800 to 1,100 nm. Longer wave-

lengths also heat more uniformly than the shorter 

wavelengths with higher absorption coefficients. One 

such near-IR laser that has been used to treat leg veins 

is the 1,064 nm Nd:YAG.51 Sadick39 evaluated the effi-

cacy of a high-power 50 ms 1,064 Nd:YAG laser in the 



MDCVJ | V (4) 2009 23

treatment of lower extremity veins between 0.2 and 

3 mm in diameter that had received up to three treat-

ment sessions. By varying spot size, fluence, and pulse 

duration, 80% of patients achieved greater than 75% 

clearing and were highly satisfied with the treatment 

results at 6 months. 

Parlette and associates40 conducted a study to deter-

mine an optimal pulse duration for clearance of leg 

veins using the Nd:YAG laser. They tested a range of 

pulse durations (3-100 ms) and showed that in com-

parison to shorter pulses (<20 ms), longer pulses may 

result in gentler heating of the vessel and a greater 

ratio of contraction to thrombosis. They postulated 

that this was due to the fluence thresholds for immedi-

ate vessel changes, which vary depending on spot size 

and vessel diameter, with larger fluences required for 

smaller spot sizes and smaller vessels. Shorter pulse 

durations (20 ms) were also associated with occasional 

spot-sized purpura and spot-sized post-inflammatory 

hyper pigmentation. Longer pulse durations (40-60 ms) 

achieved superior vessel elimination with less post-

inflammatory hyperpigmentation. With a single laser 

treatment, 71% of the treated vessels were cleared.

Effective amelioration can be achieved with one or 

two treatments using new technology that combines 

PDL with a high-powered 1064 nm Nd:YAG laser and 

an air cooling system (Figure 1). The PDL light is uti-

lized first because blood has an approximately 50-fold 

greater absorbance of the 585 nm than at the 1064 nm 

wavelength emitted from the Nd:YAG laser. Therefore, 

less energy is necessary to heat the blood and convert 

hemoglobin to methemoglobin. This conversion in turns 

allows a reduction in the Nd:YAG fluence requirement 

because the methemoglobin isoform and thrombus 

absorb the 1,064 nm wavelength light up to five times 

more effectively than unconverted blood. This lower 

energy requirement, combined with the use of an air 

cooling system, reduces the risk of thermal injury to the 

tissues. The sequential combination of PDL and Nd:YAG 

laser technology appears to be a superior alternative to 

single wavelength lasers.

Conclusion

In recent years, more patients are demanding effec-

tive alternatives to sclerotherapy, and laser therapy has 

emerged as a viable and effective treatment option. 

Clinically, it is far more important to know which 

immediate skin responses are desired than to memo-

rize various treatment parameters. In practice, treatment 

should be individualized to patient response. When 

considering laser- or light-based treatment for vascu-

lar lesions, treatment parameters have to be optimized 

based on the individual response to the initial pulse. 

Each lesion is different, and every device has a different 

clinical endpoint — such as mild bruising for the PDL, 

vessel disappearance for Nd:YAG and diode lasers, and 

mild erythema or edema for IPL sources.
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