The Scalpel of Light and Its Dark Side

Why Medical Lasers Can Be Dangerous Without Extraction

Since the introduction of the first laser systems in the 1960s, the technology has
transformed nearly every field of modern medicine. The ability to focus light energy with
extreme precision on tiny areas of tissue enables procedures that would be unthinkable with
mechanical scalpels. The underlying principle of selective photothermolysis allows for the
treatment of specific target structures (chromophores such as water, hemoglobin, or

melanin) while sparing the surrounding healthy tissue.

Figure 1: Laser technologies are increasingly being used in medical therapies

Multidisciplinary range of applications

The transformation of the laser from an experimental tool to a clinical standard is based on
the technological ability to precisely tailor wavelength, pulse duration, and energy density to
the specific absorption spectra of different tissue types.

This variability enables highly selective interaction with biological structures, thereby
minimizing thermal collateral damage and accelerating healing processes. As a result,



specialized laser systems have established themselves as indispensable instruments for
complex procedures in many medical disciplines, including:

+ Ophthalmology (eye medicine): Correction of refractive errors using excimer lasers (LASIK)
as well as the treatment of retinal diseases and cataracts.

- Dermatology: Removal of vascular lesions (birthmarks), pigmentation disorders, and
tattoos, as well as ablative “resurfacing” for the treatment of scars and wrinkles.

« Dentistry: Low-pain removal of dental caries, reduction of bacteria in root canals, and
minimally invasive gum surgery.

« HF Surgery & Visceral Surgery: Use as a “light scalpel” for low-bleeding resection of tumors
in highly vascularized organs through simultaneous vessel sealing.
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Figure 2: Multidisciplinary Mechanisms of Action in Laser Medicine

The downside: the formation and hazards of the “surgical plume”

Despite its clinical advantages, the thermal interaction between the laser beam and

biological tissue poses a significant, often underestimated health risk: the formation of laser
smoke (surgical plume). As soon as the laser’s energy density exceeds the boiling point of
intracellular fluid, the tissue undergoes explosive vaporization. This process releases not only
water vapor into the surrounding air but also a complex mixture of gaseous and particulate
byproducts.

The hazards can be divided into three categories:

1. Chemical toxicity: The combustion of proteins and lipids produces over 150 volatile
organic compounds (VOCs). Analyses show significant concentrations of benzene, toluene,
and ethylbenzene, as well as highly reactive acrolein and gaseous hydrogen cyanide
(cyanide).



2. Biological infection risk: The mechanical pressure of vaporization can aerosolize intact cell
fragments and microorganisms. It has been scientifically proven that viral DNA, such as that
from papillomaviruses (HPV) or hepatitis, can survive in laser smoke and become infectious
when inhaled.

3. Physical exposure to ultrafine particulate matter: Approximately 80% of the emitted
particles are smaller than 0.5 ym. These particles are respirable and penetrate deep into the
alveoli, from where they can cross the blood-air barrier.

Comparison: Studies have estimated that inhaling the smoke produced by vaporizing one
gram of tissue is roughly equivalent to the amount of pollutants in 27 to 30 cigarettes.

The most important European standards and legal frameworks at a glance

The use of air filtration systems in laser medicine is not optional but is mandated by national
and European legal standards. These laws are intended to protect staff from long-term
health risks and define the current state of medical technology:

¢ Machinery Directive 2006/42/EC: This directive requires manufacturers to eliminate
or minimize machinery hazards through design. For laser processing machines, this
also includes fumes, gases, and particles generated during processing; required
technical safeguards may include local exhaust ventilation.

o Directive 2006/25/EC: This EU directive governs the protection of workers from
artificial optical radiation, including laser radiation. It requires a risk assessment that
considers exposure as well as appropriate technical and organizational protective
measures.

e ENISO 11553-1: This European standard specifies the safety requirements for laser
processing machines. It addresses hazards arising from laser radiation as well as the
required protective measures and manufacturer information.

e EN 60825-1 and EN 60825-4: These standards govern the classification of laser
products as well as requirements for laser safety and protective enclosures. Effective
safeguards are required for Class 3B and Class 4 lasers. If hazardous substances are
released, suitable exhaust ventilation must be provided based on the risk
assessment.

Technical protective measures: use of extraction and filtration systems

Given the risks described above, passive protection provided by conventional surgical masks
is completely inadequate. These masks are primarily designed to protect patients from the
exhaled air of healthcare personnel, but they offer no significant filtration resistance against
ultrafine, toxic laser aerosols.

Modern worker and patient protection are instead based on an active, technical extraction
and filtration system.



Figure 3: JUMBO Filter Trolley MED — mobile filtration system for medical laser fumes with an
attached extraction arm

The process starts with the capture of air pollutants. To prevent the particles from
spreading throughout the room and to ensure maximum filtration, local exhaust
ventilation is the ideal solution. The particles are then captured in a filtration system. It is
important—also for economic reasons—that technical and ergonomic factors go hand in
hand:

o Capture efficiency: The effectiveness of the extraction decreases quadratically
with distance from the incision site. A high capture rate is ensured by point
extraction, i.e., capturing the particles directly at the source of the contaminant.

o The filtration system: To reliably capture both particles and gases, multi-stage
systems are often used:

o Pre-filters: They trap coarse particles, thereby extending the service life of
the main filter.

o ULPA filters (Ultra Low Penetration Air): Unlike conventional HEPA filters,
ULPA filters (Class U15 or higher) achieve 99.999% efficiency in capturing
particles down to the nanometer range. This reliably traps even the
smallest viral fragments.

o Activated carbon adsorption: Since gases and VOCs would pass through a
particle filter unimpeded, the use of sorbents such as activated carbon is



advisable. It binds chemical toxins and neutralizes the unpleasant odors
typical of the laser process.

Conclusion

The laser is an indispensable tool in modern medicine that has set new standards in patient
care thanks to its precision. However, its safe use requires a high level of awareness
regarding occupational safety and the potential risks posed by thermal emissions. Only the
consistent use of appropriate exhaust and filtration systems can ensure the long-term health
of medical professionals and patients and reliably prevent contamination of the indoor air. It
is therefore essential that hospitals and medical practices invest in state-of-the-art filtration
technology so that the technological brilliance of the laser is not overshadowed by avoidable
health risks. Ultimately, the quality of air management defines the safety and professionalism
of the entire medical environment.
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