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View On | Tattoo Removal

tats all
folks

Mike Murphy has spent many
years in the medical laser
industry. His first company,
Derma-Lase Limited, was
borne out of clinical research in
Canniesburn Hospital, Glasgow,
Scotland into the removal of tattoos and benign pigment lesions
using the Q-switched ruby laser. He was involved in the original
research program from 1986, and also studied the effects of the
pulsed dye laser on vascular lesions (such as port wine stains).
While working in the hospital Mike became the Laser Safety Officer
responsible for the safe use of all the lasers within the Canniesburn
Laser Suite. At the same time he had to implement the recently
formed COSH regulations where they applied to lasers. In 1989
Mike and his colleagues formed Derma-Lase Ltd to sell the DLR1
ruby laser across the world with many sales in America and in
South East Asia. They opened the world’s first tattoo removal
clinic in Glasgow using Q-switched lasers. Two years later they
launched the world’s first commercial Q-switched Nd:YAG laser
for dermatological applications, the MultiLine. In 2002 Mike
started working with PhotoNova of Sweden as a consultant. He is
currently working on a report on the thermal effects of IPL pulses
on tissue, in particular blood vessels. This area has not been fully
explained in the literature and has led to a poor understanding of
the best way to treat various skin problems using IPL systems. He
plans to publish this report later in the year. He has also recently
begun a new spectroscopic study of tattoo inks and their response
to Q-switched laser energy.

Mike Murphy gives his View
On why tattoo removal lasers
are a potential danger in our
beauty salons
Recently salon owners in the UK have begun to look at offering tattoo
removal services as part of their overall package. While this is a
good move, generally, there are a number of issues, which should be
understood by all therapists before launching into this area.
Firstly, the only technique that has been clinically proven to remove tattoos without
seriously damaging the skin is the Q-switched laser. A Q-switch is a device that
essentially ‘squeezes’ all the laser energy into an extremely short pulse duration,
typically, billionths of a second. Such short pulses do not generate thermal (heat)
reactions in tissues, unlike many other lasers and all IPL systems. Instead, a different
type of reaction known as the ‘photo-acoustic effect’ is induced. This reaction
generates a shock wave, which causes the brittle tattoo ink particles to fracture
into smaller fragments, which macrophages within the skin will remove over time.
Secondly, IPL systems cannot produce nearly enough power to break down tattoo
ink in the same fashion as with Q-switched lasers. Indeed, IPL systems cannot induce
the photo-acoustic effect at all. They can only generate thermal reactions, which can
lead to scar formation if used on tattoos due to damage to the adjacent collagen.
The power density is absolutely critical when attempting to treat tattoos.
Below a certain threshold the photo-acoustic effect will not occur and the
tattoo pigment will not fragment. The graph on the opposite page shows
the differences in the power density generated by various systems.
IPL systems can generate power densities between 50 watts/cm2 and 2000

watts/cm2 typically. If we represent 50 watt/cm2 as a 1cm high point on the graph, then many lasers used in
cosmetic treatments today will generate equivalent power densities of 5000 watts/cm2 – a height of 100cm
on this graph. However, Q-switched lasers can easily generate power densities of hundreds of millions of watts/
cm2 – on the graph opposite this would be represented by a point more than 150 kilometres high.
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To be absolutely clear on this, each Q-switched laser pulse
generates a power density 150,000 times greater than typical
lasers and 15,000,000 times greater than IPL systems!
It is clearly obvious how much more powerful Q-switched lasers are
when compared with ‘standard’ lasers and IPL systems. This point
must be understood by all Q-switched laser users. It is absolutely
imperative that anyone using this kind of technology appreciates
the power of the laser they are using. I cannot stress this enough.
This is particularly important when considering the potential hazard
of such lasers to the eyes – this is covered in my next point.
Thirdly, the correct safety goggles or glasses MUST be used when
utilising Q-switched lasers. This is a legal requirement in the UK and

The world
leaders in
laser safety

is enforceable. I have become aware that some suppliers do not
supply the proper eye protection. This is doubly dangerous because
not only do they not provide the proper level of eye protection, but
they also allow the wearer to believe that they are protected!
Every pair of safety eyewear MUST indicate the level of protection and

Quality laser safety equipment and
compliance services based on over
100 years of collective experience.

must be CE marked. These are both legally required otherwise the
eyewear cannot be used within the EU countries. Current regulations,
known as the EN60825/207 standard, state that both the frame
and the filter must be chosen according to the laser wavelengths
and output power density. For pulsed lasers this means that they
must offer full protection for at least 100 pulses (or 10 seconds for a
continuous laser) – this applies to both the frame and the filter.
The old regulations specified the optical density (OD) of the filter
alone. The OD is a measure of how much light can get through the
filter to the eye. It is a logarithmic scale so an OD of 1 represents a

Protection
Products

10% transmittance while and OD of 2 is only a 1% transmittance.
However, the newer European Standards incorporate a required
protection level for the frames too – this is now law for all EU states.
Laser safety goggles are specifically designed for particular lasers.
They are not transferable. The goggles must take into account both
the wavelength(s) and the output power of the laser. If you use a
Q-switched Nd:YAG laser for tattoo removal then your goggles must be
able to protect you from the 1064nm and 532nm wavelengths (which

Installations

most Nd:YAG lasers will output) and the huge powers they generate.
However, these goggles will only protect you from this type of laser. They
are useless if you use a different laser. I know of a case where a very
well known laser researcher damaged both of her eyes because she
accidentally put on the wrong safety goggles before working with a
Q-switched laser. That damage is permanent – it cannot be repaired!
Q-switched lasers generate both visible and invisible laser light of
immense power (as above). Even a fraction of a percentage of
this power is capable of permanently damaging the eye’s retina.

UKAS
Accredited
Testing

Hence, if the wrong safety glasses/goggles are used and an
errant reflection enters eye damage is almost guaranteed.
All of the above must be clearly understood before even
switching on a Q-switched laser. Comprehensive training must
be provided to all users by authorised personnel only. Secondary
training by new users should absolutely not be allowed – this is
imperative to ensure safe and effective use of such lasers.

Expert
Advice &
Training

Tel +44 (0)1202 770740
sales@lasermet.com www.lasermet.com
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Best Practice | IPL Efficiency

Running

on empty?
Mike Murphy asks, why don’t manufacturers
supply energy meters with their IPL systems?
measurements do not tell you how much energy is

Mike Murphy, B.Sc., M.Sc.(Bioengineering)
has been involved with lasers and IPL systems

Many clinics and salons throughout
the UK now offer IPL systems as part
of their daily service whether for hair
removal or the treatment of thread
veins, brown skin marks or facial
rejuvenation. They are now as routine
as facials, aromatherapy and nail
treatments even though they have
only been in the market for less than
10 years.

since 1986 when he worked with plastic
surgeons in the Plastic and Reconstructive
Surgery Unit, Canniesburn Hospital, Glasgow.
He is a physicist and was involved in clinical
research into the removal of vascular and

out, an IPL’s electrical and optical system may also
become less efficient over time. This will also affect
the power output.
The upshot of all this is that you may be under-treating
your clients. Have you noticed that some clients
appear to take much longer than others to achieve
a good result? This may be due to differences
between individual clients, but it may also be due
to your IPL system delivering lower than expected

But, how do you know if your system is operating

powers. In some cases your unit might be generating

at its best? If you don’t have an energy meter to

a power that is simply too low to destroy the germ

check it from time to time, you won’t! However,

cells in hair follicles.

pigmented lesions and tattoos using lasers and

many manufacturers do not supply such meters

was also the laser safety officer in the hospital’s

with their products – why not? Can you imagine

Simply put, this means that some clients are going

driving your car without a speedometer to tell

to need too many treatments while others may

you how fast you were going? Of course not!

never achieve good results. Either way, this is bad for

So why are we expected to use a hi-tech piece

business and your reputation.

laser unit. He has published a number of clinical
reports in peer-reviewed journals across the
world in both clinical and theoretical aspects of
laser/IPL treatments in skin. In the last few years
he has worked as an independent consultant in
both lasers and IPLs around the world.

of equipment without being able to check it is
working properly?
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What can we do about this? I have recently
come across a company based in Sweden

Every IPL system uses a flashlamp (or two) – this is

(www.photonova.com), which has just launched

where the light is generated. Essentially flashlamps are

an energy meter specifically designed to

highly engineered light bulbs. As with your domestic

measure the output of almost any IPL system. It

light bulb they wear out over time. The more you use

is called the EFM meter and this device can tell

it the less light it generates. So, after 5,000 shots the

you the energy density and the length of the

Can you imagine driving your
car without a speedometer to tell
you how fast you were going? Of
course not!
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reaching the skin!) In addition to the lamp wearing

lamp will likely not produce

pulse from your IPL unit. It is critical to know each

as much light as when it is

of these parameters to ensure safe and effective

new. After 10,000 shots it

treatments and to generate good, consistent

might be generating only

results ultimately.

50% of its original power, or
less. This means that you

As far as I know it is the only device on the market,

should increase the power

which can measure all IPL systems’ output. If

to your clients as the lamp

you want to be sure you are delivering the best

ages. But who does this? As

service to your clients, then I suggest you look into

far as I am aware, nobody. That’s because there is no

checking your system. Which brings me back to

way to measure the energy output of an IPL system

my original question – why don’t manufacturers

without using an energy meter. Ideally you need to

supply energy meters with their products? It seems

measure the power at the point of delivery – that is, at

obvious to me that they should. Or, are they trying

the part, which is in contact with the client. (Internal

to hide something?

special feature: Laser/IPL

n o ev i l
Mike Murphy on how the CE
Mark compares with FDA
approval for medical/cosmetic
lasers and IPL devices
There appears to be some confusion about FDA approval and how it compares
with the CE Mark in the cosmetic/medical arena. Many people in Europe
mistakenly believe that FDA approval is a ‘higher standard’ than the CE Mark.
Certainly, many manufacturers (particularly American suppliers and their
distributors) use this confusion to imply that their equipment is, somehow,
superior to the European-based competition. Hopefully this article will help to
shed some light on the subject.

Mike Murphy, B.Sc., M.Sc.
(Bioengineering)
Mike Murphy has been involved with lasers
and IPL systems since 1986 when he worked
with plastic surgeons in the Plastic and
Reconstructive Surgery Unit, Canniesburn
Hospital, Glasgow. He is a physicist and was
involved in clinical research into the removal
of vascular and pigmented lesions and
tattoos using lasers and was also the laser
safety officer in the hospital’s laser unit. He
has published a number of clinical reports in
peer-reviewed journals across the world in
both clinical and theoretical aspects of laser/
IPL treatments in skin. In the last few years he
has worked as an independent consultant in
both lasers and IPLs around the world.
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FDA Approval – What is it?

PMA submission

The FDA, or Food and Drug Administration, is a
US government body which “regulates companies
who manufacture, repackage, re-label and/or import
medical devices which are sold into the US market,
including lasers, IPLs, ultrasound and x-ray equipment”,
according to their web site.

A PMA submission is the most stringent type of device
marketing application required by the FDA. A device
manufacturer/supplier must obtain approval of its
PMA application before marketing the device into the
US market. Devices which require PMAs are Class III
products which are deemed to be of ‘high risk’ in that
they may pose a significant risk of injury or illness, such
as lasers or IPL units. The approval process for a PMA
is much more rigorous than a 510(k) submission (see
below) and must include clinical data to substantiate any
claims made by the manufacturer.
The evidence submitted to support a PMA must show
that the device is not only safe to use, but also effective for
its intended use(s). Hence, a PMA approval is an actual
‘approval’ which is based on clinical results.

Under the FDA’s classification system medical/aesthetic
devices are divided into three regulatory (risk) classes
- I, II and III. Devices are classified according to the
level of control necessary to ensure the safety and the
effectiveness of the device. Regulatory control increases
from class I to class III and these define the regulatory
requirements that must be satisfied before the device
may be sold on the open US market.
Under current regulations any electrical medical/
aesthetic device must be approved under either a
Premarket Approval (PMA) submission or a Premarket
Notification 510(k) (or, if it is a low risk device, it may
be classed as ‘exempt’).

Device Type

FDA Regulatory Requirements

Class I

‘Low Risk’ - may only require a 510(k)

Class II

‘Medium Risk ‘ - may only require a 510(k)

Class III

‘High Risk’ - requires a PMA approval

Premarket Notification 510(k) submission
A 510(k) submission is significantly different from a PMA in
that it merely requires the manufacturer to show ‘substantial
equivalence’ to a similar, existing device which is “legally in
commercial distribution in the US market”. It does not mean
that it has been FDA approved – it is essentially a paper
exercise. Indeed, some devices achieve a 510(k) against
another system which itself only has a 510(k).
Such a submission does not require clinical evidence to
substantiate its claims. However, some FDA reviewers may
request evidence, if they feel it necessary.

In fact, when a manufacturer receives a 510(k)
‘approval’ letter from the FDA they are specifically
instructed not to use the terms ‘safe’ or ‘effective’
in their marketing literature or web sites because
the FDA do not endorse such claims based on this
assessment. It is merely ‘substantially equivalent.’
Many US companies offer devices which have
a number of clinical claims to broaden their
market appeal. However, a 510(k) only requires
that ONE of these claims is actually met. This is
now commonplace within the US market, and,
consequently, internationally. Hence, a device which
claims to treat hair, blood vessels and pigmented
skin marks may actually have only been tested on
hair or blood vessels or brown skin marks, but not
necessarily all three.
Before a company is allowed to market a device in the
US under a 510(k) they must receive a written ‘order’
from the FDA which states that the device has been
‘cleared’ for commercial distribution in the US – it
does NOT mean that the device is ‘approved’ by the
FDA. Merely that it is ‘substantially equivalent’ to an
existing device.
Finally, a 510(k) submission may only take 90 days
to clear while a PMA submission could take six
months or more plus the time for clinical trials (which
themselves could take years.) This fact alone should
raise some concerns about any device cleared under
the 510(k) process.
I recently spoke to a very well-known American
investigator who does a lot of work for companies
seeking FDA approval for their equipment. His
words were that “they (the FDA) are all over the
place.” When asked what he meant he replied
that the process depended entirely on which FDA
official reviewed the submission. Often, under
a 510(k), one reviewer may just want to see the
specification sheet, while another may ask for
three or six months’ clinical results. However, he
did admit that the FDA are “becoming more hardnosed now.”
A conversation with an American medical laser
industry consultant confirmed these comments.
Recently, a report1 was published which
investigated the ‘recall’ rate on medical devices by
the FDA. The authors found that there had been
113 recalls in the period 2005 to 2009 based on
high risk devices which could ‘cause serious health
problems or death.’ Out of these 113 devices 71%
had been cleared through the 510(k) process
which indicates a serious, potential problem with
this particular route. Interestingly, 19% of these
devices had been processed via the PMA route
which is, perhaps, more worrying, since this is
supposed to be a much more rigorous process. (7%
were devices which had been considered ‘exempt’
from FDA regulation – and yet were subsequently

found to be dangerous.). The authors concluded
that a reform of the regulatory process should
be undertaken to ensure future safety of medical
devices. I would say that understatement is clearly
evident here.
Clearly, this shows that not all FDA ‘approvals’
are the same. While a PMA submission is more
stringent than the 510(k) process, it is obvious
that there is a significant efficacy and safety
(or device risk) difference between the two
procedures. In other words, ‘FDA approval’ in
itself is meaningless without further explanation
as to which type of ‘approval’.
In summary, FDA approval basically relates
to studies proving that claimed clinical results
of any device are shown to be statistically
significant (compared with the original state) and
that any side effects of the clinical procedure(s)
are “reasonable” and not life threatening.

CE Mark (Declaration of Conformity)
The CE Mark is a legal requirement for virtually
every product sold within the EU. Before any
medical/aesthetic product can be placed on the
European market they must meet the requirements
of the relevant EU product Directives. These
Directives are joint rules that have been put in
place to simplify trade to and between the member
countries of the European Union.  

The CE Mark has specific meanings
including the following:
1.

It is a manufacturer’s declaration that their
product complies with the required health and
safetyregulationsunderArticle100A,European
health, safety and environmental legislation,
known as the Product Directives;
2. The product may be legally placed into the
market of any EU country;
3. It shows users that the product meets the
designated minimum safety standards and a
minimum quality level
4. It allows for the withdrawal of non-conforming
products by customs or enforcement
authorities.
As with the American FDA system such products
are usually classified under the following scheme:
The CE mark means that a manufacturer is
satisfied that his product conforms with the

relevant Essential Requirements in the 93/42/
EEC Directives and that it is fit for its intended
purpose. However, they do not need to submit
clinical data to support their claims. It also
means that the product can be freely marketed
anywhere in the EU without further control.
Unlike the FDA processes, the requirements
of the CE Mark are clearly established in the
Directives. These are quite precise and minimise
the vagueness which appears to plague the
FDA processes. That’s not to say that the
CE regulatory process is perfect – there is
something of a grey area in the definitions of
whether a procedure is ‘medical’ or ‘cosmetic’.

The CE Medical Mark
The CE Medical mark is a requirement for all
medical devices used in ‘medical applications’
– this applies to most Class III products, but
not necessarily to the other classes. Regulations
dictate that extensive data from clinical
trials are provided as part of any submission
to support any claims. Any device used in
hospitals and similar clinical settings must have
the CE Medical mark to ensure no interference
with other life-sustaining equipment, such as
respirators.
Many medical and aesthetic devices fall into
the Class II category – these include lasers,
IPL and RF systems, ultrasound and similar
devices. Class II devices do not require clinical
investigation data to be provided as part of the
submission, but it is recommended that any
clinical claims are supported by a “compilation
of the relevant scientific literature.”
For example, an IPL system which is sold for hair
removal only is classed as a ‘cosmetic device’ and
therefore does not require the CE Medical mark
– the CE mark is sufficient. However, if the same
unit is used to treat haemangiomas/port wine
stains then it will be classed as a ‘medical’ unit and
hence require the CE Medical mark, since these
are judged to be vascular abnormalities. But,
the treatment of ‘thread veins’ is regarded as an
aesthetic procedure in many European countries
and hence there is no need for the CE Medical
mark.

Device Type

CE Regulatory Requirements

Class I

devices with low risk such as external
patient support products

Class IIa / IIb or
IPL devices

devices with medium risk such as laser

Class III

devices with high risk such as
cardiovascular catheters

Interestingly, the CQC no longer
requires registration (in England
and Wales, as of October 2010)
of IPL units used solely for hair
removal, while they do require
registration for devices used
to treat blood vessels.. They
do require registration for all
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CE Medical Mark

Equipment must satisfy EU medical
devices directive - clinical data
evidence required only for Class III
devices, but not necessarily for IPLs
or lasers.

Legally required for all ‘Medical
Devices’ sold within the EU – not
valid in the US.
Required for all hospital-based
electrical equipment

CE Mark

Equipment must satisfy general
EU safety Directives – no clinical
evidence required

Legally required for virtually
everything sold within the EU – not
valid in the US

Premarket
Approval (PMA)

Equipment must satisfy FDA
requirements including data to
support clinical claims

Required for distribution and use in
the US – not required in the EU

Premarket
Notification
510(k)

Equipment must be ‘substantially
equivalent’ to an existing device on
the US market

Required for distribution and use in
the US – not required in the EU

medical/aesthetic lasers used in England and Wales
regardless of their clinical applications (including
hair.).
However, light-emitting devices, such as IPLs
or lasers, can be granted the CE Medical mark
without clinical results being submitted during
the application process. Hence these systems are
not necessarily more reliable in terms of efficacy,
contrary to widely believed misconceptions.
In conclusion, what I am trying to say here is that
neither CE nor FDA approval guarantees that
medical/aesthetic equipment will deliver good
clinical results. They are essentially safety tests
with large variations in clinical efficacy. The main

“In conclusion, what I am trying
to say here is that neither CE nor
FDA approval guarantees that
medical/aesthetic equipment
will deliver good clinical results.
They are essentially safety tests
with large variations in clinical
efficacy”

difference is that medical/aesthetic devices cannot
be sold legally in Europe without the CE mark
while there is no legal requirement for any FDA
approval in the European markets.
So, when a salesman tells you his equipment ‘has
FDA approval’ be sure to ask him ‘is that a PMA or
a 510(k) approval?’ Because, as we now know, PMA
is a real approval with reference to actual clinical
results while a 510(k) is not. And, be absolutely sure
the equipment has the CE or CE Medical mark – it
MUST appear on the body of the equipment –
otherwise you could end up in serious trouble if
something goes wrong.

Summary of Regulatory Approvals
One final word of warning; many products are
now manufactured in China at a fraction of the
cost of EU-manufactured devices. I have learned,
via a manufacturer who has factories in Europe,
South America and China, that CE certification
may be easily ‘bought’ in China without the
proper requirements being met. A ‘real’ CE Mark
should show the identification of the Notified
Body – a company licensed to ensure compliance
with the Directives.
Since any importer into Europe bears responsibility
for the safety of their imported products, they should
satisfy themselves that their equipment truly does
meet the various Directives required under the CE
Mark. Otherwise they might get an unexpected
knock on their door one night.

REFERENCES
(1) Medical Device Recalls and the FDA Approval Process Archives of Internal Medicine, Vol. 171, No. 11, June 13,
2011
Note: The author has personal experience of 510(k) submissions to the FDA with medical lasers in the past.
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Voice of the Industry

The State
of Play
Mike Murphy airs his views on IPL Hair Removal

Light based hair removal has been around since the mid 80s when we first noticed that our
Q-switched ruby laser not only removed tattoos, but also vapourised surface hair. Back in
those days we were quick to point out to our patients that it would soon grow back (which they
generally wanted), as we had observed over the previous years.

L

Mike Murphy is a physicist/
bioengineer who has been
involved in medical laser research
since 1986 and in the commercial
sector since 1989. His original
research group developed the
scar-free removal of tattoos
by Q-switched ruby laser in
Canniesburn Hospital, Glasgow.
He now runs training courses on
IPL systems and aesthetic lasers
and their applications. www.
dermalase.co.uk

ater, when I started working with the world’s first IPL

out unwanted wavelengths which can lead to unwanted damage.

system from Sweden, we figured out how to remove hair

In fact, I know of one unit which outputs a significant amount of

on a more permanent basis – using longer pulses and

ultra-violet light which is potentially very hazardous! If you cannot

higher powers. Since then I have continued to work on improving

filter out unwanted wavelengths then you will inevitably end up

treatment applications with IPL systems by promoting the

destroying tissue structures that you want to leave alone such as

understanding of how these devices work in the skin – and why

blood vessels or epidermal melanocytes.

many of them do not! I have been asked many times by therapists
and business owners why they can’t achieve the results they see in

Thirdly, I have measured the energy output of a number of IPL

the glossy sales brochures. For too long the manufacturers have

systems through the years – all of them were under-spec. In other

been selling under-performing equipment for top-notch prices

words, they were indicating one output energy while delivering a

leaving the users and the clients high and dry.

lower energy which translates to poor results! This appears to be
commonplace throughout the industry. When challenged one

The most important way to ensure good results is by having

manufacturer told me that “their customers wanted to show higher

proper control over your system. Every client is an individual with

energies to their clients.” Of course, most manufacturers/suppliers

individual needs. Many commercial systems do not allow the user

do not supply a meter to check the energy output. Why not? The

the control they really need. There are three main points, which

fact that IPLs are regularly under-performing is the main reason

should be considered when thinking about IPL systems:

why so many people achieve poor results. Ask yourself this – would
you drive a car without a speedometer?

Firstly, to ensure good, consistent results it is imperative that the
‘correct’ system parameters are used. This means that the unit

It is time for a shake-up in the IPL industry. Too many manufacturers

should be able to output the required wavelengths, energies and

have been ‘hoodwinking’ their customers for far too long, resulting

pulse durations – only the right combination of these will damage

in dissatisfied users and clients. The regulatory bodies are a joke –

the follicle’s germ cells to a point where they are irreversibly

they do not manage the industry properly. The fact that the CQC

destroyed with no chance of re-growth. If your system delivers too

withdrew from regulating IPL hair removal in the beauty industry

low an energy or too short a pulse then the cells will remain viable

in October 2010 just proves this. The playing field is now wide open

and hair will grow back. If, however, the energy is too high or the

to any spiv who wants to ‘get on the bandwagon’ and start injuring

pulse too long then you risk too much damage in the surrounding

the public with a cheap, poorly designed, low-powered IPL to make

tissues. The user must also have a good understanding of what

a fast buck. I don’t remember the last time I heard of an inspector

they are trying to achieve and how to do that. Hence good training

checking a company’s devices to see if they matched the claimed

is essential to ensure good results.

specifications or if their units were clinically safe, if ever!
Until this happens people are going to continue to buy
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Secondly, you must be able to control the wavelengths coming out

substandard equipment and provide a substandard service to their

of your system. Some units on the market do not allow you to filter

clients – without knowing, till it’s too late!

INDUSTRY INSIDER

VOICE OF THE INDUSTRY

A question of
Mike Murphy asks who can we trust when it comes to business?

G

ood business is based on trust. We
must trust the manufacturers, engineers,
salesmen, distributors, trainers and all
the other people involved in the production and
sale of high-tech equipment. Our clients trust our
judgement when buying such equipment for their
treatments. Without this trust our lasers and IPL
systems are just expensive wastes of money.
So what happens when this chain of trust is
broken? Recently I became aware of a situation in
America which concerned me greatly (published on
theFairWarningwebsite).ACaliforniancompanyhad
been selling an expensive radio-frequency device
for ‘melting fat’ called the ‘Lipotron’. They had sold a
good number of these devices, at up to $85,000 each,
based on their claimed FDA clearance.
The device was described as “truly the only
non-invasive way to reduce fat” and was sold all
over the US. However, it turns out that the FDA
had not cleared that device for that application!
The company had submitted it for market
clearance (the 510(k) procedure – see “CE no
evil” - Cosmetic News, December 2011) but it
was rejected due to lack of data, despite repeated
requests from the FDA. Consequently the company
re-submitted the device as a ‘massager used for

as being ‘FDA cleared’. Consequently, there is
a lot of concern among clinics at this time. You
might assume that this could not happen here. You
would be wrong! This is not a new phenomenon
– for years companies have been claiming FDA
clearance for one treatment but then selling that
equipment for other treatments, which had not
been cleared. Some have been stopped from
selling, but only in the USA.
The FDA has no jurisdiction outside of the US –
just because they stop a company selling in the US
doesn’t mean they need to stop selling elsewhere. I
remember a US company, Thermolase Corp, who
were one of the first US companies to receive FDA
clearance in 1995 for laser-based hair removal.
After many complaints and a class-action lawsuit
(in 1998) they were instructed to stop marketing
their Nd:YAG laser for hair removal due to the
company’s false claims of “permanent, painless
hair removal”. They complied with this order in
their home market otherwise they would have been
breaking US law. But they continued selling the
same equipment for the same application outside
the US including Europe and Asia. While this was
not illegal it was completely unethical and they
were obviously lying to their overseas customers.

For years companies have been claiming
FDA clearance for one treatment but
then selling that equipment for other
treatments, which had not been cleared
the relief of minor pain’. Since this was described
as a Class 1 device by the company there is
no requirement for ‘clearance’ by the FDA and
therefore the company was allowed to market and
sell the device freely.
When the FDA were informed by a
whistleblower they began an investigation. At the
time of writing they have not stopped the free sale
of this device, even though it contravenes US law.
An FDA spokeswoman said that if a device is not
legally on the market, “a physician should not
have been able to obtain it, much less use it on a
patient.” This leaves a lot of users in a precarious
position. They had been duped into buying the
system and had delivered the treatment to their
clients, and many had even marketed the treatment
12 www.cosmeticnewsuk.com

Fortunately, by 2000 they had effectively come
out of the market. When we submitted our
Q-switched ruby laser for tattoo removal back
in 1991 we had to undergo 18 months clinical
trails in the US with a well-known US laser
dermatologist. Backed with data from our own
10-year clinical experience in Scotland we
finally achieved FDA clearance to market. But
then, we were a British company and we had no
choice but to comply with American law!
I recall having lunch with a well-known beauty
equipment supplier some years ago. I was asked
for my opinion on a new hair removal device,
which he wanted to launch. It was immediately
obvious to me that the device was completely
inappropriate for the task (due to insufficient

power). His reply was that the manufacturer was
a massive blue chip company with impeccable
credentials. While this was undoubtedly true the
device was still the wrong choice for hair removal.
Unfortunately my opinion was ignored and the
device was launched shortly afterwards. It was
recalled after a short time due to an increasing
number of angry buyers. The company’s reputation
was severely damaged as a consequence! I
remember thinking, at the time, that he was clearly
abusing the trust of his many loyal customers.
Conclusion – be aware when buying your next
piece of equipment. Ask yourself if you truly trust the
salesman, the supplier, the manufacturer and your
judgement. I always recommend potential buyers to
ask other users for their opinions on the equipment,
the results and the supplier/manufacturer. Other users
are your allies – they will, invariably, be more honest
than any salesman!
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Lasers and IPLs have been used to remove hair for a number of years with varying
degrees of success. The early days promised ‘permanent’ hair removal but this appears
to have been a pipe dream. In reality, the best many users can hope to achieve is ‘photowaxing’. This occurs when the light energy is absorbed by the hair leading to a little
localised heating. The hair is sufficiently damaged to fall out but a new hair will take its
place in due course – perhaps thinner, perhaps a bit weaker, but it is still there.
So why is this the case? Surely modern technology can
do the job properly? Well, I believe it can. But the laser/
IPL users need to understand what they are trying to do
and why. As do the manufacturers, which explains why
sometimes their training is not so good!
The light-tissue interaction is relatively straightforward.
If enough light is subjected to the right tissue for a long
enough period of time then the tissue proteins should
break down irreversibly. I think of this like cooking an
egg – if I want to boil it to perfection I need to have the
water in the pan at boiling temperature before putting
the egg into it. Once in it needs to cook for around four
minutes (for my taste). I know if I take it out too early it
will be undercooked and too gooey. If, however, I leave
I for too long it becomes too hard!
Treating tissue is exactly the same – we need to ‘cook’
the proteins for the correct length of time at the
correct temperature. There is an equation known as
the Arrhenius Rate Equation which tells us how this
process works. It’s a bit complicated but basically it
can be used to figure out the relationship between time
and temperature. In essence you can achieve the same
results with tissue for a range of temperatures and
times – high temperature and short times, or lower
temperatures with longer times.
The ultimate goal with hair removal is the irreversible
denaturation of the germ cell proteins. If this can be
achieved then the follicle will die and cannot re-grow –
hence permanent hair removal can be achieved. To do
this in the user requires a good understanding of the
above temperature/time relationship.
It also depends on the geometry and size of the hair
follicle – however the size of the hair itself is not so
critical, contrary to popular belief. In fact, smaller
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“The ultimate goal
with hair removal
is the irreversible
denaturation of the
germ cell proteins. If
this can be achieved
then the follicle
will die and cannot
re-grow – hence
permanent hair
removal can be
achieved”
diameters hairs require higher incident fluences than
thicker hairs! This is generally misunderstood in the
industry, and certainly by many manufacturers going
by their recommended parameters. This is one of the
reasons why so many users do not achieve good results!
Many systems currently on the market do not generate
enough fluence (energy density) or sufficiently long
pulses to ensure permanent hair removal. Even
stacking pulses on top of each other does not make
much of a difference in outcome, except that this
technique may increase potential dermal damage!
A good knowledge of these issues will help you to
choose the correct system for your requirements and
help to produce good, consistent results time after time.

CLINICAL

DEVICES/Cryolipolysis

The big
freeze
Mike Murphy asks if cryolipolysis
is the future of body contouring?
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ryolipolysis is a relatively new, non-invasive
procedure with the first published1,2 research
data appearing in 2008 in America. Since those
original studies the technology and results have improved
rapidly resulting in a number of commercial systems now
available.The first reports into this procedure revealed a
“grossly obvious loss of several mm of subcutaneous fat”
with “no clinical or histological evidence of injury
to skin, and no scarring.” Cryolipolysis is a relatively
straightforward process based on the principle that
human cells are susceptible to cold temperatures.
In particular, it appears that human adipose tissue
is preferentially damaged by exposure to very low
temperatures, compared with skin cells. A subsequent
inflammatory response, known as ‘cold panniculitis’,
along with a marked increase in macrophages appears to
be the main mechanism behind the removal of non-viable
adipocytes resulting in a significant improvement in the
body contour (fig. 1). The first devices used for this process
simply consisted of a flat, circular copper plate which
was gently pressed against the skin. While this method
produced some results they were not consistent, nor
particularly good. An improved device allowed a section

Figure 1:

Precisely controlled
When the fat cells
cooling is applied
are exposed to
through the skin
precise cold, they
targeting the
begin to crystalize,
fat layer.
deteriorate and die.
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For several months after
treatment the fat cells
continue to deteriorate,
and are naturally
eliminated from the body.

The removal of fat cells
from the targeted area
results in a natural
looking reduction
of the fat layer.

of skin to be sucked into a ‘cup’, using vacuum pressure,
which allowed for two cold plates to be applied on either
side of the skin/fat section (obviously, only those parts
of the body where the skin laxity allows such a procedure
such as the stomach, thighs and back). In addition, the
pressure was sufficient to minimise cutaneous blood flow
in that section of skin thereby reducing the heating effect
of the blood during the procedure.
Typical treatment temperature settings are typically in
the range -4 to -7°C applied for up to 60 min in order to
achieve thermal equilibrium in the treated tissue volume.
After an initial mild discomfort felt by the patient the
process is well tolerated by virtually everyone – indeed,
patients have been known to read a magazine or make
phone calls during the treatment! Over the period of the
treatment session the skin and fat layers lose heat to the
cold plates – hence their temperatures drop. Studies
indicate that, after a suitable period of time, the tissue
temperature between the plates can become nearly as cold
as the plate temperature. However, this does not result
in any significant damage to the dermis or epidermis in
humans3. Observations suggest that the freezing point
of cytoplasmic lipids in adipocytes is higher than that of
water. Hence the freezing process will result in ‘lipid
ice’ before the formation of water ice. Histological
studies1 reveal the presence of lipid crystals within the
adipocytes after the above procedure. To achieve this
there must be sufficient heat extracted from the lipid
such that the latent heat of freezing is induced resulting
in crystallisation. This, therefore, requires a suitable
low temperature being applied for a suitable time (the
opposite of thermally raising cell temperatures to achieve
protein denaturation, as in the removal of hair and blood
vessels). Hence, a level of selectivity is achieved since

Figure 2:

BEFORE
there is a significant difference in the freezing
temperatures of lipids and water! Consequently
this process is known as ‘selective cryolipolysis’
(similar to ‘selective photothermolysis’ for the
opposite process). Ultrasonic investigations
reveal a direct correlation between the level of
the cooling intensity and the measured reduction
in fat layer thickness. However, there may also
be an additional effect due to reperfusion. It is
known that fatty tissue is susceptible to injury
by reperfusion4,5, which will occur at the end of
this procedure when the cutaneous blood flow is
re-established. It may be that the combination of
lipid freezing and reperfusion damage is required
to successfully destroy the affected adipocytes.
This is still under investigation.
Further cell damage appears to occur as
a result of the inflammatory response posttreatment. This process may also damage those
cells which were not adversely affected in the
freezing process thereby increasing the total
volume of affected adipocytes. However, it was
noted that the epidermis and the dermis did not
suffer from any inflammation post-treatment
and that the blood vessels remained undamaged.
A study2 into the potential damaging effects
of cryolipolysis on nerve tissue found minimal,
transient problems in most patients with only
mild numbness and erythema lasting for up
to seven days post-treatment. However, these
mainly affected the pain receptors for up to
two weeks with no long term after-effects. The
researchers also observed minimal effects in
other tests including temperature sensitivity,
light touch stimulation, two-point discrimination
and a pin-prick stimulation. All of these effects
were resolved within two months following
the treatment. However, they also measured
an average of 20% fat reduction in the treated
areas at two months post-treatment and 25.5%
reduction at six months, thereby verifying the
original study results
Most healthy people may present for this
treatment but it is not recommended for obese
patients - it is not a weight loss procedure.
Rather, it is useful for fat contouring of those
hard-to-lose parts of the body such as ‘lovehandles’, thighs, the back and buttocks. A patient
may undergo a number of treatments in a single
session on different body areas. Results can be
expected to be visible within four to six weeks in
most cases. Multiple treatments can be applied
to patients after a suitable period, typically three
to six months.
References
Ref 1 – ‘Selective Cryolysis: A Novel Method of Non-Invasive Fat Removal.’ Dieter
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AFTER

As with most
treatments there are
some contraindications
including pregnancy,
circulation disorders,
diabetes, skin infections,
dermatitis, cold
urticaria, systemic
treatment with
The thickness of the subcutaneous layer may be reduced by an average of 20%
isotretinoin (e.g.
after 2–3 months, and even more after 6 months. Further reduction may be
Accutane, Roaccutane),
achieved with additional treatments.
cancer chemotherapy,
radiation therapy, steroid treatment, recent
a result the adipocytes shrink in size although
use of NSAID (Non Steroid Anti Inflammatory
they usually remain viable. As with cryolipolysis
Drugs) medication (since both these drugs
this technique delivers useful energy through
will increase the risk of getting severe
the overlying skin into the fatty layer. However,
bruises), Raynaud’s disease or other peripheral
unlike cryolipolysis or RF procedures this
vascular diseases. (Note: this
technique relies upon a mechanical breakdown
list is not exhaustive). Typical fees have been
of the adipocytes rather than a temperaturequotes at between £500 and up to £1500 per
induced reaction.
session depending on the area(s) treated.
Low Power Diode lasers – using a large
Patients may require up to three hours in a single
number (typically >30) of low level diode lasers
session if more than one treatment site is tackled.
outputting around 5 mW each this procedure
Follow-up assessment sessions are required at
claims to induce fat loss via a photochemical
three and six months post-treatment. In some
process. However, I cannot find any valid,
cases further treatment sessions on the same
peer-review clinical studies which support these
area can be carried out three months after the
claims in the literature6.
previous treatment.

A comparison between
non-invasive technologies
Cryolipolysis – Although this is a relatively
new procedure there are a small number
of backed by peer-reviewed clinical studies
available1,2,3. These reports clearly indicate a
demonstrable loss of fat in the treated areas
using both visual inspection and histological
evidence.
Radio-Frequency – This process uses
heat generated by low level currents to raise the
temperature of tissues. However, there is no
selectivity between the different cells hence all
cells respond similarly to the heating. Various
clinical studies report a range of results but
they all recommend a dieting/exercise regime
concurrent with the treatment. An advantage of
RF is its ability to tighten the skin by targeting
collagen.
Ultrasound – This technique has been
around for a few years and utilises high-intensity,
ultrasonic sound waves in an attempt to ‘alter’
the adipocyte membrane resulting in a release
of the triglycerides contained within. These are
then used as energy or excreted by the body. As
Ref 3 – ‘Clinical Efficacy of Noninvasive Cryolipolysis and Its Effects on Peripherial
Nerves.’ Sydney Coleman, Kulveen Sachdeva, Barbara Egbert, Jessica Preciado,
John Allison. Aesth Plast Surg (2009) 33:482 – 488.
Ref 4 – ‘Pressure-induced skin lesions in pigs: reperfusion injury and the effects
of vitamin E’, R. Houwing, M. Overgoor, M. Kon, G. Jansen, B.S. van Asbeck, J.R.E.
Haalboom. Journal of Wound Care, Vol. 9, Iss. 1, 01 Jan 2000, pp 36 - 40
http://www.internurse.com/cgi-bin/go.pl/library/abstract.html?uid=25939

In summary

Cryolipolysis body contouring is ideal for
removing limited amounts of body fat particularly
in the stomach area, flanks, thighs and back;
however, this cannot be considered a weightloss treatment; multiple treatment may be
required in some cases; the skin may be a little
numb immediately after the treatment and the
patient may lose some nerve sensation for a
few days post-treatment; erythema is likely for
a few hours post-treatment. The non-invasive
body contouring procedures usually require
little, if any recovery periods. In most cases the
patients can return to normal, daily activities
immediately after the treatment. My feeling is
that cryolipolysis offers the best, non-invasive
methods of body contouring, based on the
available clinical evidence. The side-effects are
minimal and not long-lasting while the benefits
are obvious. Compared with other therapies
cryolipolysis appears to be the ‘best’ option
available, with only the invasive laser lipo
procedure yielding better fat-loss results. If the
photographic evidence is to be believed I can see
this procedure becoming very popular in the UK
in the very near future.
Ref 5 – ‘Ischemia-reperfusion injury of adipofascial tissue: an experimental
study evaluating early histologic and biochemical alterations in rats.’ C
oban YK, Kurutas EB, Ciralik H. Department of Plastic Surgery, Medical Faculty, Sutcuimam
University, Kahramanmaras, Turkey. Mediators of Inflammation
(2005), 2005(5):304-308
Ref 6 – http://www.lidlift.com/blog/zerona-laser-research-review/ Dr Steinsapir’s critical analysis of the Zerona Diode Laser Lipo System
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N o P ain –
No Gain
Mike Murphy gives his View On laser and
light based ‘pain free’ hair removal

R

ecently I have seen more and more
hair removal systems claiming to be
‘pain-free’, particularly the homebased units. This always makes me
wince! It clearly shows that the manufacturers/
suppliers do not understand how light energy
destroys hair follicles.
The bottom line is – no pain, no gain! It’s as simple
as that. If your patient does not feel something
then nothing will happen. The reason for this is
due to simple biology. The dermis contains paintemperature nerves which register temperatures up
to around 45°C. Beyond that they send pain signals
to the brain to indicate excessive temperatures.

The zone of good results

TOO HOT
TEMPERATURE

UNDER
COOKED

ZONE OF
GOOD
RESULTS!

OVER
COOKED

TOO COLD
TIME

The mechanism behind hair removal is the
irreversible denaturation of the follicle germ
cells. If hair germ cells are exposed to a
temperature of 45°C they will need to maintain
that temperature around for 288 seconds
(just under 5 minutes) to ensure complete
denaturation of the proteins within. Only then
will the hair follicle die permanently.
The relationship is quite simple - successful
tissue reactions occur when the temperature
and time combination is right. In practice this
means the longer the pulselength the lower
the temperature required. For a 1ms pulse
you need to achieve a temp of approx. 81°C,
and for a 50ms you need approx. 69°C, to
achieve irreversible protein denaturation. (These
calculations assume a constant heating over the
duration of the pulselength.) The temperature
achieved within the tissues is dependent on the
energy density and wavelengths used.

I often refer to the ‘zone of good results’ (see
figure). This is the zone where the correct
combination of temperature and time occur
and, hence, good results should always occur.
As an example, think about boiling eggs. We all
know that to boil the perfect egg you need to
cook it at a suitable temperature for a sufficient
time. Cooking tissue is exactly the same – we
want to achieve the permanent denaturation
of the target’s proteins, without damaging the
surrounding tissues.
However, the problem is that patients generally
want a pain-free treatment. This can result in many
patients not returning for subsequent treatments.
The answer to this problem is proper skin cooling
during the treatment. The best way to achieve
this is by contact surface cooling using a sapphire
tip. Sapphire is four times more conductive than
quartz (which many IPL system use).
Proper contact cooling will draw out heat from
the dermis and epidermis much more efficiently
than air cooling or cold gel alone. As long as the
sapphire tip is sufficiently cold, I suggest around
5°C, then the pain can be successfully mitigated
while still achieving good results. Post-treatment
cooling is also a good idea. It helps to sooth the
patient’s skin and reduces erythema and oedema.
The bottom line is, if your patient does not feel
something during treatment by laser/IPL then they
will most likely not achieve the desired result. The
existing hair may fall out but a new one will grow in,
over time. The follicle will remain viable.
Sorry, but it really is a case of – no pain, no gain!

Mike Murphy is a physicist/bioengineer who has been involved in medical laser research since 1986
and in the commercial sector since 1989. His original research group developed the scar-free removal of
tattoos by Q-switched ruby laser in Canniesburn Hospital, Glasgow. He now runs training courses on IPL
systems and aesthetic lasers and their applications. www.dermalase.co.uk
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Laser safety – do you think you are safe?
BY MIKE MURPHY

The author explains the importance of proper qualifications and training to ensure
both patients and practitioners are protected.
Safety concerns
For those working with lasers, safety must
be everyone’s concern. We should all be
checking equipment and safety glasses
routinely, to ensure compliance with the
law and good practice. Especially Class 4
lasers! (Are your lasers ‘Class 4’? How can
you tell?) Safety not only includes the actual
laser or intense pules light (IPL), but also the
personal protective equipment, the delivery
system, the treatment room, the applied
protocols and the users’ training records.
However, there are other concerns which
are not so easily checked.
In the last couple of years there have
been growing concerns over the contents
of the plume which occurs during laser hair
removal. Studies in America have found a
list of toxic substances within these plumes,
including some carcinogens. There is no
evidence, as yet, that these substances have
infected any users or patients. But using
clinical masks and air extractions systems
are a good start to minimise potential
problems.
Likewise, the plume from CO2 laser
procedures involving warts and verrucae has
been shown to contain viable particles of
virus DNA. Unfortunately, there have been
cases where laser operators have developed
lesions, believed to have come from
inhaling those airborne particles. Again, air
extractors and masks will help minimise this
issue.
A few years ago I discovered that high
speed ink fragments fly out of the skin
during laser tattoo removal [1]. These
micron-sized particles are too small to
detect with the human eye, but they can
occasionally be felt as they strike the skin
of the operator. My report on my findings is
about to be published in the journal Lasers
in Surgery and Medicine (‘High speed ink
aggregates are ejected from tattoos during
Q-switched Nd:YAG laser treatments’ – DOI
10.1002/lsm.22817). There’s no evidence that

these high-speed fragments carry anything
contagious, but it is a possibility. Further
research is required. It appears that the best
way to minimise any such risk is to use the
glass slide technique, which physically stops
any flying debris in its tracks [2].
Then there are other concerns – ocular
safety. Class 3B lasers output between 5 and
500 milliwatts, while Class 4 lasers output
more than 500mW of power and both are
deemed to be potentially ‘hazardous’ to the
eye. Proper eye protection must be utilised
under the guidelines within BS EN 207:2017.
New work is currently underway on the 207
standard to make it truly ‘international’.
More recent regulations have come into
effect for eye protection when using IPL
systems – the BS ISO 12609 standard. Are
you sure your safety glasses comply with
these standards? If not, then please consult
a laser protection adviser (LPA).
Many imported lasers from China do
not come with the proper protective safety
glasses. Using these lasers without the
correct glasses risks both your own and your
patients’ eyesight. It’s not worth the risk

“Anyone, whether ‘qualified’ or not, can open a laser clinic
in the UK”

as your insurance company will not cover
any claim due to the use of improper safety
glasses. Your LPA should be able to advise
you. (Visit either LaserProtectionAdviser.
com or Rpa2000.org.uk for lists of UK-based
LPAs).
As I said at the start, safety is everyone’s
business. We all need to keep on top of it.
With that in mind, we should consider the
appropriate training, for all staff.

Insurance companies
Last year, at the Aesthetic Medicine meeting
in Manchester, I talked to representatives
from various insurance companies about
trends in their industry. They were all
concerned about the lack of appropriate
training in the aesthetics field, in general. In
particular, they were all very concerned with
treatments utilising Class 4 lasers.
Laser tattoo removal is very high in their
list of concerns. One company told me that
they no longer offered insurance cover for
this treatment because “there are too many
claims”. This sets a very bad precedent.
When I started the first commercial laser
tattoo removal clinic in the UK in 1989,
using a Q-switched ruby laser, we could only
obtain insurance from Lloyd’s of London.
Nobody else would touch us, because there
was no commercial experience of this
treatment in those days. Now, I fear that
such a situation might return, based on a
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huge amount of ‘bad’ commercial experience.
This is not good for anyone. It might start with laser tattoo removal
– who knows where it might end up if insurance companies become
more ‘picky’. The underlying problems are lack of regulation and
appropriate training.
Unfortunately, government regulations in this area are thin on the
ground. Anyone, whether ‘qualified’ or not, can open a laser clinic
in the UK. In some areas there is no need to be registered with any
authority. In other areas only those offering ‘medical’ treatments need
to be registered. (Hair removal by laser or IPL is consider to be ‘nonmedical’, as is tattoo removal, while removal of blood vessels, using
the same equipment, is ‘medical’! Why?)
At present, it appears that the insurance companies are trying to
drive up standards by demanding proper training and qualifications.
While this is a good thing, it does not deter those cowboys who are not
insured!

The benefits of ‘refresher’ courses
During my discussions with the insurance agents they all agreed that
refresher courses are a good idea. In fact, one company said they
insisted that all their laser / IPL users sat the ‘Core of Knowledge’
course every three years, to ensure that they were up to date. It is well
known that people ‘forget’ much of what they learn in training courses
over time, and especially if they do not apply it routinely.
We also discussed enhanced safety training for laser protection
supervisors (LPS). These are usually on-site staff members who
have undergone specialist laser safety courses. Two of these
companies expressed an interest in offering preferential premiums
to those clinics who employed qualified LPSs. They felt that having
such people around would reduce the risk of laser / IPL accidents
happening, and hence reduce claims.

Training, training, training!
Following the publication of a number of reports by Health
Education England (HEE), commissioned by the Department of
Health (including the Keogh report), HEE have set out a minimum
set of requirements for trainers in the non-surgical aesthetic
field. This is designed to provide a high level of training amongst
practitioners to ensure good practice and patient safety.
A new voluntary organisation has been established to assist
the public and practitioners to find properly qualified trainers and
operators – the Joint Council for Cosmetic Practitioners (JCCP).
They have set up a register of trainers who have satisfied their
entry criteria and offer a range of aesthetic courses which have
been accredited by authorised awarding bodies.
Another new organisation which works alongside the JCCP
and aims to improve standards and assist in the choice of
properly trained cosmetic practitioners is the Cosmetic Practice
Standards Authority (CPSA – cosmeticstandards.org.uk). Unlike
CQC requirements, which are mandatory, the JCCP and CPSA
are purely voluntary organisations set up to guide cosmetic
practitioners with ‘best practice’ guidelines.
Albert Einstein is credited with saying “Once you stop learning,
you start dying.” Continual training is not only good for the brain,
it is essential for business success. Apart from the obvious safety
and efficacy benefits, it keeps you up to speed and your mind
sharp.
Nobody wants to receive a lawyer’s letter claiming ‘negligence’
or ‘incompetence’ (I’ve been there! It is very unpleasant and
rather intimidating). Training and safety are essential in any
business, but particularly so when dealing with Class 4 lasers. If
you don’t know what a Class 4 laser is, you need training! If you
don’t know how to protect yourself, your staff and your patients
from a Class 4 laser, you need training. If you’re not sure…you
need training!
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The potential danger of surgical smoke or diathermy plumes generated by
electrosurgical, laser or ultrasonic devices has been highlighted with the launch of a
On the Scene: Black Skin
new association.
Directory Acne 101,
London
The UK Council for Surgical Plumes aims to raise awareness to both patients and
practitioners of the importance of measures to protect human health. Vapours, smoke, and
particulate debris produced during laser and IPL procedures to vaporise, coagulate, and cut
tissue are called plumes.
One 2016 study by Özcan İlçe et al. of 81 nurses and doctors performing electrosurgery
indicated that exposure to surgical smoke caused headache, eye watering, coughing, sore
throat, bad odours absorbed in the hair, nausea, drowsiness, dizziness, sneezing and
rhinitis.
According to association founders, physicist and bioengineer Mike Murphy and Dr Zambia
Kader, the evidence linking surgical smoke and harm to the human body should not be
ignored by practitioners.
Murphy said that an association exists in the US called the International Council on Surgical
which promotes the safe use of lasers and felt that there should be a UK-based equivalent.
He said, “We started this association to inform laser/IPL users about plumes – many users
have no idea that they are potentially hazardous. It’s important for non-surgical aesthetic
practitioners to understand that plumes can still exist outside of surgery when you are
using high energy machines, and the real problem is that people don’t know about this.”
Murphy added, “This is an important issue now, especially given that new research from the
US has found that some laser-generated plumes can contain quite nasty contaminants.”

Murphy stated that there are several methods practitioners can take to improve their
protection against plumes. “Practitioners should have fan extractors with proper ﬁlters,
proper ventilations in your treatment rooms for constant fresh air and ideally you and your
patients should wear masks N95 masks to properly ﬁlter nanoparticles,” he said.
According to Murphy, the UK Council for Surgical Plumes will have a membership option
and will also present lectures and training to help raise the awareness amongst those in the
industry.
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Resumption of Laser/ IPL skin services post COVID-19 lockdown- British
Medical Laser Association (BMLA) guidance document

Authored by Dr Vishal Madan for and on behalf of BMLA

As strategies to relax the COVID-19 lockdown that commenced in the UK on the 23rd March 2020 are
being discussed and implemented, many laser practitioners will seek to resume their services after a
period of 10-12 weeks.
This document specifically addresses challenges laser practitioners and clinic managers face while
reopening their clinics to offer laser and IPL services; taking into account that the reproduction rate
‘R0 number’ for transmission of COVID-19 is 0.7-1 at the time of issuance of this guidance.1
Several clinics offer a complement of aesthetic treatments of which lasers and IPL form a
component. As this document specifically addresses the challenges in resumption of laser/ IPL skin
services, the reader should refer to general guidance/ publications issued by other organisations
such as the Joint council for cosmetic practitioners on commencing non-laser treatments and nondermatological laser/ IPL services.2,3
Pre-treatment screening
Proper pre-treatment screening should substantially reduce the risk of contact with symptomatic
patient displaying the commonest signs and symptoms of COVID-19 infection such as high
temperature, new and persistent cough, loss or change to sense of smell or taste.4 Until such time
that antibody testing becomes routinely available, all patients attending for laser treatments should
be presumed COVID-19 positive.
Excluded from this document are precursory checks and screening of potential patients for signs of
COVID-19, general and COVID-19 specific hygiene in clinic reception etc. which are covered in detail
elsewhere. 2,3
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1. RISK ASSESSMENT: LASERS, AEROSOLS AND COVID
Aerosols are particles of respirable size generated by both human and environmental
sources and that can remain viable and airborne for extended periods in indoor air.5
The SARS-CoV-2 virus which is the causative agent of COVID-19 pandemic is thought to
spread mainly from person-to-person through respiratory droplets produced when an
infected person breathes, coughs, sneezes or talks. Infection with SARS-CoV-2 occurs
primarily by inhalation of aerosolised virus or secondarily by contact with droplets and
contaminated fomites such as garments, instruments, and furniture.
SARS-CoV-2 virus has a size of 0.06-0.14µm with mean size of 0.1µm.6 During a sneeze or a
cough or while talking, “droplet sprays” of virus laden respiratory tract fluid, typically greater
than 5 µm in diameter, impact directly on a susceptible individual. Alternatively, a
susceptible person can inhale microscopic aerosol particles (droplet nuclei) consisting of the
residual solid components of evaporated respiratory droplets, which are tiny enough
(<5 µm) to remain airborne for hours, particularly in enclosed spaces with poor or no
ventilation.5
Lasers and intense pulsed light (IPL) treatment of tissues generates plumes and aerosols
which include both combustion and non-combustion-generated products including tissue(s),
gases, particulate materials, steam and carbonised material (smoke). All ablative and nonablative laser procedures can generate potentially hazardous plumes.
In a recent study, gas chromatography-mass spectrometry of plume during laser hair
removal showed presence of 377 chemical compounds comprising of suspected carcinogens
and environmental toxins.7 Ablative laser generated plume has been shown to contain intact
human papillomavirus DNA, viable bacteriophages and viable human immunodeficiency
virus.8 Similarly, micron-sized tattoo ink particles potentially contaminated with aerosolised
blood products have been detected following laser tattoo removal.9
Results of polymerase chain reaction (PCR) and viral RNA testing for SARS-CoV-2 from blood
samples of most patients with COVID-19 infection have been negative and viraemia is very
uncommon.10 This is an important finding which should reassure practitioners that the risk
of viable SARS-CoV-2 in aerosol generated from laser treatments of asymptomatic COVID-19
patients should be very low. As of date, no studies looking at SARS-CoV-2 viral RNA on intact
skin or hair follicles or the effect of laser treatments on viral particles have been published.
For this reason all laser treatments should be considered potentially COVID-19 aerosol
generating procedures (AGP) and all necessary precautions should be followed.
Based on the above, and until such time that evidence to the contrary is available one could
assume that the main route of COVID-19 infection in laser/IPL procedures remains patient
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generated respiratory aerosol but still consider laser generated plume/aerosol as potentially
infective.

2. RISK MANAGEMENT
A. General hygiene and enhanced infection control procedures: In any setting, hand
hygiene remains the most important defence against spread of COVID-19. Practitioners
should also focus on surface decontamination procedures. These form the basis of
reduction of virus transmission. Guidance regarding this is freely available.3,4
B. PPE- Personal protection equipment comprise of face masks, gloves, gowns/aprons,
face shields and caps. Barrier precautions such as masks and respirators are regarded as
the last line of defence against viral transmission secondary to hand washing and other
hygiene measures. In the case of laser/IPL treatments, proper eye protection is
imperative and should not be ignored. Resources detailing correct methods of donning
and doffing of PPE are freely available.11
Face masks and Respirators
Face masks protect against aerosol spread from inside out. They are tested in the
direction of expiration (from inside to outside). They offer minimal protection to the
wearer from inhalation of droplets. Face masks can simply be classified as surgical and
non-surgical. Surgical masks worn by the practitioner protect the patient and the
environment (air, surfaces, equipment, surgical site). If worn by patients, they prevent
contamination of the patients’ surroundings and environment. Standard surgical masks
offer no protection to the practitioner undertaking laser procedures. If available, surgical
masks or 3 ply cotton masks should be offered to patients undergoing non facial laser
procedures.
Filtering facepiece respirators (FFP), which are sometimes called disposable respirators
protect from aerosol inhalation. FFP are tested in the direction of inspiration (from
outside to inside). The tests take into account the efficiency of the filter and leakage to
the face. FFP are subject to various regulatory standards around the world. FFP2 and
FFP3 conform to EU standard EN149:2001. The FFP3 standard is often considered
broadly equivalent to the US N99 standard and Chinese KN99 standard. The FFP2
standard is often considered broadly equivalent to the US N95 standard and Chinese
KN95 standard.
Respirators are often more comfortable for the wearer when fitted with a
valve exhalation feature, but this feature has the effect of elevating wearer safety over
that of patients and others in the vicinity, and therefore is generally discouraged. 12
3
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The World Health Organisation recommends that health care workers should wear a
particulate respirator at least as protective as a N95/ FFP2, or equivalent, when
performing aerosol generating procedures on patients suspected or confirmed of being
infected with COVID-19. 13
The BMLA also recommends that until proven otherwise, all patients should be
considered suspected of being infected with COVID-19. All practitioners should wear
N95 respirators as a minimum when undertaking any laser or IPL procedures. This
should in addition be complemented by a reusable cleanable face shield. For all
above-clavicle procedures, where risk of exposure to patient generated respiratory
aerosol is higher; where available, FFP3 respirators should be used instead (Chart 1).
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Practitioners should be fit-tested for all respirators and should receive PPE training
comprising of proper hand hygiene practices, correct fit, donning and doffing to avoid
cross-contamination.14
Concerns about availability and costs of respirators should be taken into account. Unlike
surgical masks which are single use (3-8 hours maximum); FFP can be reusable or
disposable. While the BMLA does not recommend extended use or reuse of disposable
FFPs; when availability is an issue and, if unavoidable, it may be possible to extend the
life of single use FFPs. The use of reusable, cleanable face shields may enhance the life of
single use FFPs. Thorough decontamination and safe storage of FFP is incumbent upon
the user and is beyond the scope of this guidance. Practices ranging from UV radiation
(260 – 285 nm), 70ºC dry heat, 70% ethanol and vaporized hydrogen peroxide (VHP) can
reduce SARS-CoV-2 on N95 respirator with VHP treatment exhibiting the best
combination of rapid inactivation of SARS-CoV-2 and preservation of N95 respirator
integrity.15,16
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C. VENTILATION
As the SARS-CoV-2 spreads mainly through aerosol and as particle aerosol (<10 microns)
remain airborne for long durations in the laser treatment room and adjacent rooms;
adequate ventilation is important to ensure appropriate air handling, containment and
evacuation of contaminated air.17
Standard in-room air cleaners alone are not effective at protecting staff and preventing
the spread of COVID-19. A HEPA (high-efficiency particulate air) filter uses mechanical
filtration to remove airborne particles greater than or equal to 0.3μm in diameter at a
minimum 99.97% efficiency and such filters are used in vacuum cleaners and in office
buildings air management systems. Used alone, they are not adequate for medical
practices.
ULPA (ultra-low particulate air) filters offer up to 99.9995% efficiency on particles down
to 0.12 μm. ULPA filters in air filtration systems and ductless fume hoods may help
drawing in the airborne drops to capture and remove most of them from the airflow.
Where possible, air conditioning units should be serviced and set at exhaust to extract
air from the room to outside the building rather than in air circulation modes. If required
air filters should be replaced in line with device manufacturers’ recommendations.
Negative-pressure rooms help control the spread of airborne-transmitted infections in
health care facilities such as hospitals, but will not be readily available in high street
clinics. If available, laser treatments should ideally be undertaken in negative pressure
rooms.12

D. SMOKE EVACUATION SYSTEMS
Smoke evacuation systems are useful to reduce aerosol & plume generated during laser
procedures but should be considered as an adjunct to hand hygiene, PPE and adequate
ventilation. Laser smoke evacuation systems should have sub-micron filtration
capability. Several smoke evacuation systems exist in the market but all offer certain
common features such as ULPA filters and minimum flow rate of 25 cfm (cubic feet per
minute) with variable flow rate to accommodate various levels of smoke.
Some devices offer multistage filtration to ensure adequate removal of all contaminants.
Charcoal filter comprises of activated charcoal which absorbs gas and vapour. It helps in
elimination of strong-smelling gases such as those released from laser hair removal. The
optimised primary HEPA filter collects over 99.9% of all vaporised tissue and secondary
ULPA filter removes solid and biological particles down to 0.01 µm.18,19
It is important that smoke capture device (e.g., smoke evacuation pencil capture port,
tubing) is positioned as close to the surgical site as possible to effectively collect all
traces of surgical smoke. It has been shown that when the smoke extraction tip is moved
6
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only 2cm from the treatment area, up to 50% of the particulate matter escaped into the
local environment.20,21 Used smoke evacuator filters, tubing, and wands must be
handled using standard precautions and disposed of as biohazardous waste.22
Smoke evacuation systems should be serviced as per manufacturer’s recommendations
to ensure that they function at maximum efficiency.

E. LASER EQUIPMENT AND TREATMENTS
Prior to resuming clinical services, practitioners much endeavour to switch on the lasers
to check for any faults that may be addressed in good time. Additionally, as the
lockdown has lasted for well over 10 weeks, it would be prudent for practitioners to
spend some time for reorientation with laser protocols.
As SARS-CoV-2 can persist on inanimate surfaces such as metal, glass or plastic for up to
9 days, cleaning of laser equipment, display unit, hand pieces, guiding tips, patient
goggles and practitioners’ laser eyewear should be meticulously decontaminated after
every treatment and as per manufacturer’s recommendation.23 SARS-CoV-2 is efficiently
inactivated by surface disinfection procedures with 62-71% ethanol, 0.5% hydrogen
peroxide or 0.1% sodium hypochlorite within 1 minute. Practitioners must refer to
manufacturers- issued COSHH advice to ensure safety of use of these products on laser
equipment.23
Although COVID-19 is not known to transmit through skin, pre-treatment skin cleansing
should be meticulous as per local guidelines to reduce aerosolisation of the virus, if
present on treatment site.
Additional measures can be employed to reduce the aerosol generation during laser
treatments. To avoid the excessive dispersal of aerosol and plume during laser
treatment, wherever possible, positive cold air flow used during laser treatments for the
purpose of skin cooling should be substituted by alternative methods such as gels and
disposable ice packs, which should in turn be appropriately disposed of as clinical waste
and sapphire tips thoroughly cleansed post-procedure. It has been demonstrated that
cold sapphire skin cooling with gel suppresses plume during laser hair removal.24
Similarly, use of hydrogel packs or cling film can reduce tissue splatter and aerosolisation
during laser tattoo removal. 25
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Summary








Aerosols can carry viruses – these can be generated by coughs, sneezes
and talking.
Laser/IPL procedures may also generate aerosols.
All patients should wear surgical masks (or similar) when in the clinic.
All laser/IPL operators should wear FFP2/N95 or FFP3/N99 respirators
during treatments, preferably with face shields.
High efficiency smoke evacuation systems should be used to reduce
plume generated during laser procedures.
All equipment and work surfaces should be decontaminated between
procedures.
Good air ventilation should be used to clean the air between patients.
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Disclaimer
Dr Vishal Madan and the British Medical Laser Association (BMLA) make no guarantee or
warranty as to the accuracy or completeness of any information published herein.
Dr Vishal Madan and the BMLA disclaim liability for any injury to persons or property or other
damages of any nature whatsoever, whether special, indirect, consequential or compensatory,
directly or indirectly resulting from the publication, use of, or reliance on this document.
In issuing and making this document available, Dr Vishal Madan and the BMLA are not
undertaking to render professional or other services for or on behalf of any person or entity. Nor
are Dr Vishal Madan and the BMLA undertaking to perform any duty owed by any person or
entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining the
exercise of reasonable care in any given circumstances.
Dr Vishal Madan and the BMLA have no power, nor do they undertake, to police or enforce
compliance with the contents of this document. Nor do Dr Vishal Madan and the BMLA list,
certify, test or inspect products, designs, or installations for compliance with this document. Any
certification or statement of compliance with the requirements of this document shall not be
attributable to Dr Vishal Madan and the BMLA and is solely the responsibility of the certifier or
maker of the statement.
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We know that one of the drawbacks of IPL
treatments is the relatively large area of the
output couplers (glass tips). These can be up to
around 6cm squared, while many targets may be
significantly smaller. This results in large areas of
skin surrounding the targets also receiving high
energy bursts, leading to potential tissue damage.
This article explores a new masking technique,
which I have trialled, that allows for higher fluence
and longer pulse widths in the treatment of
angiomas and small pigmented lesions – I have
called it the ‘hole in a stick’ technique.

Masking technique overview
I sought to find a way to minimise the adjacent tissue
damage that occurs during IPL treatment by masking
off those areas during treatments. To do this, I chose
standard wooden spatulas, typically found in many
clinical facilities, and drilled a hole near one end. I
thought wooden spatulas would be safe to use, are
easily accessible, and would mask the required area
well. Originally the hole was 3mm in diameter, however
this proved to be too small for locating targets and
clinical outcomes, so I tried 4mm (Figure 1). This size
proved more successful.
Physicist and bioengineer Mike Murphy
Firstly, as standard protocol, a small amount of cold
water-based gel was applied to the target area for skin
presents a new masking technique for
cooling. The spatula was then positioned over each
treatment of angiomas and small pigmented
lesion individually. The IPL glass tip was then placed
lesions using IPL
on the wooden spatula, so that most of the glass is
touching the wood (Figure 1). A single shot was then
Photothermal treatments using intense pulsed light (IPL)
fired. In my 20 years of experience in IPLs, I have found that you can
systems may be used to effectively remove hair, vascular and
achieve better results using higher fluences and longer pulses than
pigmented lesions without damaging surrounding tissues.1,2,3
described in manufacturer guidelines. Therefore, I decided to apply
However, I have noticed that many IPL users do not utilise
a fluence of 41J/cm2 with an envelope pulse width of 94 milliseconds
sufficient energy densities or pulse widths to successfully destroy
over the wavelength range 500 nm to 1200 nm. The aim of this was
the target tissues. Consequently, these practitioners then achieve
poor clinical results and conclude that IPL isn’t as effective at
treating these concerns as lasers.

Treating
Pigmented Lesions

In my 20 years of
experience in IPLs, I
have found that you can
achieve better results using
higher fluences and longer
pulses than described in
manufacturer guidelines
Figure 1: A 4mm hole is drilled onto the
spatula, which is placed against the skin.
The IPL output tip is positioned on the
wood so that only the skin under the
hole is exposed to the light energy.

Figure 2: After only a few shots
(typically around five to eight) the
water content of the wood is greatly
reduced by the heat energy, resulting
in carbonisation of the wood.
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to maximise absorption by haemoglobin and
melanin.4,5
It should be noted that such high energy
densities will inevitably cause the wood
to carbonise within just a few pulses.
This is quite evident with a burning smell
and obvious marks on the wood surface
(Figure 2). Therefore, to minimise this issue,
I decided to soak each stick in water for
at least 30 minutes prior to use. I find this
allows for a few more shots on the wood
before carbonisation begins. These pulse
trains were distributed over five sub-pulses
with a duration of 10ms each and a gap
of 11ms between each sub-pulse. This
pulse train was chosen to generate the
required fluence while minimising thermal
losses during the pulse envelope. Both the
fluence and pulse width were measured
using an IPL meter designed for this
purpose.

Results
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Before

After

Figure 3: Brown pigmented spots and angiomas treated with IPL light energy at 41 J/cm2 and 94ms. The
smaller angiomas and pigmented spots cleared after only one session, while the larger lesions required
two. No unwanted side effects were reported by the patient.
Before

After

Figure 4: A number of pigmented and vascular lesions on the stomach area, before and after one treatment

I have carried out a small amount of tests on sessions at 41 J/cm2 and 94ms.
a number of body areas using this masking
technique on a Fitzpatrick skin type II Caucasian 55-year-old female
Disclaimer: As the fluence and pulsewidth used in this technique are
patient, where small benign pigmented lesions and angiomas were
greater than most manufacturer guidelines, practitioners’ should use
treated (Figure 3 & 4). The patient noticed a ‘slight nipping sensation’ their clinical expertise and judgement. This procedure should only be
with each energy pulse, but reported no long term or undesirable
performed by experienced practitioners.
effects. A small amount of oedema and erythema were noted shortly
Mike Murphy is a physicist and bioengineer with 34
after, as would be expected following such a treatment.6 These
years’ experience in medical lasers. He started Dermalase
typically subsided within 24 hours. Other skin areas were also tested
Ltd in 1989 to launch the QS ruby laser into medical
and yielded similar results with no unwanted side effects. If such
markets in the US, EU and Asia. Murphy is currently
the general secretary of the Association of Laser Safety
a masking technique is not employed in these treatments, then
Professionals, is a Certificated Laser Protection Adviser and is registered
unwanted tissue damage is likely in the adjacent skin areas including
as an LPA with Healthcare Improvement Scotland. He has published
blistering, bruising and swelling.1,6,7 I find that the level of pain is also
more than 25 articles, reports and papers in peer-reviewed medical laser
significantly higher since many more nerve receptors are stimulated
journals and trade publications.
by the heat energy.
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due to poor skin cooling, since smaller areas are exposed to the
and Selectivity after Treatment with Intense Pulsed Light in Capillary Malformations. Actas
light energy. In my experience, using higher fluences coupled with
Dermosifiliogr. 2015. doi:10.1016/j.ad.2015.10.006
longer pulse widths, the probability of a successful clinical outcome 4. Anderson RR, Parrish JA. Selective Photothermolysis : Precise Microsurgery by Selective Absorption
of Pulsed Radiation. Science (80). 1983;220(4596):524-527.
is enhanced.7
5. Babilas P, Shafirstein G, Bäumler W, et al. Selective photothermolysis of blood vessels following

Summary
The ‘hole in a stick’ technique allows for a higher level of energy input
into the skin without inducing excess damage. It’s a very useful and
inexpensive way to mask off unwanted IPL light energy when treating
skin conditions. My trials have allowed for a much more targeted
treatment of small, discrete lesions with higher fluences and longer
pulse widths than might normally be used. Applying such fluence/pulse
width combinations, without a mask, may likely damage the adjacent
skin, with no benefit. It’s important to note that the fluence and pulse
width needs to be higher and longer than standard manufacturer
protocols. If standard protocols are used, then practitioners are unlikely
to see good results. Clinicians should be highly experienced in the use
if IPL devices before attempting. Comparative clinical studies would be
useful to confirm these initial findings.

6.
7.

flashlamp-pumped pulsed dye laser irradiation: In vivo results and mathematical modelling are in
agreement. J Invest Dermatol. 2005;125(2):343-352. doi:10.1111/j.0022-202X.2005.23773.x
Moreno-Arias GA, Castelo-Branco C, Ferrando J. Side-effects after IPL photodepilation. Dermatologic
Surg. 2002;28(12):1131-1134.
Marayiannis KB, Vlachos SP, Savva MP, Kontoes PP. Efficacy of long- and short pulse alexandrite
lasers compared with an intense pulsed light source for epilation: A study on 532 sites in 389
patients. J Cosmet Laser Ther. 2003;5(3-4):140-145.

Reproduced from Aesthetics | Volume 7/Issue 3 - February 2020

S Y
IC R !
ET T N
H EN O
ST S SO
D
AE AR ES
S
AW L O
C

VOLUME 7/ISSUE 8 - JULY 2020

Photoageing and
Skincare CPD
Dr Priya Shah explores the causes and
topical treatments for photoaged skin

Innovations in
Photoprotection

Mr Paul Banwell details
the latest research
and evidence in
suncare products

Skin and
Blue Light

Dr Aileen McPhillips
discusses the impact
of blue light on skin and
how to advise patients

Generation
Marketing

Duncan Stockdill
recommends how
to reach customers
of all generations

@aestheticsgroup

@aestheticsjournaluk

Aesthetics

aestheticsjournal.com

Understanding
Laser Plumes
Physicist and bioengineer Mike Murphy explores
the evidence of surgical plumes following laser and
IPL treatments and explains how practitioners can
ensure operator and patient safety
The potential issues associated with lasergenerated plumes have been known since
the 1960s when lasers were first applied to
treat human tissue.1
‘Plumes’ and ‘aerosols’ are collective names
typically used to describe the air contaminants
following laser and intense pulsed light
(IPL) treatment of tissues. They include both
combustion and non-combustion-generated
products including tissue(s), gases, particulate
materials, steam and carbonised material
(smoke).2,-5 Plumes are generated as a result
of imparting high energy light onto tissues –
regardless of which type of laser or IPL system
is used. Even ‘non-ablative’ systems can
induce plumes, and evidence indicates that
standard clinical parameters are sufficient to
generate potentially hazardous plumes. The
evidence is quite clear – there is always some
level of risk when using high energy lasers
on tissues.1,2,3 The concern around plumes
arising from laser/IPL treatments has been
highlighted and presented as an issue in the
US for five decades since it was first raised in
1967,1 yet it is rarely discussed here in the UK.
Given the potential hazards such plumes may
generate, especially in the current climate
of COVID-19, I feel it is important to raise the
awareness of this problem amongst all laser/
IPL operators.

Clinical evidence through the
decades
Concerns around laser/IPL plumes were
first raised in 1967 by Hoye et al. when
they noticed airborne particulate matter
following treatment of tumours with a
Nd:YAG laser.1 At the time, there was no
direct evidence that such plumes posed
a health risk. Tomita et al. (1981) described
the mutagenetic effects of viral particles in
the plumes generated by both lasers and
electrocauterisation, showing that the method
of release of these hazardous particles into
the atmosphere is not important.5
In 1988, Garden et al. analysed the plume
generated during CO2 laser irradiation of
plantar and mosaic verrucae and found

smoke, vapourised tissues, steam and
particulates including some intact cells.2
Until this study it had been thought that
this laser destroyed any viable tissues or
viruses. In 1988, Garden found intact human
papillomavirus (HPV) DNA in the plume in
two out of seven patient treatments, using
standard clinical laser parameters. They
found that even with power densities of up
to 38,200W/cm2 there was still evidence of
intact viral DNA in the plume, regardless of
the laser mode (pulsed, continuous, focused
or de-focused). Clearly, the evidence shows
that there is a real risk of cross-infection from
plumes generated during laser procedures.
A report by Hallmo and Naess (1991)
discusses a 44-year-old laser surgeon who
presented with laryngeal papillomatosis
with the conclusion that he had contracted
the HPV virus from treatment of anogenital
condylomas using a 100W Nd:YAG laser.6
This occurred even though he was
wearing conventional masks, gloves and
laser eye protection glasses. A ‘standard’
smoke evacuator was also used during
the procedures. Ziegler (1998) found that
aerosols generated by Er:YAG lasers applied
to recombinant retrovirus cell lines contained
‘infectious viruses, viral genes or viable cells
and may promote the spread of infections or
tumour cell dissemination’.7
A later study by Garden (2002) found viable
bacteriophages, in addition to viable human
immunodeficiency virus and HPV particles in
laser plumes.3 Another study by Mihashi et al.
showed that when the smoke extraction tip
was moved only 2cm from the treatment area,
up to 50% of the particulate matter escaped
into the local environment.4
In addition to biological materials in
electrosurgical plumes, other evidence
indicates the presence of noxious chemicals.
In 2003, Barret and Garber found benzene,
butene, formaldehyde, hydrogen cyanide,
phenol and many other substances in
the plume following treatments such as
electrocautery, ultrasonic scalpel tissue

New COVID-19 laser/IPL guidance
With my assistance, and the support of Dr Godfrey Town, the British Medical
Laser Association (BMLA) has released new guidance for COVID-19 titled ‘Clinical
Guidance for Laser Procedures during the COVID-19 Pandemic’.12 This guidance
highlights the importance of Personal Protective Equipment (PPE) to avoid
contamination. The guidance states, ‘Until such time that evidence to the contrary
is available, one could assume that the main route of COVID-19 infection in laser/
IPL procedures remains patient-generated respiratory aerosol but still consider laser
generated plume/aerosol as potentially infective’. I recommend all practitioners
become familiar with the new guidance.
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US – National Institute for Occupational Safety and Health standards

FFP1

•
•
•

Minimum filtration – 80%
Maximum leakage – 22%
May be used as a ‘dust’ mask

Class N

‘Non-oil’ meaning that it must be used in an environment where no oil-based
particulates are present in the atmosphere.

FFP2

•
•
•

Minimum filtration – 94%
Maximum leakage – 8%
Used as protection against influenza viruses

Class R

Means that the mask is resistant to oil-based particulates for eight hours.

FFP3

•
•
•

Minimum filtration – 99%
Maximum leakage – 2%
Protects against very fine particles such as asbestos

Class P

Indicates that the mask is oil proof.

Rating:

These ratings apply to Classes N, R and P:

95

Filters out at least 95% of particles down to 0.3 microns in size

99

99% filtration down to 0.3 microns

100

99.97% filtration

Table 1: Standards for respirators in the EU and US.13-16

dissection and laser tissue ablation.8 Higgins
presented an interesting report at the
American Society for Laser Medicine and
Surgery (ALSMS) Boston meeting in 2016
where she presented a similar list of noxious
substances found in the plume following
laser hair removal.9 Anyone who has been
involved in the removal of hair using either
laser or IPL systems can’t have failed to
notice the strong smell of contaminants in the
atmosphere.
A 2016 report by İlçe et al. detailed the
hazards of exposure to plume arising
from electrosurgery including headaches,
coughing, nausea and drowsiness in 81
medical personnel.10
My own findings in 2018 showed that
micron-sized particles of tattoo ink leave
the skin at high velocity during laser
treatments. While these ink fragments may
not pose a biological threat in themselves,
some of these particles fly through blood
vessels, thereby potentially picking up
contaminants in the blood.11 Although there
has been no specific tests conducted,
it is safe to assume that standard cotton
surgical facemasks would not be effective
in stopping these high-speed fragments.

Safety and Health Administration clearly
indicates that surgical masks used to
prevent contamination of the patient are
not certified for respiratory protection
of medical employees.13 In other words,
standard surgical masks may not be
suitable personal protective equipment
(PPE) against laser-generated plumes,
in many cases. Surgical masks are
essentially disposable, lightweight paper
tools designed to protect patients from
caregivers. They are only effective for
between three and eight hours and
offer very little protection to the wearer
against airborne infectious agents, such as
viruses.14
Given the current COVID-19 pandemic
we have all become aware of the wide
variety of face masks available. However,
it is important to understand which masks
provide the correct level of protection
against small air-borne particulates.
It is also important to differentiate between
‘masks’ and ‘respirators’.13,14,15 Masks are
essentially designed to prevent the wearer
from contaminating patients, while respirators
are PPE designed to prevent the inhalation of
smoke, gases and biohazards.

Protection against plumes

Surgical masks: these are medical devices
designed to prevent
transmission of
water droplets from
the wearer to the
Plume awareness associations
environment. These
The US has an established organisation called the
devices are tested for
International Council on Surgical Plume, which is a nonbacteria filtration in the
profit clinical advocacy organisation with a membership of
direction of exhalation
more than 150,000 healthcare professionals and colleagues
– from inside to the
through professional societies and organisations.19 To help
external environment.
raise awareness to both patients and practitioners of the
importance of measures to protect human health locally,
Respirators: are
myself and my colleague, Dr Z Adam Kader recently
disposable or refounded The UK Council for Surgical Plumes.20
useable medical

The evidence clearly shows that laser/IPL
plumes must be considered as a biohazard.
Appropriate measures must, therefore, be
taken to protect the laser/IPL operators and
their patients. These include gloves, gowns
or scrubs, appropriate masks, high flow rate
suction systems with good filtration and
proper training in their use.
Masks and respirators
Standard surgical masks have been
found to effectively prevent transmission
of particles larger than five microns in
size.8 However, the US Occupational

devices tested in the direction of inhalation
– from the outside environment to the
wearer’s respiratory system. They are
designed to minimise transmission of
unwanted particulates, including bacteria
and viruses, to the wearer’s respiratory
system. They must be properly fitted to
ensure efficiency. Note that some respirators
come with an optional exhalation valve to
reduce resistance to exhaled air (for the
comfort of the wearer).13-16
In Europe, all respirators must comply with
the European Standard EN 149:2001 +
A1:2009 with three classes of disposable
particulate respirators – FFP1, FFP2 and
FFP3.14 In the US, respirators must comply
with the NIOSH Standard and include
N95, N99 and N100 classes.15 The types of
respirators are outlined in Table 1.13-17
Appropriate protection for surgical plumes
To protect the practitioner, well-fitting
respirators that are at least FFP2 or N95 are
required (or FFP3/N99 in areas of intense
plumes or high viral loads).13-16
Smoke extraction equipment in clinics
Use of appropriate smoke extraction
equipment is critical and includes those with
high-efficiency particulate absorbing (HEPA)
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filters. Such filters are designed to remove
99.97% of ‘particles’ larger than 0.3 microns
from the air – according to the Standard
EN 779:2012.18 They must also be properly
used, otherwise it can give both patients and
operators a false sense of security. HEPA
filters can be cleaned but frequent changes
of the filters should be carried out to ensure a
sufficiently high suction flow rate.

Conclusion
It is a mandatory legal requirement for safety
glasses to be worn by both practitioner and
patient when using laser/IPL equipment.17
I believe that other PPE should also be
mandatory for protection against laser/IPL
plumes. Based on the evidence, it should be
always be assumed that the laser/IPL plume is
infectious with potentially dangerous viruses,
and other pathogens, and appropriate
measures should be taken to minimise crossinfections.
Note: This article has been repurposed from
an upcoming book by Mike Murphy titled
‘Lasers & IPLs in Medicine and Aesthetics’. It
is due to be published as an e-book in the
near future.
Mike Murphy is a physicist
and bioengineer with 34 years’
experience in medical lasers.
He started Dermalase Ltd in
1989 to launch the QS ruby laser
into medical markets in the US, EU and Asia.
Murphy is currently the General Secretary
of the UK Council for Surgical Plumes and
General Secretary of the Association of Laser
Safety Professionals, is a Certificated Laser
Protection Adviser and is registered as an LPA
with Healthcare Improvement Scotland. He
has published more than 25 articles, reports
and papers in peer-reviewed medical laser
journals and trade publications.
Qual: B.Sc., M.Sc., LPA
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and singing, or via evaporation, generating
aerosol particles. These are easily carried
on air and thermal currents and can be
distributed around a room in a short time,
creating an invisible ‘cloud’ of virus-laden
droplets (Figure 1).5

Reducing Viruses
in Clinic Air
Physicist and bioengineer Mike Murphy explains
how to reduce the presence of viruses in your
clinic’s air through UV light energy
The COVID-19 virus is in the air. It has long been known that the common cold and the flu are
more readily caught during the winter months. This is because people tend to stay indoors for
longer periods compared with the warmer months. It is also because the virus ‘sits’ on aerosols
in the air that we breathe if there is an infected person shedding viral particles nearby.1
The possibility of COVID-19 cross-infection through aerosols has been discussed since March
2020.2 Authors have pointed out that this method of transmission appeared to explain some
infections in Mongolia and Wuhan, where direct, physical contact had been ruled out. They
also indicate that other research has proven that the SARS-CoV-1, MERS and H1N1 viruses
are known to spread via aerosols, as supported by other authors.3 Influenza viruses and
rhinoviruses are also well-known to spread via aerosols.1
The well-established case of the Diamond Princess, a cruise ship that was docked in Yokohama
in March 2020, appears to show how easily an aerosolised virus can spread. 712 people
became infected on that ship, even though many were quarantined in their cabins. Cruise
ships employ ventilation, but they do not routinely use high efficiency
particulate absorbing (HEPA) filters, which are discussed below.
With the new UK COVID-19 variant becoming more prominent in the
UK, which is more infectious than its predecessor, it’s more important
than ever to consider your clinic’s air quality.4

It is known that viruses may be contracted
through mucosal areas – nose and mouth –
and conjunctiva – the eyes.6,7 Consequently,
we should not only wear masks to minimise
exhalation of virus particles, but also eyewear
to minimise contracting viral particles through
our eyes. Even ordinary spectacles will offer
some barrier to airborne particles.8,9
A very interesting study looked at the
importance of respiratory droplet and aerosol
routes of transmission from ‘seasonal’
coronaviruses (this study was carried out
before COVID-19 emerged), influenza and
rhinoviruses.10 They measured the amount
of exhaled respiratory virus particles from
246 infected patients, half of whom were
wearing face masks, while the other half
were not.
They found that patients with influenza were
more than twice as likely to exhibit fever
symptoms and temperatures greater than
37.8°C, compared with coronavirus and
rhinovirus patients. They also observed that
coronavirus patients coughed much more
than the other patients, thereby increasing
the likelihood of generating virus-laden
aerosols.
However, their most important observation
was that coronavirus patients who did not
wear face masks generated detectable
respiratory droplets and aerosols from their
exhalations. Those patients who did wear
face masks generated virtually no detectable
coronavirus-laden respiratory droplets or
aerosols. This clearly indicates the vital
importance of wearing face masks to reduce
the spread of the COVID-19 virus.10

How viruses enter and stay in the air
Bioaerosols – aerosols containing potentially hazardous biological
materials – may contain components in the size range 1 to 5 microns.
Expelled saliva droplets created through speech, coughing or
sneezing may be mostly between 1-5mm (1,000-5,000 microns), but
these generally fall to the floor, and other surfaces, within a short
distance of the exhaler, typically 1-2 metres.1 These may contain viral
particles which can remain active on surfaces for days, particularly
hand-sanitising equipment.5 However, smaller droplets carrying virus
particles can form either during exhalation, simple speech or shouting

7-8 metres

Figure 1: The amount and distance of saliva droplets ejected during a sneeze
is significant. Droplets can travel up to 8m from the source and aerosols are
formed at the same time, which can fill a room over a short time.
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Direction of airflow:
Microdroplets containing virus

Air filtration
(HEPA/ULPA)
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Ultraviolet
light

Direction of airflow:
Microdroplets containing virus

Figure 2: UVC devices have been used to destroy airborne contaminants such as viruses and bacteria for years

The same conclusions were made following
a meta-analysis of 172 observational studies
from 16 countries.11 This report, in The Lancet,
found that the wearing of face masks
‘could result in a large reduction in the risk
of infection’, with a higher protection level
with respirators (N95, FFP2 etc.). They also
noted a lower level of infections when eye
protection was also used.
There are many other publications which
highlight the increased infection rates
associated with aerosols.12-16 Lu et.al. found
that the peak of infectivity of COVID-19
occurred one day before symptoms
became obvious and that around 70% of
all viral transmissions occurred during the
incubation period, which had a median of
around 11.5 days.17 This suggests that most
people are being infected by carriers who
are unaware they have the virus, and before
they exhibit any fever symptoms such as high
temperatures.

Understanding infectious dose
‘Infectious dose’ is an important parameter.
This is the average number of viral particles
needed to infect a person. Infectious dose is
related to the concentration of viral particles
in the air (and on surfaces). Clearly, the viral
concentrations are higher in smaller rooms,
or when there are more people in a room,

rooms with poorer ventilation, and if more
time is spent in a room (assuming an infected
person is, or has been, shedding in that
room). The infectious dose for COVID-19 is
likely to be “In the region of a few hundred
or thousand particles,” according to
microbiologist Professor Willem van Schaik of
the University of Birmingham, England.12
Many people often confuse ‘infectious
dose’ with ‘viral load’. Viral load is the
concentration of virus in the blood, not the
air, and determines the progression of an
illness in individuals, but a person with a
‘high’ viral load is more likely to shed more
viral particles.12
A report from Ryan et.al. indicates that
‘medium’ to ‘high’ doses of SARS-CoV-2
can result in severe illness, while a
relatively low dose may, or may not, induce
illness.18 They also found that low doses
of the virus typically resulted in a milder
level of symptoms, compared with the
higher doses. This clearly indicates that
minimising potential exposure is paramount
in reducing the probability of developing
any symptoms.
The same results were found in an earlier
study of the influenza virus.19 The authors
found a clear relationship between the
infectious dose of influenza and the final
outcomes of patients. People exposed

to ‘high’ doses were much more likely to
become ill, compared with those that only
received a relatively small dose.
Swedish scientist Per-Arne Torstensson
has calculated that around 80-90% of all
COVID-19 infections probably result from
inhaling virus-laden aerosols, thereby
increasing the need for a comprehensive
approach to reducing such risks.20 This
calculation is supported by research from
Australia.21
It has long been known that ordinary
breathing and speech can result in the
exhalation of a large amount of aerosol
particles.22 In fact, a 10-minute conversation
with an infected, asymptomatic (or presymptomatic) person, speaking normally,
can generate an invisible ‘cloud’ of
around 6,000 aerosol particles, which are
potentially virus-laden. These particles will
distribute throughout a room within minutes
and may linger for many hours if there is no
attempt to clean the air.22
The newly discovered mutated COVID-19
strain, first identified in England in late
2020, is around 70% more transmissible,
according to UK government authorities.4
This is likely due to infection occurring
from a lower infectious dose than with the
previous strain. A recent article looked
at the spread of COVID-19 in 10 of the
largest cities in the US, using computer
modelling. They found that more than
80% of infections likely occurred in
restaurants, bars, gyms, cafés, hotels and
religious establishments – locations with
high densities of people. It is most likely
that many of these places do not employ
good ventilation/filtration and/or ultraviolet
cleaning (UVC) systems.23

Cleaning the air in your clinic
To reduce the risk of infection from airborne
viral particles we need to ‘clean’ the air. Apart
from using a simple air-spray containing
an anti-viral solution, this may be done in a
number of ways.
Increased ventilation
As mentioned, colds and the flu spread much
more readily in the winter months because
we all spend much more time indoors or
in enclosed spaces with closed windows
i.e. much less ventilation than during the
warmer months.24 As a result, we breathe
in more contaminated air, resulting in more
infections. However, we don’t really want to
open windows when it might be near freezing
outside, so this may not be the first option in
many situations!
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Particles will distribute throughout a
room within minutes and may linger
for many hours
Filtration systems using HEPA/ULPA filters
A simple way to reduce air contaminated with
unwanted airborne particles is with the use of
appropriate filtration systems. High efficiency
particulate absorbing (HEPA) and ultra-low
particulate air (ULPA) filters can filter airborne
particles down to 0.3 microns with a 99.95%
efficiency in Europe (99.97% in the US),
and 0.1 microns with a 99.999% efficiency,
respectively.25 These are standard issue in
many hospitals and ‘clean room’ facilities
but are not routinely used in many clinical/
aesthetic settings.
To illustrate the effectiveness of these
filters, the 10-minute conversation
generating 6,000 aerosol particles,
discussed earlier, would be reduced to less
than two particles with a HEPA filter and
zero particles with an ULPA filter.
Even floor-mounted, portable air filtration
systems would add an extra layer of
protection. However, the filters need to be
removed and disposed of as ‘infectious
clinical waste’ since they are potentially
very hazardous, as they may contain
significant numbers of active viral particles.
Such systems appear to be relatively
easy to source and the cost varies from a
few hundred pounds to many thousands,
depending on size and requirements.
Ultraviolet light cleaning
UVC light is composed of high-energy
photons which are not particularly safe for
tissues since they can alter cellular DNA/RNA,
leading to mutagenicity.26 Consequently, high
intensity UVC light should not be openly used
routinely in the same space as humans, or
any other living creatures.
A recent study has demonstrated very
clearly that the use of far-UVC (207-222 nm)
can effectively increase disinfection rates
in ‘typically ventilated’ rooms by a factor
of between 50-85%.27 This suggests that
rooms should be cleansed by UVC light
while empty – perhaps overnight when
those rooms are not usually occupied (see
Figure 2). Alternatively, ‘self-contained’ units
which do not allow the light to spill out into
the local environment may also be used. A
Danish company has developed such units

called the Sanispace device, which draws
room air through a sealed unit and may be
active continuously, even while the room
is occupied. Other systems include the UV
CleanLight, Energi Vac and the Woodpecker
units. Such units might be ideal for clinical/
aesthetic settings where relatively high
numbers of people may ‘pass through’ each
day. At the time of publishing, these units vary
between around £500 and £3,000 per unit.
Various floor-mounted devices are also
available from around the world, but many
of these are not suitable when people are
present, since they output high doses of
potentially harmful UVC into the environment.
Examples of such systems include the VioUV
device from the US, and the Camlab unit
or the Germiled device, both from the UK.
Again, such systems range in price from a few
hundred to a few thousand pounds.
‘Upper room’ UVC systems have been in
wide use for many years. These units are
typically placed at a height of two metres or
higher and emit UVC in an upward direction
to create a high-intensity zone in the upper
part of a room, while minimising the dose
in the lower part of the room, which may be
occupied.28
UV light has proved useful in the reduction
of active coronaviruses in the air and on
surfaces.28,29,30 One study reports that
hospitals in China have been instructed to
run UVC lamps for one hour, three times a
day, every day.8 The author recommends
that increased ventilation, even via open
windows, more sunlight and that UVC
lamps should be routinely used in hospital
settings. Recently, the University Hospitals
of Derby and Burton have installed ‘robotic’
UVC devices which autonomously roam
through wards, theatres and corridors,
during quiet times.31
Dr Ewan Eadie of the University of Dundee,
has stated, “UVC is proven to inactivate
viruses and bacteria and has been used
for the past 90 years for this purpose.
When deployed appropriately in the ‘realworld’ it can significantly reduce the risk of
transmission from airborne viruses.”32
The evidence is clear that UVC is an excellent
method for deactivating coronaviruses. While
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the above procedures may not remove viral
particles completely, they can reduce the
infectious dose significantly, which can only
be a good thing.

Help reduce the spread
The simplest, most effective ways to reduce
cross-infection of this virus are to wear a
mask, at all times, and avoid crowded places
(including public transport, sporting events
etc.) until vaccines are widely available. Do
not stay indoors where the risk of contraction
is greater for any longer than absolutely
necessary. The science is very clear on
this. The Chang report clearly shows that
crowded places such as cafés, restaurants,
supermarkets and gyms, are all ‘high risk’
locations – this is simply because the air in
such places is laden with virus particles on
aerosols with poor ventilation.23
Aerosols form while breathing, speaking,
singing and shouting. These aerosols can ‘sit’
on air currents for hours in poorly ventilated
rooms. The air must be removed and/or
cleaned using filtration, air sprays containing
airborne anti-viral agents and/or UVC light.
Asymptomatic and pre-symptomatic people
can shed viable virus unknowingly for days
before symptoms become obvious, if at all.
Quite frankly, detecting a fever temperature
in a carrier is too late – that person may well
have been shedding the virus for days. New
protocols should be introduced into clinics
to reduce virus-laden aerosols and the
probability of infecting patients/clients.
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