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I INTRODUCTION

This report gives the results of a two-year study to determine the
lowest radiant exposure levels at which the first observable reactions occur
on human skin exposed to electromagnetic radiations emitted by normal mode
and Q-switched ruby, Q-switched neodymium-glass, carbon dioxide, argon and
neodymium-YAG laser devices. The principal goal of the study was to establish
the 50 percent p-obability dose for such minimal reactions observed one-hour
post-exposure. Such minimal radiant exposure levels are defined, for the
purpose of this report, as the fifty percent probability dose for minimal re-
actions, and are designated as HRDSO (Minimal Reaction Dose, 502 probability).

Since the development of the laser in the early 1960's, considerable
effort has been made to determine the various biologic effects of the intense
coherent radiation emitted by these devices. Most of this effort has been
expended to determine the ocular effects. Only a few limited studies have
been made to establish, in a2 quantitative way, the levels producing reactions

(1)*

in skin. Early studies by Goldman and Rockwell established preliminary

values for MRD levels of human Caucasian skin for the normal mode and

(2)

Q-switched ruby laser, the argon laser and the carbon dioxide laser. Xuhn'™’,

et al determined the reactive dose of pig skin (both pigmented and non-pigmented)
(3)

following normal mode ruby laser exposures. Brownell ~°, et al established the

minimal erythemal dose (MED) of pig skin following carbon dioxide laser exposure.

*References listed at the end of the repo.:.



(4)

Parr has reviewed this early work and discussed its influence upon the levels
chosen for various laser safety standards. It is of note that Parr indicated in
his review the available skin exposure data "has been meager and has dealt
mostly with catastrophic types of damage."

williams(s)

, et al studied the effects on human skin of Q-switched
ruby and neodymium, argon and carbon dioxide laser radiation. These experiments,
however, yielded only minimal quantitative data which was not useful for MRD
evaluations,

Goldman and Rockwe11(6)

have previously discussed the influence of
skin pigmentation on the absorption efficiency of laser radiation. As they
revieved, one technique to determine the relative absorption of radiant energy
in human tissues is the use of reflectance spectroscopy. This method, which has

been previously documented in detail by Kuppenheim(7)

using standard non-
coherent sources and reflectance measurement equipment, is based upon the theory
that all of the radiant energy incident upon the skin which is not directly
absorbed - or internally scattered and absorbed - will be backscattered and can
be detected by a reflectance spectrophotometer. Hence, a measure of the back-
scattered radiation can yield a first order quantitation of the total absorbed
radiation.

This present study attempts to quantitate the radiant exposure
levels at which minimal reactions occur in human skin at one-hour following
exposure to laser radiation. In an effort to quantitate the influence of skin

pigmentation, reflectance spectrophotometry was done prior to exposure on each

subject in the general area of the arm of the subjecc which was irradiated.



Also, to provide the extremes of pigmentation, both Negro and Caucasian subjects
were chosen for each laser system,

Prior to each exposure session, the radiant exposure of the laser (as
measured at the exit of a standard 1.05 cm aperture) was calibrated as a function
of a monitor system. In this manner, the exposure levels on the skin could be
reproduced from subject to subject during the session,

The skin reaction data was obtained by examining the areas exposed at
five minutes, one-hour and at 24 hours. In general, the five-minute reaction at
a glven radiant exposure level served as a guide in determining whether more
exposures should be given at increased radiant exposure levels. In general, a
very mild erythematous reaction at five-minutes will probably fade at one-hour,
This level would represent the lowest level to be used. A definite well demarcated
erythematous reaction on the skin at five-minutes will probably be present at one-
hour. This would, therefore, represent the highest level of exposure. There
were many exceptions to this approximation which are evident in the data of
individual patients.

At one-hour, each area exposed was again examined and photographed.

The number of "reactions" (this could be erythema, papules, blanching, ashen char, etc)
were determined at each exposure level. A similar examination was done at 24

hours post-exposure. This data, expressed as a percentage of the reactions

observed at each exposure level, was plotted on probability paper and the radiant
expusure at the 50 percent probability level was taken as the MRD50 level.

In some cases, due to a limited number of suitable volunteers, a
given subject was exposed to a different laser radiation on the arm not previously
treated. In some limited cases, areas of the same arm previously treated were

treated a second time with a different laser radiation, but at no time was an area



of a given subjact exposed to a second form of laser radiation if there was any
observable lesion or effect in that area from a prior laser exposure or trauma
of any other nature.

Once the data was compiled, an effort was made to quantitate the

MRDSO levels with the magnitude of absorption in the subject at the laser vave-

length in question., As a result, data is presented which would allow one to

estimate MRDSO levels for subjects of a given absorption level.

The MRDSO levels obtained were also compared with existing values

for permissible exposu - uf the skin in the ANSI-Z-136.1 Standard on Safe Use
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ITI EXPERIMENTAL PROCEDURES

The Laser Systems

The following sections will detail the experimental aspects of the

quantitation for the six (6) laser systems used in the study.

1. Normal Mode Ruby Laser

a,

Laser Characteristics

1. Type: Ruby (12"x5/8" solid crystal)

2. Make: Spacerays

3. Model: No. 5000

4. Operation: Pulsed: 2.5 msec nominally

5. Wavelength: 694.3 nm

Delivery

The beam from a normal-mode pulsed ruby laser was partially {ocused
by a long focal length lens (FL=571 mm) on a 1.05 cm hole in a metal
diaphragm placed 1130 mm from the lens. As a result, the size

of the large laser beam (2.4 cm) was reduced and the beam passing
through the hole has a nearly uniform beam cross-section. In this
way, a nearly uniform radiant exposure is presented to the skin
surface. The basic arrangement is shown diagramatically in

Figure 1.

Calibration

A beam-splitter arrangement interposed between the laser and the

focusing lens allowed for a monitored measure of laser performance.
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The beam-split-beam, after a reduction in intensity by glass
absorption filters, was directed onto a FW-114 biplanar photo-
diode. The output from this device was electronically

integrated and fed into a peak detector circuit. The integrated
peak was monitored on a Keithley 610 Electrometer Voltmeter and
provided a direct voltage measure proportional to the total pulse
energy. The readings of this device were then calibrated as a
function of the energy passing through the hole in the metal
diaphragm as measured by a Hadron-TRG cone calorimeter and
Keithley Microvolt meter, The radiant exposure (J/cmz) passing
through the diaphragm was then calculated and this data was
plotted as a function of the monitor reading. The overall
experimental setup is shown in Figure 2.

Patient Preparation

The patient's arm was then mapped into 25 small sectors such as
shown in Figure 3. Five idertical doses at each of five different
radiant exposures were presented in this matrix, The irradiated
areas were examined at five-minutes, one-hour and at 24 hours.
Presence of any visible reaction (erythema, papules, etc.) in the

area was recorded as a reaction.



FIGURE 3 - MATRIX MAPPING OF ARM (PRE-LASER-EXPOSURE)



2. Argon Laser

a.

Laser Characteristics

1., Type: Argon Ion

2. Make: Spacerays

3. Model: No., 5600

4, Operation: CW with 1.0 sec shutter

5. Wavelength: 488-514 nm

Delivery

The beam from a continuous wave ai'gon laser was directed onto
a 1.05 cm hole in a metal diaphragm placed approximately four
meters from the exit mirror of the laser. As a result of the
large beam divergence (2mrad) the size of the laser beam at
this point was larger than the aperture and the beam passing
through the hole presented a more nearly uniform beam cross-
section, In this way, a nearly uniform irradiance is pre-
sented to the skin surface. The basic arrangement is shown
in Figure 4,

Calibration

All exposures were limited to 1.0 seconds by an electronic
shutter interposed in the beam. A beam-splitter arrangement
interposed between the laser and the aperture allowed for a
monitored measure of laser performance. The portion of the
beam reflected by the beam-splitter, after a reduction in
intensity by glass absorption filters, was directed onto a

FW-114 biplanar photo-diode. The exposure was electronically
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integrated and fed into a peak detector circuit. The
integrated peak was monitored on a Keithley 610 Electro-
meter Voltmeter and provided a direct voltage measure
proportional to the total exposure energy. The
readings of this device were then calibrated as a
function of the energy passing through the hole in a
metal diaphragm during each 1.0 sec exposure as
measured .y a Hadron-TRG cone calorimeter and Keithley
microvolt meter. The radiant exposure (J/cmz) passing
through the diaphragm was then calculated, and this data
was plotted as a function of the monitor reading. The
overall experimental setup is shown in Figure 5.

Laser charge levels were then selected which yielded

radiant exposures ranging from 0.9 to 10 J/cm2 at the



3. Carbon Dioxide Laser

a., Laser Characteristics
1. Type: Carbon Dioxide
2, Make: American Optical
3. Operation: CW, with 1.0 sec shutter
4, Wavelength: 10,600 om

b. Delivery
The beam from a carbon dioxide laser was directed onto a
1.05 cm hole in a metal diaphragm placed approximately
two meters from the exit mirror of the laser. The beam
is directed to this point by reflections from five elbow
joints in an articulating arm arrangement. As a result
of the large beam size, the laser beam at this point is
larger than the aperture. The laser operates at a high
order mode distribution and presents a relatively
uniform irradiance on the skin surface. The basic
arrangement is shown diagramatically in Figure 6.

c. Calibration
All exposures were limited to 1.0 seconds by an electronic
shutter interposed in the beam. A CRL Thermopile was
interposed in the laser beam prior to exposures and
allowed for calibration of the laser performance. The
stability of the laser performance was sufficient to
eliminate the need for continuous power monitor. Exposure

energies were obtained by measuring the power passing
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through the aperture and then calculating the energy
which would pass for a 1.0 second exposure. The
radiant exposure (J/cmz) passing through the diaphragm
was then calculated.

Laser control settings were then selected which
ylelded radiant exposures ranging from 0.6 to 2.9 J/cm2

at the diaphragm.
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4.

Neodymium-YAG Laser

C.

Laser Characteristics

1. Type: Neodymium-YAG solid crystal

2. Make: Holobeam

3. Mndel: 2500-2 (200 watt CW)

4, Operation: CW with 1.0 sec shutzer

5. Wavelength: 1060 nm

Delivery

The beam from a continuous wave neodymium-YAG laser was
directed onto a 1.05 cm hole in a metal diaphragm placed
approximately one meter from the exit mirror of the

lzser, As a result of the large beam divergence from
this laser, the size of the laser beam at this point

was larger than the aperture, and the beam passing
through the hole presented a nearly uniform beam cross-
section. In this way a uniform irradiance is presented

to the skin surface, The basic arrangement is shown
diagramatically in Figure 8.

Calibration

All exposures were limited to 1.0 seconds by an electronic
shutter interposed in the beam. The system was calibrated
by using a CRL Thermopile Detector to measure the total
exiting power directly from the laser. The laser perform-
ance was sufficiently stable to allow an interposition

method to relate the output level at a given set-level of

15.
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the power supply.

At a given set-level, the CRL head was interposed into
the beam path to give a monitor reading. The shutter
was then closed and the thermopile removed. The readings
of the thermopile were then correlated to the total
radiant energy passing through the hole in the metal
diaphragm during each 1.0 second exposure. The energy
was measured by a Hadron-TRG cone calorimeter and Keithley
Microvolt-meter. The radiant exposure (J/cmz) passing
through the diaphragm was then calculated and this data
was plotted as a function of the CRL Thermopile "monitor"
reading. The overall experimental setup is shown in
Figure 9.

Laser charge levels were then selected which yielded
radiant exposures ranging from 20 to 80 J/cm2 at the

diaphragm.
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5. Q-Switched Ruby Laser

C.

Laser Characteristics

1. Type: Ruby (7"x9/16" solid crystal)

2. Make: Spacerays

3. Model: 1010QDC2 - Oscillator-amplifier

4, Operacion: Pockel cell Q-switched laser pulse @ 75 nsec
5. Wavelength: 694.3 nm

Delivery

The beam from a Q-switched ruby laser was directed onto a
1.05 cm hole in a metal diaphragm placed approximately
1,5 M from the end of the laser rod. As a result, only
the central portion of the divergent laser beam passed
through the hole with a relatively uniform beam cross-
section. In this way, a nearly uniform radiant exposure
is presented to the skin surface to be irradiated. For
some exposures, glass filters were interposed in the
beam to allow for lower radiant exposure levels. The
basic arrangement is shown diagramatically in Figure 10,
Calibration

A beam-splitter arrangement interposed between the laser
and the diaphragm allowed for a monitored measure of laser
performance. The portion of the beam reflected from the
beam-splitter, after a reflection from a magnesium oxide
diffusing block, was directed onto a filtered FW-114-

biplanar photo-diode with an electronic integrating
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circuit, The output from this device was observed in a
Tetronix 585 oscilliscope. The integrated peak provided
a direct voltage measure proportional to the total pulse
energy. The readings of this device were then calibrated
by determining the radiant energy passing through the
hole in the metal diaphragr as measured by a Hadron-TRG
cone calorimeter and Keithly Microvolt meter. The
radiant exposure (J/cmz) passing through the diaphragm
was then calculated. The reproducibility of the overall
system for a given charge level was +10X, hence, the
calibration data was recorded as a function of the input
charge level setting. Experimentally, the exposures
were monitored on the oscilliscope to verify reproduc-
ibility of the predetermined radiant exposure levels.
The overall experimental setup is shown in Figure 11.
Laser charge levels were then selected which yielded
radiant exposures ranging from 0,13 to 1,28 J/cm2 at

the diaphragnm.
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- 6. Q-Switched Neodymium-Glass Laser

Ce

Laser Characteristics

1. Type: Neodymium-glass
Oscillator-amplifier
Glass rods 7"x9/16" and 10"x3/4"

2, Make: Spacerays
3. Model: 1010QDC2 - Oscillator-amplifier

4, Operation: Pockel cell Q-switched

Laser pulse: /5 nsec
5. Wavelength: 1060 nm
Delivery
The beam from & Q-switched neodymium-glass laser focused
by a long focal length lens (FL=571 mm) onto a 1,05 cm
hole in a metal diaphragm placed at a distance
(approximately 200 cm) where the size of the focused spot
at this point was approximately 2.5 cm in diameter. As a
result, only the central portion of the beam passed
through the hole and presented a nearly uniform radiant
exposure to the skin surface. The basic arrangement is
shown in Figure 12, For some exposures, where lower
radiant exposures were required, the lens was removed -
producing approximately a 502 reduction in the radiant
exposure at the diaphragm.
Calibration
A beam-splitter arrangement interposed between the laser
and the diaphragm allowed for a monitored measure of

laser performance. The portion of the beam reflected
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from the beam-splitter after a reflection from a
magnesium-oxide diffusing block, was directed onto a
filtered FW-114 biplanar photo-diode with an electronic
integrating circuit. The output from this device was
observed on a Tetronix oscilliscope. The integrated

peak provided a direct voltuge measure proportional to
the total pulse energy.

The readings of this device were then calibrated by
determining the radiant energy passing through the hole
in the metal diaphragm as measured by a Hadron-TRG cone
calorimeter and Keithley Microvolt-meter. The radiant
exposure (J/cmz) passing through the diaphragm was then
calculated. The reproducibility of the overall system
for a given charge level was +10%, hence, the calibration
data was recorded as a function of the input charge level
setting., Experimentally, the exposures were monitored on
the oscilliscope to verify the reproducibility of the pre-
determined radiant expcsure levels. The overall
experimental setup is shown in Figure 13,

Laser charge levels were then selected which yielded
radiant exposures ranging from 2.3 to 8.8 J/cm2 at the

diaphragm.



Reflectance Measuremerts

Reflectance data of the flexor surface of the forearm were obtained for
each patient using an IDL "Color Eye" reflectance spectrophotometer,
(Figure 14). This device measures the reflectance of the skin relative

to a known diffuse reflection standard of magnesium oxide. The

spectral range extends from 400 to 700 nm in 16 specific 20 nm steps.

The data obtained for all patients is given in Appendix A. For those
lasers which emit in the visible spectra (400 to 700 mm), such reflectance
data can give a first order approximation of the relative absorption in the
tissues at a particular wavelength by subtracting the reflectance at that
wavelength from 100Z.

It is of note to comment on the performance of this device for measurement
of spectral reflectance of human tissues. In the early phase of the study,
a "Color Eye" device was tested in which the sampling port of the integrat-
ing sphere was smaller (1 cmz) than the unit which was eventually used
(which had a 1 inch diameter port). It was argued that smaller sized port
would more closely simulate the actual area of the skin to be eventually
exposed by laser radiation on the human volunteers. The system was tested
upon arrival on human skin and the results are shown in Figure 15 as curve A.
Also shown, for comparison, are reflectance curves from the same individual
previously done with two other devices., These are Curve B, using a "Color
Eye" with large area view (1 inch aperature) and Curve C, using a General
Electric Recording Electrospectrophotometer. Note the abrupt "fall off" in

the reflectance values using the small area view '"Color Eye" at wavelengths

N —
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FIGURE 14 - IDL "COLOR EYE" USED FOR REFLECTANCE TESTS
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above 580 nm. In reviewing the literature on reflectance spectra from human
subjects as well as comparing the previous data on this individual, the data
using the small area view was obviously in error. It was suspected that the
multiple scattering of light in tissues at visible wivelengths in the ranges
580-700 nm actually expand the effective areas of backscattered light
periplierally to the edges of the integrating sphere aperture that captures
the backscattered light, and, hence, a large percentage of the backscattered

light is not returned into the integrating sphere for eventual measuremeut,

This same effect is also present with the large area view (1 inch diameter),
but due to the increased size of the sample area (approximately a factor of 6)
the edge losses no longer predominate. Hence, we are able to obtain repre-
sentative reflectance measurements using the large data area view 'Color Eye".
In comparison to the G.E. Recording Spectrophotometer, the small area view "
"Color Eye" indicates a lower rcflectance value which is nearly a constant 15
percent over the entire visible range. Since these two pieces of data were taken
at least one-year apart, one can only speculate whether the difference is due to

the instrument, or to pigment or to pigment variations resulting from sun

exposure.

One cannot deduce the relative absorption in tissues at the 10,600 nm CO2 laser
wavelength, since this frequency does not fall within the measurement range of
the "Color Eye" devic:., It is anticipated that all tissues - irrespective of

visible color qualities - will display approximately the same absorption at the

CO, laser frequency as would be obtained in water at a 10,600 nm wavelength.

(9)

2

Fine'”’, et al has estimated this to be approximately 95% absorption.
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Simularly, one cannot directly deduce the relative absorption in tissues
at the Nd-YAG wavelength of 1,060 nm with the data from the "Color Eye".
Some relative estimate is possiple by reference to the published work of

N

Kuppenheim which demonstrates the relative reflectance of Caucasian
(light and darkly pigmented) and Negro skin. This data, as shown in
Figure 16, indicates that one can expect up to 60% reflectance in lightly
pigmented Caucasian, up to 50% reflectance in darkly pigmented Caucasian

males, and uD to 45% reflectance in Negro skin.

To a first approximation, due to the symmetry of the reflectance curves
in the range from 700 nm to 1,100 nm, one can make some estimate of the
absorption of tissues at 1,060 nm when the data at 700 nm is knowm.

Using Kuppenheim's data, one can estimate the skin absorption at 1,060 nm

as given in Table 1I.

TABLE I

SKIN ABSORPTION AT 1,060 nm

AS DETERMINED BY REFLECTANCE AT 700 nm

REFLECTANCE SKIN TYPE REFLECTANCE  ABSORPTION *
@ 700 nm @ 1,060 nm @ 1,060 nm
(percent) (percent) (percent)

70 Fair Caucasian 60 40
65 Medium Caucasian 55 45
55 Dark Caucasian 50 50
40 Light Negro 55 45
30 Medium Negro 45 55

20 Dark Negro 35 65
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III PATIENT TREATMENTS AND RESJLTS

The following will detail the exposure data and results of the 28 patients that

were used in this study:

1. NORMAL MODE RUBY LASER SERIES

A,

Exposure Data of Caucasian Patients - Ruby Laser

PATIENTS: No. 1 (L.G.), No. 2 (J.B.), No, 7 (T.H.), No. 8 (T.D.)

DATES OF TREATMENT: October 5, 1972 - Patients No. 1 & 2

October 26, 1972 - Patients No. 7 & 8

DESCRIPTION OF PATIENT No. 1

The patient (L.G.) is a sixty-seven year old Caucasian male. The

site of irradiation was the flexor surface of the right forearm.

The patient had experienced repeated laser exposures for testing
purposes on one small area of the right forearm that was not included
in this test. A few small old scars were also present on the

patient's arm, but these were not located in the areas to be
irradiated. The reflectance data (Appendix A - Figure 1) at 700 nm
indicated 61% reflectance, indicating approximately 39% of the incident
ruby laser radiation would be absorbed by the skin.

DESCRIPTION OF TREATMENT - PATIENT No. 1

Five exposures were made at each of the levels of 10, 15, 20, 25 and
30 J/cm2 for a total of 25 exposures.
Itching was immediately noted following irradiation at a radiant

exposure of 10 J/cmz, but no immediate visible reaction was noted in



this area, even up to ten minutes post-treatment, although the itching
sensation persisted.

RESULTS - PATIENT No, 1

Reactions were recorded as given in Table II and Figure 17

TABLE II
POST-RUBY-LASER SKIN REACTIONS

PATIENT No. 1

RADIANT EXPOSURE REACTION AT*# REACTION AT
(J/cmz) ONE-HOUR 24 HOURS

10 0/5 2/5

15 3/5 5/5

20 3/5 5/5

25 4/5% 5/5

30 5/5 5/5

*(ne large papule was noted in one of the 25 J/cm2 doses.

The reaction of the skin of this patient was a formation of small red

papules., This is in marked contrast to subsequest ruby laser
exposures on other patients where the tvpical reaction was an erythema

formation. A close-up of this papular reaction is shown in Figure 18.

The patient at 24 hours indicated that severe itching persisted in the
eaci~e arm throughout the 24 hour period. In the areas irradiated at
10 J/cmz. two areas containing small red papules and faint erythema
were observed at 24 hours post-exposure. (Figure 19) These areas

measured 0.7 cm diameter. In regions irradiated at levels from 20 to

**Notation: x/5 indicates x positive reactions at the time of examination




FIGURE 17 - PATIENT No. 1 - ONE-HOUR POST EXPOSURE
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FIGURE 18 - PATIENT Mo, | SE=-UP SHOWING PAPULAR REACTION AT ONE-HOUR

FIGURE 1Y - PATIEN] No. | = CLOSE-UP OF TWO PAPULES AT 24 HOURS
RESULTING FROM 10 J/cm2 EXPOSURE.




FIGURE 20 - PATIENT No. 1 - 24 HOURS POST-EXPOSURE

FICURE 21 - PATIENT No. 1 - 168 HOURS FOST-EXPOSURE
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30 J/cmz, more intense papular reactions and small blisters were noted.
The size in these areas measured about 1.8 cm (lgigg; than beam size)
with elevated pruritic areas. (Figure 20)

At 48 hours two areas irradiaied at 10 J/cm2 contained papules. All
other areas were blistered.

At 96 hours (4 days) the irradiated areas were still uncomfortable and
itching still persisted. No new papular areas were present.

At 168 hours (7 days) the irradiated areas were almost completely
healed and scabs remained in only a few areas where the most severe
reactions had occurred. (Figure 21)

This patient (LG) may ue photosensitive to ruby laser since the
reaction did not subside at 24 hours, and the presence of severe
itching, papules and blisters indicate a more severe reaction than is
normally encountered.

DESCRIPTION OF PATIENT No. 2

The patient (J.B.) is a twenty-seven year old Caucasian female who has
been a subject of laser treatment for tattoos of the legs for one year,
The site of the test exposures was the flexor surface of the right
forearm. The reflectance data at 700 nm indicated 57% reflectance,
hence, approximately 43%Z of the incident ruby laser radiation will be
absorbed by the skin. (Appendix A - Figure 1)

DESCRIPTION OF TREATMENT - PATIENT No. 2

Five exposures were made at each of the levels nf 10, 15, 20, 25 and

30 J/cm2 for a total of 25 exposures.
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No immediate sensations were noted by the patient. Some slight
itching was described approximately 30 minutes post-treatment which
disappeared altogether at one-hour post-treatment.

All areas exposed at and above 15 J/cm2 showed a definite red
erythema at 10 minutes post-irradiation which persisted through the
one-hour post-treatment examination,

RESULTS - PATIENT No. 2

Reactions were recorded as given in Table III and Figure 22.

TABLE IIl
POST-RUBY-LASER SKIN REACTIONS

PATIENT No, 2

RADIANT EXPOSURE REACTION AT REACTION AT
(J/cmz) ONE-HOUR 24 HOURS

10 1/5 0/5

15 5/5 5/5

20 5/5 5/5

25 5/5 5/5

30 5/5 3/5

The reaction in this patient is a near uniform erythema with no

papules present. At 24 hours the reaction at 10 and 20 J/cm2 (the edge
rows) were faint and two had completely disappeared in the 30 J/cm2 row,
There was one small papule on the edge of the remaining spots in the

30 J/cm2 row, although it should be noted that two of the erythema spots
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FIGLRE 22 - PATIENT Ho, 2

ONE-HOUR POST-EXPOSURE

FIGURE 23 - PATIENT No.
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had already disappeared in this row. (See Figure 23) No itching or
discomfort was noted during the one-hour/24 hour period. Follow up
nn this patient was not possible beyond 24 hours,

DESCRIPTION OF PATIENT No. 7

The patient (T.H.) 1s a 44 year old Caucasian male who has been a
subject for laser treatment of a large tattoo of the mesial aspect

of the right arm for over four years, The site of the test exposures
was the flexor surface of the left forearm. The reflectance data at
700 nm indicated 52% reflectance, hence, approximately 48% of the
incident ruby laser radiation will be absorbed by the skin.

(Appendix A - Figure 1)

DESCRIPTION OF TREATMENT - PATIENT No. 7

Five exposures were made at each of the levels of 5, 10, 15, 20 and
25 J/cm2 for a total of 25 exposures.

No immediate sensations were noted by the patient., Some slight
sensations (itching) was described at one-hour post-exposure. No
immediate reactions were noted during an examination at five-minutes
post-exposure,

RESULTS - PATIENT No. 7

Reactions were recorded as given in Table IV and Figure 24.



FIGURE 24 - PATIENT #7 - ONE-HOUR POST-EXPOSURE

FIGURE 25 - PATIENT #8 - ONE-HOUR POST EXPOSURE
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TABLE IV
POST-RUBY-LASER SKIN REACTIONS

PATIENT No, 7

RADIANT EXPOSURE REACTION AT REACTION AT
(J/en) ONE-HOUR 24 HOURS

5 0/5 0/5

10 3/5 2/5

15 4/5 4/5

20 4/5 4/5

25 5/5 5/5

The reaction in this patient was a mild erythema at one-hour. (The
24 hour follup up photograph is not available due to a camera
malfunction.,)

DESCRIPTION OF PATIENT No. 8

The patient (T.D.) is a seventy.year old Caucasian male who has
been a subject for laser treatment of skin cancers and other skin
lesions of the head and back for over nine years. The site of the
test exposures was the flexor surface of the right forearm. The
reflectance data at 700 nm indicated 62% of reflectance, hence,
approximately 38% of the incident ruby laser radiation will be
absorbed by the skin. (Appendix A - Figure 1)

DESCRIPTION OF TREATMENT - PATIENT No. 8

Five exposures were made at each of the levels of 5, 10, 15, 20 and

25 J/cm2 for a total of 25 exposures.
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The sensations of the exposures as described by the patient are
summarized in Table V. This commentary of the patient is included to
reinforce one conclusion of the study, namely, that expcsures near
the MRD50 levels are all mildly painful. Hence, someone aecctdently

exposed at these levels would most porbably have a reflex reaction to

move his exposed skin from the beam.

TABLE V
COMMENTS BY PATIENT No. 8

ON RUBY LASER EXPOSURES OF THE SKIN

RADIANT EXPOSURE COMMENTS
(3/cnd)
5 "No sensation at all."
10 "Almost no sensation.”
15 "Felt reaction, but not severe."
20 "Definitely felt reaction."
25 "Definite reaction, but still not bad.”

No immediate one-hour reactions were described by the patient.

1. RESULTS - PATIENT No. 8

Reactions were recorded as given in Table VI and Figure 25.
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TABLE VI

POST-RUBY-LASER SKIN REACTIONS

PATIENT No. 8

RADIANT EXPOSURE REACTION AT REACTION AT
(J/cmz) ONE-HOUR 24 HOURS
5 0/5 0/5
10 0/5 0/5
15 3/5 1/5
20 5/5 2/5
25 5/5 4/5

The reaction in this patient was spotty papules at one-hour. The 24

hour follow up photograph is not available due to a camera ma.function.

Exposure Data of Negro Patients - Ruby Laser

PATIENTS: No. 9 (I.H.,) and No. 16 (S.H.)

DATES OF TRF.ATMENT: January 4, 1973 Patient No. 9

a,

February 8, 1973 Patient No. 16
March 19, 1973 Patients No. 9 & 16
March 20, 1973 Patient No. 16

DESCRIPTION OF PATIENT No. 9

The patient (I.H.) is a thirty year old Negro male voluateer. The
site of the irradiation was the flexor surface of the right forearm,
The reflectance data (Appendix A - Figure 2) at 700 nm yielded a value
of 30%, indicating approximately 70% of the incident ruby laser

radiation would be absorbed by the skin.
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b. DESCRIPTION OF TREATMENT - PATIENT No. 9

Five exposures were made at each of the levels of 1.5, 1.75, 2.0 (in
session two) and 3,0, 4.0, 6.0 and 8 J/cnz, (in session one) for a total
of 40 exposures on two separate occasions,

No itching was noted following any of the doses including the highest

of 8 J/cmz. An immediate visible reaction was noted in all areas
irradiated at and above 3.0 J/cmz. (See Figure 31)

c. RESULTS - PATIENT No. 9

Reactions were recorded as given in Table VII.,and Figure 26.

TABLE VII
POST-RUBY-LASER SKIN REACTIONS

PATIENT No. 9

RADIANT EXPOSURE REACTION AT REACTION AT  REACTION AT

(3/end) FIVE-MINUTES  ONE-HOUR 24 HOURS
1.5 0/5 0/5 0/5
SESSION  1.75 0/5 0/5 0/5
e 2.0% 0/10 4/10 4/10

3.0 0/5 5/5 5/5

SESSION 4,0 0/5 5/5 5/5
L 6.0 0/5 5/5 5/5
8.0 0/5 5/5 5/5

*10 doses given on two treatment sessions at this level

The reaction of this patient was an erythema indicated by an
immediate darkening of the tissues. A close-up of this reaction is

shown in Figure 27.
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FIGURE 30 - PATIENT No. 9 - FOURTEEN-MONTHS POST-EXPOSURE.
NOTE REPIGMENTATION HAS NEARLY COVERED AREAS
PREVIOUSLY VOID OF PIGMENT,
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The patient at 24 hours indicated that no itching occurred during the
24 hour period. Severe blisters were noted in the areas irradiated

at 8 J/cmz. (Figure 27) 1In regions irradiated at levels 3.0, 4.0 and
6.0 J/cm2 less intense reactions and blisters were noted. The size in
these areas measured about 1.8 cm (larger than beam size) with elevated
pruritic areas.

At two weeks, the irradiated areas had begun to heal leaving depigmentcd
regions. (Figure 28)

At four weeks, the irradiated areas continued to heal and repigmenta-
tion had set in. (Figure 29)

At two montis, the irradiated areas were completely healed and repig-
mentation had continued to progress in the scarred area.

At fourteen months, the repigmentation had nearly covered these areas
previously void of pigment. (Figure 30)

DESCRIPTION OF PATIENT No. 16

The patient (S.H.) is a forty-three year old Negro male volunteer,

The site of the test exposures was the flexor surface of the right and
left forearm., The reflectance data at 700 nm indicated 41% reflectance,
hence, approximately 59% of the incident ruby laser radiation will be
absorbed by the skin., (Appendix A - Figure 2)

DESCRIPTION OF TREATMENT - PATIENT No. 16

Five exposures were made at each 