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ABSTRACT

Tiventy-six patients, 22 females and 4 males were selected in ovder to evaluate the histological effects of CO,
LASER. Ages ranged from 43 to 72 years. Nineteen patients were classified as Fitzpatvick IIT and 7 as
Fitzpatvick I1.

Upper eyelid skin was examined before opevation and after selective photothermolysis at 3 months, six months
and one year:

All post-operative evaluations showed consistent epidermal and dermal histological changes, such as the
epidermal regeneration showing normal anatomy, mainly for evaluations around one year: Derma shows o
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dramatic transformation of neocollagen on medium and superficial devma, as well as the intense change
(vestructure) of elastic system and decrease of glucosamineglucans.

The two laser passing were analyzed, as well as the whole healing process.

Cutaneous renewal (resurfacing) with CO, LASER
has been recognized as a modern and efficient tech-
nique for the treatment of facial wrinkles and
photoaging. Surgery with LASER provides removal
of epidermis and derma thin layers with absolute con-
trol of hemostasis, which allows for surgical steps to
be accurately followed. Resurfacing is a new proce-
dure that should integrate complex concepts related
to dermatology, surgery, LASER Physics and healing
process.

Fig. 1 - Microphotograph showing an advanced
process of cutancous photoaging. Epidermis pre-
sents itself even and atrophied with cell changes in
its layers. Evident dermal changes with varied elas-
tosis degrees. Collagen fibers present themselves
thick with fragmented segments (HE).

Fg. 1 - Microfotografia mostrando avangado processo
de foroenvelhecimento cutdneo. A epiderme se apresenta
plana ¢ atrofinda com alteragies celularves em suas
camadas. Altevagoes dérmicas evidentes, com graus
variados de elastose. As fibvas coldgenas se apresentam
espessadas com seqmentos fragmentados (HE).

When evaluaring and treating patients with CO, LA-
SER, the surgeon should observe the skin nuances
and its regeneration ability. Human skin is better
viewed as a layered laminar structure vertically perfo-
rated by hair and other cutaneous adnexa. Derma may
be divided into superficial or papillary and deep or
reticular derma. Epidermis is composed by several
specialized layers, the most important being the basal
layer, that has the ability of regenerating epidermis
through miotic division each six months or eight
weeks'!,

Fig. 2 - Histological analysis after first passing of
CO, LASER using 300-millijoule energy. Epider-
mis ablation and basal membrane with the pres-
ence of necrosis strip from papillary derma with
contraction of more superficial collagen fibers.
Dermal adnexa preserved (HE).

Fig. 2 - Analise histologica apos a primeira passagem
do LASER de CO, usando 300 milijoules de energia.
Ablagio da cp:'drrmc ¢ da membrana basal, com
presenga de faixa de necrose de coagulagio na derme
papilar com contragao das fibras colagenas mais
superficiais. Anexos déymicos preservados (HE).
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In order to understand LASER cutaneous renewal (re-
surfacing) we must clarify certain parameters of facial
wrinkle ablation and reduction with no residual scars.
The state-of-the-art equipment that work with CO,
LASER are the ultrapulsed ones, that emit enough
energy to vaporize tissue with one single pulse and at
a lower time interval than that of the thermal relax-
ation, avoiding heat diffusion and performing the se-
lective photothermolysis of the target tissue. The CO,
LASER Ultrapulse 5000 C releases energy up to 350
millijoules at less than 1 meter per second, discharg-
ing up to 1000 pulses and promoting ablation, i.e.,
the safe and predictable removal of a given tissue vol-
ume'?,

Face is divided into cosmetic zones that vary consid-

erably in thickness, appearance and sebaceous charac-
teristics. Depth and effectiveness of cutaneous renewal
(resurfacing) may vary with the change of the num-
ber of passing, and energy and density used.

The extremely thin eyelid skin deserves special con-
siderations due to the risk of bad results such as ectro-
pion or apparent scar. When observing the patients
operated with Ultrapulse CO, LASER with CPG,
submitted to upper blepharoplasty, lower
transconjunctival and cutaneous renewal (resurfacing)
throughout the periorbital cosmetic unit, we noticed
a great improvement in the skin quality with the era-
sure or considerable attenuation of the thin and rough
wrinkles.

Immediate or delayed histological changes occurring

Fig. 3 - Histological analysis after second passing
of CO, LASER using 200-millijoule energy. Deep-
ening of necrosis from derma papillary coagula-
tion was observed. Basal membrane is integral
around preserved dermal adnexa. Contraction of
collagen fibers at a deeper plane (HE).

Fig. 3 - Andlise histologica apds a scqunda passagem
do LASER de CO, usando 200 milijoules de energia.
Observamos um aprofundamento de necrose de
coagulagio na devme papilar A membrana basal estd
integra em torno dos anexos dévmicos preservados.
Contragdo das fibras colagenas num plano mais
profindo (HE).

Fig. 4 - Histological evaluation after one year. Com-
pletely regenerated thin epidermis with young skin
aspect. Great dermal changes with a large band of
newly formed collagen at superficial derma were
observed. Elastosis elimination from superficial and
medium derma. Young skin aspect (HE).

Fg. 4 - Avaliagao histolggica apds um ano. Epiderme
espessa, completamente vegenerada, com aspecto de pele
Jovem. Observamos grandes modificagoes dérmicas com
larga banda de colageno neoformado na devme super-
ficial. Eliminagdo de elastose na derme superficial e
média. Aspecto de pele jovem (HE).
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at eyelid skin after CO, LASER use were little studied
and are not much conclusw (3,4,5,6)

The purpose of this work is to accurately evaluate the
changes occurring at thin eyelid skin after cutaneous
renewal with Ultrapulse CO, LASER with CPG, and
analyze the penetration depth, the use of proper en-
ergy, the accurate number of passing, the ephitelization
and the eftects at medium and long term.

MATERIAL AND METHODS

Twenty-six patients were selected for this study. None
of them had been previously submitted to
blepharoplasty or chemical exfoliation of skin. All
patients were submitted to pre-operative treatment

according to a protocol that included the use of

0.025% retinoic acid, 4% hvdroquinone and
) q
photoprotector for three to five weeks before surgery.

The patients were submitted to upper transcutaneous
blepharoplasty, lower transconjunctival blepharoplasty
and cutaneous renewal (resurfacing) of the periorbital
cosmetic unit, except for the upper pretarsal skin, with
Ultrapulse CO, LASER. Twenty-two patients
(84.6%) were females and 4 patients (15.4%) were
males. Nineteen patients (75%) were classified as type
III and 7 patients (25%) were classified as type II
according to Fitzpatrick’s7classification for skin, hair
and eye color.

Age of patients ranged from 43 to 72 years old, with
56-year average.

All patients presented varying degrees of skin
photoaging with the presence of thin and rough
wrinkles in variable amounts.

The equipment used to perform selective
photothermolysis was series 5000 C Ultrapulse CO,
LASER with computer pattern generator {Cohcrenr
Medical Group, Palo Alto, California).

Upper blepharoplasty was performed after subcuta-
neous infiltration of 0.5% lidocaine with adrenaline
at concentration of 1:400,000. Skin segments taken
out from skin did not exceed 45 millimeters long and
7 millimeters wide.

Selective photothermolysis of periorbital aesthetic unit
was performed after upper and lower transconjunctival
blepharoplasty sparing upper pretarsal area. Ray re-
lease was ultrapulsed with 300-millijjoule energy and
60 watt power in the first passing, and 200-millijoule

energy and 40 watt power in the second passing. Pat-
tern used was number 6 with 6 horizontal and verti-
cal points with diameter 2.25 and density number 6.
Mechanical removal of reminding devitalized tissue
with gauze soaked with 0.9% sodium chloride physi-
ological solution was carried out after each LASER
passing followed by drying of all areas.

Following, upper eyelid preseptal skin pieces were
removed from saline, dried and divided into pieces of
similar area. A passing of CO, LASER upon one piece,
two passing upon the next piece and no passing upon
the last piece were carried out according to the same
selective photothermolysis of periorbital aesthetic unit
parameters. These eyelid cutaneous pieces were pre-
served into 0.9% sodium chloride solution and 10%
formaldehyde at 3:1 ratio and sent to histopathologic
analysis.

After three months, six months and one year after se-
lective phototermolysis, biopsies of the upper lateral
preseptal skin from 26 patients were carried out fol-
lowing the same care and for the same purposes of
those for the pieces previously examined.

Staining methods used for all pieces were as follows:
€ HE: for architecture overall evaluation
€ Gomori: for architecture overall evaluation
€ DAS: for basal membrane evaluation
€ Resorcina-fuccina: for elastic fiber analysis
*

Alcian blue: for glucosamineglucan evalua-
tion

*

Picrus sirius: for collagen fiber evaluation

€ Masson-Fontana: for melanin evaluation

RESULTS

The results of histopathologic analysis before and af-
ter selective photothermolysis and after cutancous
renewal process are described as follows.

1. Histopathologic analysis of thin evelid skin
before selective photothermolysis (Figs. 1,
5 and 7).
All pieces showed an advanced photoaging
process. Epidermis presents itself flat and
atrophic. Keratinocytes present atypia and
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Fig. 5 - Pre-operative histological section showing cutaneous ag-
ing aspects and rypical epidermal and dermal changes (Gomori).
Fig. 5 - Corte histolggico pré-operatorio mostrando os aspectos de
envelbecimento cutineo com alteragies tipicas epidermicas ¢ dérmicas
(Gomori).

Fig. 6 - Histological evaluation after sixth month. Regenerated
epidermis and great dermal change. Collagen fiber proliferation
with redirection and compacting of papillary derma fibers were
observed.

Hg. 6 - Avaliagdo histologica apds o sexto més. Epiderme vegenerada ¢
grande modificagdo devmica. Observamos proliferagao das fibras colagenas
com reovientagio e compactagdo das fibvas na devme papilar (Gomori).

Fig. 7 - Post-operative histological analysis. Thin epidermis with
cell polarity loss. Cell atypia and irregularities of the melanin de-
posit distribution were observed. Derma showing typical aging
changes (HE).

Fig. 7 - Andlise histologica pré-opevatoria. Epiderme fina, com perda de
polaridade celular. Observamos atipia celular ¢ irregularidades na
distribuigao dos depdsitos de melanina. Devme mostrando alteragoes tipicas
de envelbecimento (HE).

vary in form, size and pigmentation
cytoplasmatic characteristics. Melanocytes
along basal layer present themselves increased
both in size and number. Masson-Fontana
staining shows dense irregularly distributed
melanin deposits. Cell adhesion is jeopar-
dized, with a clear loss of cell polarity. Der-
mal changes are evident, with varied degrees

Fig. 8 - Histological analysis after one year. Complete, regencrated
and thick epidermis. The epidermal cell lavers are quite evident,
with cell polarization retaking. Regularization of melanin deposits
on basal keratinocvtes. Derma showing a large band ot normal
collagen (HE).

Fig. 8 - Analise histologica apos wm ano. Epideyme completa, reqenerada
¢ espessa. As camadas das células epidermicas sdo bem evidentes, com
retomada da polavizacao celular: Reqularvizagdo dos depositos de melanina
nos queratinocitos basais. Derme mostrando lnvga banda de colageno
novmal (HE).

of elastosis. Collagen fibers present them-
selves thickened with fragmented segments.
Glucoamineglucans are found to be highly
increased, occupying the spaces where
collagenolisis occurred. Dermal elastosis is
clear both at superficial derma and at the
deeper one.
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2.

Histopathologic analysis of thin eyelid skin.
Selective phototh:,rm(;lvm after the first
passing of LASER, using 300-milljjoule en-
ergy. Epidermis and basal membrane abla-
tion. Presence of necrosis from superficial
papillary dermis coagulation. Minimal ther-
mal reaction of papillary derma with con-
traction of the most superficial collagen fi-
bers. Dermal adnexa preserved (Fig. 2).

Histological analysis of eyelid skin. Selective
photothermolvsis after two passing of LA-
SER using 200-millijoule energy at the first
passing and 200-millijoule energy at the sec-
ond passing. Deepening of necrosis from
papillary derma coagulation. Integral basal
membrane around cutaneous adnexa. Con-
traction of collagen fibers at a deeper plane
of papillary derma. Elastic degeneration ob-
served at papillary and medium derma is
transformed into a coagulated mass.

Cutaneous regeneration after selective
photothermolysis (Fig. 3). Epidermal regen-
eration with a reconstituted and completely
uniform basal membrane was observed in
the third post-operative month.
Keratinocytes present themselves normal,
atypia was eliminated and polarity presents
traces of recovery. Melanocytes show more
regular distribution. Structural change at
derma is still more important: a strip of nor-
mal collagen is evident at the papillary derma.
Formation of collagen is observed at hori-
zontal bands parallel to surface. Completely
regenerate derma, with a more even distri-
bution of melanocytes was encountered in
the sixth month. Derma shows reconstruc-
tion and collagen fiber proliferation with
redirection and compacting of papillary
derma fibers. Collagen is more abundant and
organized while glucosamineglucans have
concurrently decreased. Elastosis of deeper
derma is observed (Fig. 6). More defined
histological patterns are observed one year
after selective photothermolysis,. Epidermis
completely regenerated with an aspect of
young skin. Cell polarization is more struc-
tured, with an increased cell proliferating
activity being observed. Epidermal cell lay-
ers are quite evident. Return of regularity of
the melanin deposits at basal keratinocytes.

A large band of newly formed collagen at
superficial derma, with a great and evident
decrease of glucosamineglucans at derma are
observed. Elimination of elastosis at super-
ficial and medium derma, with re-structure
of the superficial dermal elastic system. (Figs.
4 and 8).

All these findings are compatible with the great aes-
thetic change observed in the cases operated.

DISCUSSION

Cutancous regeneration (resurfacing) with CO, LA-
SER is an accurate and effective method for the treat-
ment of cutaneous photoaging™ ?. Shoenrick et al®’,
Chernoft et al'” Weinstein'® and Apfelberg!'! de-
scribed the use of CO, LASER upon the periorbital
area. David et al'"? described the use of CPG scanner.

Scanner allows for a precise control of overpassing, a
parameter called density. Photothermolysis became
absolutely accurate with the specification of three pa-
rameters: energy, density and number of passing.

When Ultrapulse CO, LASER with CPG is used, the
first passing produces epidermis ablation and some
thermal reaction at superficial papillary derma. The
superficial vaporization is equivalent to approximately
50 to 60m in depth®™ ', An additional thermal ne-
crosis of 50 to 70m is also observed. The second pass-
ing destroys little tissue as there is less water to ab-
sorb LASER energy, however, it produces a thermal
injury of approximately 40 to 60m‘. Eyelid skin pre-
sents epidermis with depth ranging from 50 to 130m
and derma with depth from 215 to 300m. Two pass-
ing of CO, LASER remove epidermis and superticial
derma with extreme precision, eliminating the thin
periorbital wrinkles.

We concluded that an important dermal segment is
preserved, keeping cutancous adnexa integral or with
the basal membrane preserved at the lower portion.
Thus, tissue ablation and subsequent thermal dam-
age do not injure dermal adnexa that are vital for the
skin ephitelization process. Burkhardt and Maw'®
recently concluded that tissue injury induced by the
use of Ultrapulse CO, LASER with CPG in multiple
passing is confined to reticular derma, sparing adn-
exal structures responsible for re-ephitelization.

The most important cell in healing process after
photothermolysis is the specialized keratinocyte from
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Fig. 9a - Pre-operative histological analysis. Epi-
dermis and basal membrane (arrow) are observed
(PAS).

Fig. 9a - Analise bistologica pré-operatoria. Observamos
a epiderme ¢ a membrana basal (seta) (PAS).

Fig. 9b - Histological analysis after the second pass-
ing of CO, LASER. A vaporization of superficial
cell occurs in the first passing that is equivalent to
approximately 50 to 60m in depth. Also an addi-
tonal thermal necrosis of 60 to 70m occurs. The
second passing destroys little tissue, however it
produces a thermal injury around 40 to 60m, as
showed in figure. Photothermolysis spares dermal
adnexa and preserved basal membrane is observed
(arrow). Tissue ablation and thermal damage do
not injury dermal adnexa vital for skin
ephitelization process (PAS).

Hg. 9b - Andlise histologica apds a seiunda passagem
do LASER de CO,. Na primeira passagen: ocorve uma
vaporizagio das células superficiais que equivale a
aproximadamente 50 a 60m em profundidade. Ocorve
tambem wma necrose téymica adicional de 50 a 70m.
A sequnda passagem nio destrot muito tecido, porém
produz uma injiivia tévmica de aproximadamente 40
a 60m, como vemos na figura. A fototermolise poupa
os anexos dévinicos, e observamos a membrana basal
presevvada (seta). A ablagao tecidual ¢ o dano tévmico
ndo lesam os anexos dévmicos vitais no processo de
epitelizagao da pele (PAS).

Fig. 9¢ - Histological analysis after the third month
showing regenerated epidermis and basal mem-
brane integrity (PAS).
Fig. 9c - Analise histoligica apos o terceiro més
mostrando a epiderme venovada ¢ a integridade da
membrana basal (PAS).

Rev. Soc. Bras. Cir. Plast.

Sao Paulo v.14 n.2 p. 7-20 mai/ago. 1999

13



Revista da Sociedade Brasileira de Cirurgia Pldstica

pileous follicle sheath. A great number of these cells
form the upper portion of pilosebaceous channel
where it binds to epidermis. Keratinocytes and pilose-
baceous complexes are spared during resurfacing and
under special circumstances revert to an embryogenic
state and are differentiated into epidermal cells that
emerge through pilosebaceous channel and re-
ephitelize the cutaneous surface. (Figs. 9a, 9b and

9c¢).

We have observed that clinical re-ephitelization of aes-
thetic periorbital unit occurs between six and ten days
for most patients.

Our histological findings confirm changes described
by Stuzin''® that show complete epidermal regenera-
tion and the intense changes of facial derma.

Fig. 10a - Sixty-eight vears old patient presenting
advanced process of cutaneous aging and evelid
xanthelasma.

Fg. 10a - Paciente com 68 anos de idade apresentando
avangado processo de envelbecimento cutineo ¢
xantelasma palpebral.

Fig. 10b - Post-operative at cighth month. Upper
blepharoplasty, lower transconjunctival, resurfac-
ing and canthexia were carried out. Cutancous re-
generation of the whole periorbital aesthetic unit.

Fig. 10b - Pds-operatorio no oitavo més. Foram

realizados: a blefavoplastia superviow, a infevior

transconjuntival, o resurfacing ¢ a cantopexia.
| Renovagao cutanea de toda a unidade esteticn
| periorbitaria.

Periorbital resurfacing using two passing of 300
millijoules and 200 millijoules provides an outstand-
ing formation of neocollagen and the correction of
dermal elastosis associated to a perfect and fast heal-
ing process. The transformation of the aesthetic pat-
tern is remarkable (Figs. 10a and 10b).

We believe that the ideal model of periorbital resur-
facing — with excellent aesthetic results, low rate of
complications and proven histological changes being
kept for the long term — is obtained with the em-
ployment of Ultrapulse CO, LASER with CPG.
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