Confocal laser microscopic imaging of actinic
keratoses in vivo: A preliminary report
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Background: Real-time near-infrared confocal laser scanning microscopy (CM) offers an unprecedented
method for confirming the clinical diagnosis of actinic keratosis (AK) without biopsy.

Methods: Seven patients with clinically diagnosed AK underwent CM imaging over the lesion and over
adjacent normal-appearing skin. Biopsy specimens were obtained from the presumed AKs in 4 patients.

Results: CM detected lesional pathologic features of hyperkeratosis (71%), lower epidermal nuclear
enlargement and pleomorphism (100%), and architectural disarray (57%). In contrast, cytologic atypia and
architectural disarray were apparent in one patient (17%) over the adjacent, clinically normal skin. Three of
4 biopsy specimens confirmed the clinical diagnosis of AK, whereas one revealed invasive squamous cell
carcinoma. Without optimizing CM for imaging hyperkeratotic skin lesions, the limited depth of penetration
reached the stratum basale in only 3 lesions, precluding detection of dermal invasion in the others.

Conclusion: Depth of penetration currently imposes a major limitation on CM in the diagnosis of AKs,
especially in hypertrophic and hyperkeratotic lesions, which are more likely to be malignant. However, CM
may become an alternative to biopsy, and its limitations may be overcome by future technologic advances
in optical penetration or by simply removing the hyperkeratotic stratum corneum. (J Am Acad Dermatol

2000;43:42-8.)

ctinic keratosis (AK) is the most common pre-
cancerous lesion of the skin, becoming more
prevalent with increasing age.! Of fair-skinned
people, 60% experience AKs by age 40,2 and 80% by
age 60.3 Resulting from excessive ultraviolet expo-
sure, they occur predominantly on exposed sites,
with 80% located on the head, neck, hands, or fore-
arms.3 Sun avoidance and sunscreens not only pre-
vent new lesions,3 but increase the rate of regres-
sion, which is 25% spontaneously.4 The average
affected patient has 7 to 10 lesions.34
Pathologically, AKs are defined by partial-thick-
ness cytologic atypia of the epidermis, beginning at
the basal layer and stopping short of the granular
layer. Specific features of the dysplastic cells include
nuclear enlargement and pleomorphism, mitotic fig-
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ures, altered polarity, abnormal maturation, and
dyskeratosis.23 Lesions are often acanthotic, but are
always keratotic, with parakeratosis alternating with
hyperkeratosis above adnexae.3

Squamous cell carcinoma (SCC) involves full-
thickness epidermal dysplasia, naturally the next
step in the progression from its partial-thickness pre-
cursor, the AK, the same way that cervical intraep-
ithelial neoplasia leads to cervical carcinoma.l
Animal models of skin carcinogenesis and immuno-
histochemical analysis of mutations in the tumor
suppressor gene p53 also support the premalignant
nature of AKs.35 Mareover, 27% of SCCs that under-
go biopsy arise directly within AKs, and another 56%
arise in their close proximity.4 In fact, it can be
argued that AKs are actually SCCs, representing an
early point on the continuum of malignancy.

The risk of progression of a single AK to full-thick-
ness SCC remains unknown, but it has been estimated
by various studies within a wide range between 0.1%
and 20%.45 Of course, this risk depends upon various
features of the lesion, with increased risk attributed to
thicker lesions, mucosal lesions, and lesions in
immunocompromised persons.3 The incidence of
SCC has risen dramatically over the past 2 decades,
now occurring at the rate of more than 200,000 per
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year in the United States.# Moreover, SCC is responsi-
ble for thousands of deaths per year.3 Fortunately,
SCCs arising in AKs have a relatively lower metastatic
rate of 2% to 6%.1> Most important, SCC can be cured
if recognized early. Therefore screening for and diag-
nosing SCC and AK continue to be extremely impor-
tant functions of the dermatologist.

AKs are diagnosed easily and accurately by derma-
tologists 90% of the time.> These red, skin-colored, or
tan plaques are surmounted by a heaped-up dry scale,
with a characteristic sandpapery feeling on palpation.
They may be asymptomatic or may elicit symptoms of
pruritus, burning, or pinching. Occasionally, they can
be difficult to differentiate from other lesions, includ-
ing warts, seborrheic keratoses, discoid lupus, poro-
keratosis, superficial basal cell carcinoma, and SCC. In
one study, interobserver agreement between derma-
tologists with respect to single AKs was extremely
poor, in contrast to the significant agreement obtained
for patients with multiple lesions.® Often, the clinician
must perform a biopsy of the lesion in question for a
definitive diagnosis.

Advances in reflectance confocal scanning laser
microscopy (CM) now offer a noninvasive alternative
to biopsy. CM can be performed in vivo, with high res-
olution and in real time, using a low-power, near-
infrared laser beam focused tightly on a specific point
in the skin, detecting only the light reflected from the
focal point through a pinhole-sized spatial filter. This
beam can then be scanned horizontally over a two-
dimensional grid to obtain a horizontal microscopic
section, where the high lateral resolution of 0.5 to 1
pm is defined by the tight focus of the laser beam and
the small size of the pinhole filter. By adjusting the
focal length of the beam, the microscope can image a
series of horizontal planes stacked vertically, with an
axial section thickness of 2 to 5 um. However, because
of the limited penetration of near-infrared light in the
skin, the imaging depth in normal skin is limited to at
most 300 to 400 pm, with visualization of the epider-
mis and papillary dermis. The high resolution of the
instrument allows for histologic quality images with
cellular and subcellular detail, whereas the video rate
of 10 to 20 Hz provides high temporal resolution, facil-
itating the visualization of dynamic processes such as
blood flow. No staining or photochemical reactions are
required for imaging, so CM does not alter the native
skin and can be repeated indefinitely.”-11

In this study, we aim to characterize AKs using this
new technology of in vivo CM.

METHODS
Subjects

Seven patients with clinically diagnosed AKs were
enrolled in the study after informed consent. They
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included 5 men and 2 women from 47 to 74 years of
age. The lesions were located on the back of the
hand in 3 patients, on the dorsal aspect of the fore-
arm in 2 patients, on the temple in 1 patient, and on
the forehead in 1 patient. Pretreatment evaluation
included a relevant dermatologic history, physical
examination, and photography of the AKs with a 35-
mm camera.

CM imaging

Confocal imaging was performed on one lesion in
each patient by means of the commercially available
near-infrared confocal scanning laser microscope
(Vivascope 1000, Lucid Inc, Henrietta, NY). This
device uses a diode laser at 830 nm, with a power
less than 26 mW The 30x objective lens of numerical
aperture 0.9 was applied to the skin using either
water (refractive index 1.33) or gel (refractive index
1.3335) as an immersion medium. The field of view,
measuring 250 pm, was scanned repeatedly over a 5-
mm area of lesional skin. In addition, confocal imag-
ing of adjacent skin that appeared to be normal was
performed in 6 of the 7 patients. Two healthy control
subjects also underwent confocal imaging over the
back of the hand, dorsal aspect of the forearm, tem-
ple, and forehead to provide a basis for comparison
to nonphotodamaged skin.

Conventional histology

In 4 patients, a 2-mm punch biopsy of the AK was
performed. Biopsy specimens were embedded in
paraffin and bisected, with half of the specimen sec-
tioned vertically in the traditional manner. The other
half underwent serial transverse sectioning through
the epidermis. All sections were stained with hema-
toxylin and eosin.

RESULTS

The 7 lesions clinically diagnosed as AK were ery-
thematous and between 5 and 8 mm. Most were only
slightly hyperkeratotic clinically and were selected as
such to maximize the value of the limited depth of
penetration of CM. Attempts to image lesions with
more significant hyperkeratosis resulted in an inabil-
ity to fully visualize the epidermis. Of the 7 lesions
selected, 4 supported imaging into the stratum spi-
nosum, whereas only 3 were conducive to imaging
through the stratum basale.

Fig 1 exemplifies the histopathology of an AK in
traditional vertical section, whereas Fig 2 illustrates
representative transverse sections of the same AK, at
depths in the epidermis that correspond to the let-
tered lines in Fig 1. The images at the far left in Fig 2
were obtained by means of conventional histologic
examination. The stratum corneum (Fig 2, A, left)
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Fig 1. Histopathology of an AK, vertical section. Lines A, B, C, and D represent depths in the
epidermis corresponding to horizontal sections in Fig 2. (Hematoxylin-eosin stain; original
magnification x10; 0.25 numerical aperture, dry objective lens.)

demonstrates thick hyperkeratosis with parakerato-
sis. Although the stratum granulosum (Fig 2, B, left)
appears normal, the stratum spinosum (Fig 2, C, left)
and stratum basale (Fig 2, D, left) show architectural
disarray and cytologic atypia with large and pleo-
morphic nuclei.

The center images in Fig 2 were obtained by CM
of the same AK, whereas the images at the far right
in Fig 2 were obtained by CM of adjacent normal
skin. In the stratum corneum, CM of the AK (Fig 2, A,
center) shows irregular hyperkeratosis, which con-
trasts with the smooth surface of normal skin (Fig 2,
A, right). Under CM, the stratum granulosum of the
AK (Fig 2, B, center) is composed of uniform, regu-
larly spaced, broad keratinocytes almost identical to
those of normal skin (Fig 2, B, right). Nuclei appear
dark in CM images, contrasting with the bright
refractile cytoplasm. Under CM, the stratum spi-
nosum (Fig 2, C, right) and stratum basale (Fig 2, D,
right) of normal skin contain smaller keratinocytes
that remain uniform and regularly spaced, unlike in
the AK (Fig 2, C and D, center), where the nuclei
vary in shape, size, and orientation.

Of the 7 clinically diagnosed AKs imaged with CM,
71% (5/7) demonstrate hyperkeratosis. The stratum
granulosum was normal in all lesions except one
(14%), in which there was slight variable enlarge-

ment of nuclei and architectural disarray. In the stra-
tum spinosum, 100% (7/7) showed clear evidence of
nuclear enlargement and pleomorphism, whereas
57% (4/7) manifested architectural disarray. Because
of the limited depth of penetration of CM, and
because of the thick stratum corneum overlying the
lesions, we were able to image as deep as the stra-
tum basale in only 3 of the 7 lesions; of these, all
showed evidence of nuclear enlargement and pleo-
morphism, and 2 of the 3 manifested architectural
disarray and elongated dermal papillae.

For comparison, CM of adjacent normal-appear-
ing skin was performed in 6 patients, and hyperke-
ratosis was found in 50% (3/6). The stratum granulo-
sum was normal in all nonlesional skin. The stratum
spinosum and stratum basale showed evidence of
nuclear enlargement, pleomorphism, and architec-
tural disarray in only one patient (17%), whose skin
was diffusely photodamaged, like many of the other
patients in this study. This seemingly normal, but
chronically photodamaged skin may, in fact, repre-
sent an early AK. None of the nonlesional images
demonstrated elongated dermal papillae.

Biopsy specimens were obtained from the imaged
lesion in 4 of the 7 patients. Of these, 3 confirmed
the diagnosis of AK. One, however, revealed SCC,
which was invasive into the superficial dermis, below
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Fig 2. Horizontal sections from depths in epidermis corresponding to lettered lines in Fig 1. Left column is conventional
histopathology of AK, center is CM of AK, and right column is CM of adjacent normal skin. Sections were obtained by means
of conventional histopathology of AK in Fig 1 (hematoxylin-eosin stain; original magnification x20; 0.4 numerical aperture,
dry objective lens), CM of AK in Fig 1 (x30, 0.9 numerical aperture, water immersion objective lens, scale bar = 25 pm),
and CM of adjacent normal skin (original magnification x30, 0.9 numerical aperture, water immersion objective lens, scale
bar = 25 um). A, Stratum corneum. Irregular hyperkeratosis of AK is evident on conventional histopathology and CM, con-
trasting with smooth surface of normal skin. B, Stratum granulosum. Conventional histopathology and CM demonstrate
uniform, evenly spaced, broad keratinocytes both in AK and normal skin. In CM images, nuclei appear dark in contrast to
bright, refractile cytoplasm. C, Stratum spinosum. Conventional histopathology and CM of AK show enlarged, pleomorphic
nuclei with haphazard orientation, contrasting with small, uniform, evenly spaced nuclei from normal skin. D, Stratum
basale. Conventional histopathology and CM of AK show enlarged, pleomorphic nuclei with haphazard orientation, con-
trasting with small, uniform, evenly spaced nuclei from normal skin. In CM images, dermal papillae appear as well-demar-
cated, dark holes in epidermis (arrowheads), containing blood vessels (arrow).
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Fig 3. Histopathology of SCC, vertical section. Lines A, B, and C represent depths in the epi-
dermis corresponding to horizontal sections in Fig 4. (Hematoxylin-eosin stain; original mag-
nification x4, 0.1 numerical aperture, dry objective lens.)

the imaging depth of CM. Fig 3 shows the superficial
histopathology of this lesion in traditional vertical
section, whereas the images at the left in Fig 4 are
horizontal histopathologic sections of the same
lesion. The images at right in Fig 4 were taken during
CM of the lesion, at depths corresponding to the let-
tered lines in Fig 3.

In Figs 3 and 4, the stratum corneum of the SCC
(Fig 4, A, left, right) demonstrates significant hyper-
keratosis, accounting for the inability to image deep
into the epidermis. Histopathology of the upper epi-
dermis (Fig 4, B and C, left) shows a mass of disor-
ganized pleomorphic keratinocytes with widespread
dyskeratosis. The cytologic atypia and architectural
disarray are evident in the stratum spinosum on CM
(Fig 4, C, right). However, CM was unable to image
deeply enough into the epidermis to visualize the
invasion occurring at the dermoepidermal junction.
Fortunately, CM was able to characterize a slight vari-
able enlargement of nuclei and architectural disarray
in the stratum granulosum (Fig 4, B, right), distin-
guishing this lesion from the others clinically diag-
nosed as AK. Cytologic atypia reaching the top of the
epidermis is a defining feature of SCC, and these
slight changes on CM in the stratum granulosum (Fig
4, B, right) attest to the diagnosis of SCC obtained by
biopsy in retrospect.

DISCUSSION
The diagnosis and treatment of AK are important
because these lesions represent precursors to SCC

that can be cured before malignant degeneration.
Real-time reflectance CM offers an unprecedented
opportunity to differentiate AKs from benign and
malignant lesions without biopsy. In this study, CM was
able to demonstrate pathologic features of AKs includ-
ing cytologic atypia and architectural disarray limited
to the lower portion of the epidermis. These features
were not seen in adjacent normal appearing skin with
the exception of one patient with diffuse photodam-
age, who may have had an early AK in this area.

Unfortunately, depth of penetration imposes a
major limitation on CM in the diagnosis of AKs, espe-
cially in hypertrophic and hyperkeratotic lesions,
which are more likely to be malignant. In practice, the
majority of AKs are surmounted by significant hyper-
keratosis, which impedes the penetration of CM into
the viable epidermal layers. Although, for the purpos-
es of this study, we restricted our imaging to only
slightly hyperkeratotic lesions, we were able to image
the dermoepidermal junction in only half. CM would
offer complete epidermal imaging much less fre-
guently without this artificially imposed restriction.
Moreover, confirmation of the clinical diagnosis is less
critical for thin, slightly hyperkeratotic AKs because
the incidence of SCC rises considerably as lesions
become more hypertrophic and hyperkeratotic. For
such lesions with more critical diagnostic import,
nonoptimized CM performs less well.

The dermoepidermal junction and the stratum
basale are important in the pathophysiology of epi-
dermal neoplasms. In AKs, keratinocyte atypia orig-
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Fig 4. Horizontal sections of SCC from depths in epidermis corresponding to lettered lines in
Fig 3. These were obtained using conventional histopathology (left, hematoxylin-eosin stain;
original magnification x10, 0.25 numerical aperture, dry objective lens) and CM (right, original
magnification x30, 0.9 numerical aperture, water immersion objective lens, scale bar = 25 um).
A, Stratum corneum. Thick, irregular hyperkeratosis evident on both conventional
histopathology and CM. B, Stratum granulosum. Conventional histopathology reveals prema-
ture keratinization and obvious architectural disarray, features that appear more subtle on CM.
A dyskeratotic cell was identified on CM (arrowhead). C, Stratum spinosum. Both conven-
tional histopathology and CM show enlarged, pleomorphic nuclei with haphazard orientation.
Dyskeratosis and an inflammatory infiltrate are evident on conventional histopathology.

inates in the basal layer and moves upward, where-
as in SCC, invasion proceeds from the stratum
basale downward through the dermoepidermal
junction. The inability of CM to image to this level
in potentially malignant hyperkeratotic lesions
excludes important information from the diagnos-
tic process. In one patient in this study, CM was
barely able to distinguish an SCC that was clearly

evident with traditional histopathology by virtue of
invasion through the dermoepidermal junction.
Instead, CM must rely on the fact that cytologic
atypia in SCC involves the full thickness of the epi-
dermis, including the stratum granulosum, which
can be imaged easily in all but the most hyperkera-
totic lesions. In retrospect, this SCC in our study
was distinguished by slight nuclear enlargement
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and pleomorphism in the stratum granulosum.
However, although granular nuclear enlargement
and pleomorphism support the diagnosis of inva-
sive SCC, the distinction between invasive SCC and
SCC in situ or bowenoid AK is impossible without
visualizing the dermoepidermal junction.

Despite these limitations, CM may become an
alternative to biopsy in the diagnosis of AKs. In the
future, advances in the technology of CM may
improve its optical penetration depth. Moreover, the
laser power could be increased to intensify imaging
at deeper levels. The refractive index mismatch
between skin (1.34) and water (1.33) or gel (1.3335)
can be improved by devising more optimal immer-
sion media. The irregular surface of hyperkeratotic
skin and air trapped between scales also represent
hindrances to imaging that can be addressed. A solu-
tion with the appropriate refractive index and ade-
quate diffusion properties can be applied to fill in
the air pockets that disrupt imaging. Alternatively,
removal or dissolution of the hyperkeratotic stratum
corneum could facilitate more complete imaging of
the epidermis. Notwithstanding, this preliminary
study demonstrates the ability of CM to distinguish
pathologic features of nuclear enlargement, nuclear
pleomorphism, and architectural disarray that char-
acterize epidermal neoplasms.
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