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Multimodal Optical Coherence Tomography:
Imaging of Blood and Lymphatic Vessels of the Vulva
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The aim of the study was to test the method of optical coherence tomography (OCT) for its ability to obtain images of blood and
lymphatic vessels of the vulva.

Materials and Methods. The study was performed using a multimodal optical coherence tomography device developed in the Institute
of Applied Physics of the Russian Academy of Sciences (Nizhny Novgorod). In this setup, 3D images of 3.4x3.4x1.25 mm are created
within 26 s. OCT angiography and OCT lymphangiography are based on the speckle structure analysis. Visualization of blood and lymphatic
vessels does not require any additional contrast agents.

A histological study of vulvar biopsy samples from two locations was performed in 3 patients without vulvar pathology and in 5 patients
with vulvar lichen sclerosus; the results were then compared with 3D OCT images obtained at the same locations.

Results. Using the multimodal OCT, we found that normal mucous membrane of the vulva had a well-developed network of blood and
lymphatic vessels; their diameters were increasing with depth. In the subepithelial zone, only blood capillary loops could be seen, whereas
lymphatic capillaries became detectable starting from a depth of 170 ym (submucosa layer).

In the case of vulvar lichen sclerosus, the density of the blood vessel network decreases dramatically and the capillary loops in the
subepithelial zone disappear. Lymphatic vessels become detectable at a depth of 300 um, and only few thin vessels can be detected at
depths of 300 to 600 ym. The results suggest that the presentation of blood and lymphatic vessels depends on the state of the vulvar
connective tissue. Specifically, the number of blood and lymphatic vessels is reduced in areas of hyalinosis and sclerosis of collagen
fibers.

Conclusion. For the first time, using multimodal OCT, an in vivo study of blood and lymphatic vessels of the vulvar mucosa was
performed on normal and lichen sclerosus-affected vulva; the obtained OCT images were then compared with histological images of the
same tissues. The OCT method allows one to diagnose a zone of hyalinosis and sclerosis of collagen fibers characterized by an abnormally
low number of blood and lymphatic vessels.

Key words: OCT angiography; OCT lymphangiography; vulva; lichen sclerosus; OCT microcirculation; blood vessels; lymphatic
vessels.
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Introduction

Lichen sclerosus is a chronic inflammatory of skin
and mucous disorder of genital and extragenital
localization. This is a debilitating disease manifested in
itching, pain, dysuria, urination problems, dyspareunia,
and sexual dysfunctions in women [1]. The etiology
of lichen sclerosus is still not clear, but recent data
point to the autoimmune etiology of the disease in
genetically predisposed individuals. Thus, in a study
of Oyama et al. [2], circulating autoantibodies to ECM1
(extracellular matrix protein 1) were found in about 75%
of patients with lichen sclerosus (versus 7% in control).
Confirmation of these data can be found elsewhere [3].

Normally, ECM1 is expressed in various components
of the skin, including all active epidermis layers, blood
vessel walls and collagen fibers of the dermis, thereby
contributing to the maintenance of the overall skin
structure. The ECM1 is known to be involved in the
control of keratinocyte differentiation of the epidermis; it
plays a role in the structural organization of the dermis,
where it binds to perlikan, matrix metalloproteinase 9
and fibulin; it also stimulates the process of angiogenesis
and proliferation of endothelial cells [4].

Dysfunction of ECM1 in lichen sclerosus occurs due
to an autoimmune reaction and leads to hyperkeratosis
and/or atrophy of the epithelium, homogenization,
sclerosis, and hyalinosis of collagen fibers in the dermis,
and damage to the endothelium leading to increased
permeability of the vascular wall [4]. In lichen sclerosus,
a decrease in ECM1 expression in blood vessels occurs
against the background of increased synthesis of type V
collagen, which causes hyalinisation of the subepithelial
zone [5]. It is important to note that the hyalinization
of blood capillaries and collagen fibers of the papillary
dermis is a classic sign of lichen sclerosus; back in 1986,
this symptom was proposed as a marker of severity of
this disease [6].

In a number of studies, changes in blood vessels
during the development of vulvar lichen sclerosus were
studied in detail [7-9]. Thus, in [8], several phenomena
were discovered using electron microscopy and
immunohistochemical staining of biopsy material:
a) damage to endothelial cells of blood vessels due
to the detachment of pericytes from the endothelium;
b) disruption of blood vessel architectonics; and
c) disappearance of capillaries from the papillary
dermis.

The data about the role of lymphatic vessels in the
pathogenesis of lichen sclerosus is lack. In healthy skin,
lymphatic vessels are blind-ending vessels originating in
the interstitial space of the dermal papillae. Lymphatic
capillaries range from 30 to 80 um in diameter; their thin
walls consist of one layer of endothelial cells shaped as
an oak leaf [10]. The lymphatic vasculature plays a role
in the mechanisms of local inflammation and immunity;
its dysfunction can lead to uncontrolled inflammation.
Lymphatic insufficiency makes the skin and/or mucous
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membrane vulnerable to infection, inflammation and
even malignancy [10-12].

The in vivo diagnosis of vulvar dystrophic diseases
is complicated by the lack of informative and objective
imaging methods. To rule out malignancy, vulvoscopy is
usually performed to detect atypical epithelium. A serious
limitation of vulvoscopy is its sensitivity to the epithelium
thickness, which is uneven in different parts of the vulva,
varies from patient to patient and can be masked with
stratum corneum on the surface. Until now, there are no
generally accepted vulvoscopic signs of vulvar dystrophy;
therefore, the diagnostic value of vulvoscopy is debatable
[13]. The gold standard for diagnosing vulvar dystrophy is
still the histological analysis of biopsy samples.

Multimodal optical coherence tomography (OCT) is a
non-invasive method for obtaining images of biological
tissues with a high spatial resolution (10—-15 um) up to a
depth of 1.5 mm [14, 15]. Using OCT, one can evaluate
both the general structure of biological tissue (number
and thickness of its layers), the state of the connective
tissue, and microcirculation (blood flow and lymph
flow) in real time. This approach has already proven
itself in solving a number of tasks, e.g., visualizing the
microcirculation in the oral mucosa [16] and monitoring
the vascular response to treatment [17, 18].

OCT lymphangiography is based on the analysis of
spatio-temporal speckle statistics in areas of interest; this
statistics is then compared with the expected one [19,
20]. In the OCT, microcirculation in blood and lymphatic
vessels is visualized without using any contrast agents.

We were unable to find reports on in vivo studies
of blood and lymphatic vessels in the vulvar tissue.
Therefore, the aim of this research was to assess the
feasibility of using multimodal OCT for studying vulvar
blood and lymphatic vessels in normal tissues and those
affected with lichen sclerosus.

Materials and Methods

Characterization of patients. The study involved
patients undergoing treatment in the Department of
Gynecology of the N.A. Semashko Nizhny Novgorod
Regional Clinical Hospital. Eight patients were divided into
two groups. In group 1, there were three women (without
vulvar diseases) hospitalized for vaginal wall prolapse.
Their average age was 49 years old (30-65 years old).
Group 2 included 5 women with vulvar lichen sclerosus;
they complained of dry vulvar mucosa and severe itching,
especially at night. The average age of women in this
group was 57.2 years old (46-68 years old). The OCT
study was conducted in patients without pronounced
hyperkeratosis, which prevents the light penetration.

All studies were approved by the Ethics Committee
of the Privolzhsky Research Medical University. OCT
studies were performed with informed consent of the
patients.

Multimodal OCT. The study of vulvar blood and
lymphatic vessels was performed by means of the in
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vivo multimodal OCT method without using contrast
agents. The spectral OCT device was developed at
the Institute of Applied Physics, Russian Academy
of Sciences (Nizhny Novgorod) [21, 22]. The source
of light in the OCT is a superluminescent diode with a
central wavelength of 1310 nm and a spectrum width of
100 nm. The longitudinal resolution is 10 um, the lateral
resolution is 15 um (the full beam width is at the half of its
maximum). In this setup, 3D images of 3.4x3.4x1.25 mm
are created within 26 s. The OCT setup is equipped with
a flexible fiber-optic probe, which ends with a “pencil”
type lens (length — 15 cm, diameter — 1 cm) and
is intended for contact examination of a tissue. OCT
angiography and OCT lymphangiography are based on
the analysis of the speckle structure [23, 24].

For each patient, a 3D OCT data set was obtained
from two areas (right and left) located in the central
zone at the border of the inner and middle vulvar rings
[13]. For each point, we then obtained 2D images of the
tissue in-depth cross section — a structural OCT image.
From this image, the number of layers, thickness of the
epithelium, the presence of keratin masses, and the
OCT signal from the connective tissue were estimated.

En-face images of blood and lymphatic vessels at
various depths were also obtained.

Histological analysis. Morphology of the vulvar
tissues was studied using histological microscopy
after staining with hematoxylin and eosin and
picrofuchsin according to Van Gieson. Verification of
lymphatic vessels in the vulvar tissue was performed
by immunohistochemistry using antibodies to
Podoplanin — the lymphatic endothelial cell marker.
Histological preparations were evaluated using a Leica
DM 2500 microscope (Leica Biosystems, Germany) with
a DFC 245 C digital video camera in transmitted light.
Biopsy material was taken immediately after the OCT
observation had been completed. The biopsy accuracy
was ensured by marking the boundaries of the OCT
measurement.

Results and Discussion

OCT imaging of normal vulvar tissue. Normally, the
skin and mucous membrane of the vulva are uniformly
pale-pink. In OCT images, a layered structure is clearly
seen (Figure 1 (a), (b)). The upper layer with low signal

Figure 1. Patient K., 67 years old; mucous membrane of the vulva without pathology:

(a) area where the OCT study and biopsy were performed; (b) structural OCT image (B-scan);
(c) immunohistochemical staining of lymphatic vessels using antibodies to Podoplanin; (d) and
(d") blood and lymphatic vessels (en-face OCT images) in the subepithelium zone at a depth of
up to 170 pm from the surface of the vulva; (e) and (e') blood and lymphatic vessels at a depth of
170-300 pm; (f) and (f') blood and lymphatic vessels at a depth of 300—450 ym; (g) and (g') blood
and lymphatic vessels at a depth of 450-600 um; bar size is 1 mm. Arrows indicate lymphatic
vessels. E — epithelium; CT — connective tissue; LV — lymphatic vessels
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amplitude corresponds to the epithelium. The thickness
of the epithelium is even, the border with the underlying
connective tissue is contrasting. The OCT signal from
the connective tissue is high; it attenuates rapidly with
depth.

Elongated inclusions with a low OCT signal, which
are visible in the connective tissue, correspond to
lymphatic vessels upon immunohistochemical staining
(Figure 1 (c)). In OCT angiographic images (Figure 1
(d)—(g)), a dense network of blood vessels is visualized.
In the subepithelial layer, at a depth of about 170 um
from the tissue surface, one can see mostly blood
capillary loops (see Figure 1 (d)). In deeper layers of the
connective tissue, at depths of 170 to 600 um, a network
of arterioles and venules appears. The vessel diameter
increases with depth (see Figure 1 (e)-(g)). The
OCT angiography is sensitive to flows in vessels with
micrometer-size diameters (subresolvable capillaries)
and wider; the minimum capillary size required for
creating an OCT angiogram is close to the resolution
capacity of the OCT system (15 um).
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Unlike blood vessels, lymphatic vessels form a less
dense network of larger vessels (Figure 1 (d')—(g’')). The
largest lymphatic vessels are located in the connective
tissue at a depth of 300450 um (see Figure 1 (f')). It
is important to note that in the subepithelial layer, at a
depth of up to 170 um from the tissue surface, lymphatic
vessels are not visualized by OCT-lymphangiography
(see Figure 1 (d')). This can be explained by the fact
that lymphatic capillaries have not yet been formed in
this area. Here, the lymphatic system is represented by
so-called prelimphatics, i.e., tissue gaps along bundles
of collagen fibers [25], with the size below the OCT
resolution capacity.

OCT imaging of vulvar tissue in lichen sclerosus.
This type of lichen is clinically manifested by porcelain-
white papules or plaques, which are accompanied by
redness, hyperkeratosis, cracks, and erosion (Figure 2
(a)). In the examined patients, it spread to the labia
minora, labia majora, clitoris, and adjacent areas.

In the OCT images, vulvar tissues affected by lichen
sclerosus retain a layered structure, but the epithelium

Figure 2. Patient K., 58 years old. Diagnosis is vulvar lichen sclerosus:

(a) area where the study was performed; (b) structural OCT image (B-scan); (c) histological preparation
stained with hematoxylin and eosin; (d) immunohistochemical staining of lymphatic vessels using antibodies
to Podoplanin; (e) and (e) blood and lymphatic vessels (en-face OCT images) in the subepithelium zone
at a depth of up to 170 um from the surface of the vulva; (f) and (f) blood and lymphatic vessels at a depth
of 170-300 um; (g) and (g’) blood and lymphatic vessels at a depth of 300450 um; (h) and (h’) blood
and lymphatic vessels at a depth of 450-600 pym; bar size is 1 mm. E — epithelium; CT — connective
tissue; LV — lymphatic vessels. White arrows indicate keratin masses accumulated on the surface of the

epithelium, black arrows — lymphatic vessels
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becomes very thin (atrophic) with an even thickness
(Figure 2 (b)). According to the histological data, the
thickness of the epithelium is 35-55 uym. Its border with
the connective tissue is less contrasted than normally.
Bright spots indicative of hyperkeratosis appear on the
surface of the epithelium (Figure 2 (c)). In B-scans, there
are very few elongated inclusions in the connective
tissue (lymphatic vessels).

In histological sections, the connective tissue
looks changed. In the foci of chronic inflammation,
sclerotic collagen fibers are obtained (see Figure 2
(c)). Sclerosis begins immediately under the epithelium
and spreads deeper (in our observations, from 145 to
880 um). In some cases, foci of hyalinosis are noted
in the sclerotized stroma of the subepithelial zone. In
areas of sclerosis and hyalinosis, there are fewer blood
vessels in the subepithelial zone; in addition, vascular
and perivascular sclerosis can be seen in almost all
blood vessels. There are isolated if any lymphatic
vessels in this area (Figure 2 (d)). In deep layers of
the connective tissue, where the collagen fibers remain
intact (under the zone of sclerosis), the blood and
lymphatic vessels are unchanged and present in large
numbers.

In OCT angiographic images of lichen sclerosus at
all depths tested, the blood vessel network is much less
developed compared to the norm (Figure 2 (e)—(h)). In
the subepithelial zone, at a depth of 170 ym from the
surface, the blood capillary loops characteristic of the
normal mucous membrane, disappear. There are either
no capillaries or just fragmented vessels in this zone
(see Figure 2 (e)). It is known that OCT angiography
is able to visualize only vessels with active blood flow
[26]. Vessels with critically low or zero blood flow are
no longer visible. Perivascular sclerosis of the blood
vessel walls, leading to a significant decrease in the
vessel lumen, in all likelihood, is the cause of poor
visualization of blood vessels in OCT angiographic
images.

In the OCT lymphangiographic images of lichen
sclerosus, at a depth of up to 300 um, lymphatic vessels
characteristic of the normal vulvar mucosa, are not seen
(Figure 2 (e), (f")). Further, at depths of 300 to 600 um,
in some cases very thin and fragmented lymphatic
vessels can be found (Figure 2 (g'), (h')). The above
changes are caused by gross abnormalities of the
connective tissue — sclerosis and hyalinosis of collagen
fibers.

In summary, OCT structure imaging of the multilayer
vulvar tissue combined with OCT angiography and
lymphangiography, allows one to conduct an in vivo
(without contrast agents) real-time visualization of the
epithelium, connective tissue, and networks of blood and
lymphatic vessels. This OCT modality makes it possible
to assess the tissue structures at different depths and
thereby detect damage to the connective tissue affected
by lichen sclerosus as well as monitor the tissue state
during treatment.
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Conclusion

For the first time, the multimodal OCT method has
been used to study microcirculation (blood flow and
lymph flow) at different depths of the vulvar mucosa
under normal and lichen sclerosus conditions. The
results suggest that the architectonics of blood and
lymphatic vasculature depends on the state of the
connective tissue. Thus, sclerosis and hyalinosis of the
subepithelial layer lead to a dramatically decrease in
density of the blood vessel network and almost complete
disappearance of lymphatic vessels, which further
impairs the tissue trophic.
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