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Abstract. Employment of chlorin-based photosensitizers (PSs) provides additional advantages to photody-
namic therapy (PDT) due to absorption peak around 405 nm allowing for superficial impact and efficient
antimicrobial therapy. We report on the morphological and clinical study of the efficiency of PDT at 405 nm
employing chlorin-based PS. Numerical studies demonstrated difference in the distribution of absorbed dose
at 405 nm in comparison with traditionally employed wavelength of 660 nm and difference in the in-depth
absorbed dose distribution for skin and mucous tissues. Morphological study was performed at the inner surface
of rabbit ear with histological examinations at different periods after PDT procedure. Animal study revealed
tissue reaction to PDT consisting in edema manifested most in 3 days after the procedure and neoangiogenesis.
OCT diagnostics was confirmed by histological examination. Clinical study included antimicrobial PDT of phar-
ynx chronic inflammatory diseases. It revealed no side effects or complications of the PDT procedure.
Pharyngoscopy indicated reduction of inflammatory manifestations, and, in particular cases, hypervasculariza-
tion was observed. Morphological changes were also detected in the course of monitoring, which are in
agreement with pharyngoscopy results. Microbiologic study after PDT revealed no pathogenic bacteria; how-
ever, in particular cases, saprophytic flora was detected.© 2018 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10

.1117/1.JBO.23.9.091412]
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1 Introduction
Photodynamic therapy (PDT) is a modern minimally invasive
treatment technique that has demonstrated efficiency for a
wide range of clinical applications. Currently, PDT is actively
employed for antitumor treatment1,2 and is being involved in
antimicrobial and anti-inflammatory action due to high resis-
tance of these pathologies to drug treatment.3–8 Recently,
PDTwas introduced as a technique for skin antiaging treatment
in aesthetic medicine.9–14 PDT is a multifactor approach involv-
ing three main components, namely, photosensitizer (PS), light,
and oxygen. The main PDT effects induced by the photody-
namic reactions are direct cytotoxic impact to cells, tumor vas-
culature damage, and immune reactions.1,2,15,16 Along with high
efficiency the advantages of PDT include minimal invasiveness
to surrounding healthy tissues and weak systemic effects that
ensure organ preservation and good functional results.

Reported PDT studies prove its efficiency and allow one to
predict its wider employment in clinical practice indicating,
however, the possibility and the need for the technique
optimization.4,15–17 One of the ways for PDT advancement is
the optimization of the PDT regimes.

PDT procedure can be enhanced by employment of addi-
tional illumination wavelength for alternative or complementary
light exposure.17–22 Chlorin-type PSs have two pronounced

absorption peaks in the red and blue regions of the visible
range. Traditionally, red light is employed for PDT owing to
its deeper penetration into tissues as compared with blue one.
However, complementary application of both wavelengths
could be advantageous given better knowledge on fluence dis-
tribution with particular treated tissues and tissue reactions to the
procedure.

Currently, there is no unified opinion on the results of the
application of these optical ranges. On the one hand, it was dem-
onstrated that employment of the optical range of 400 to 450 nm
provides higher safety in case of vast pathologic areas;18 paper20

demonstrates higher efficacy of blue light in antiaging skin
impact, whereas other groups report that no significant
differences in applications of different optical ranges were
revealed.21 It is worth mentioning that the effects of different
optical ranges in PDT are studied insufficiently both from the
point of view of antibacterial effects and morphological and
pathophysiological reactions of tissues. Comparison of applica-
tion of different light sources for inactivation of various organ-
isms in anti-inflammatory PDT is reported in paper,6 whereas
paper22 is one of the few reporting an attempt to analyze
PDT mechanisms and reactions depending on the wavelengths
employed.

Another way of optimization of a PDT procedure and its effi-
ciency increase consists in account for individual patient
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features and corresponding correction of impact regimens.
Monitoring of PDT procedure allows for real-time evaluation
of tissue reaction via parameters related to PS accumulation
and photobleaching and, if necessary, correction of the PDT
course. Imaging techniques are of key importance for tissue
monitoring in the course of PDT procedure. Optical imaging
techniques have high potential in this application due to the abil-
ity for real-time noninvasive monitoring of the efficiency of pho-
todynamic reaction in combination with compactness and
economic efficacy.23–25 Most of the studies employ fluorescence
imaging (FI) allowing one to evaluate PS accumulation level,
monitor PS photobleaching, and clarify the tumor border in
oncologic applications.26–30 Combination of FI with spectros-
copy techniques allows for simultaneous monitoring of singlet
oxygen production in the course of PDT procedure.31,32 Optical
coherence tomography (OCT) allows for assessment of imme-
diate tissue morphologic response and PDT procedure
outcomes.33,34 Recently, OCT angiography was reported to pro-
vide monitoring of functional tissue response to PDT.35

Evaluation of the post PDT microvascular damage from OCT
angiography may serve as an indicator of the PDT efficiency.
Multimodal approaches with hybrid or complementary use
of optical imaging techniques were reported in several
studies.36–38 An important aspect consists in further improve-
ment of the abilities of optical imaging techniques for monitor-
ing of microcirculation in the course of PDT.39,40

This paper combines three aspects of employing PDT with
chlorin-based PS with irradiation at the wavelength of 405 nm
compared with traditionally employed wavelength of 660 nm:
numerical simulation of light propagation allows one to evaluate
the distribution of the absorbed dose in tissue, animal study
reveals differences in tissue response to PDT, whereas clinical
studies report on treatment results for PDT with optical moni-
toring assistance.

Numerical studies include comparison of spatial distribution
of the absorbed dose within tissue for the wavelengths of 405
and 660 nm derived from the results of Monte Carlo simulations.
Animal study includes monitoring of PDT procedures at two
specified wavelengths by complementary use of OCT and FI
with subsequent histological studies. Pilot human studies dem-
onstrate the efficiency of antimicrobial PDT for treatment of
inflammatory pathologies of pharynx assisted by visual and
OCT monitoring.

2 Materials and Methods

2.1 Monte Carlo Simulations

In this study, we employed previously developed Monte Carlo
code41,42 to simulate dose absorption maps for irradiation of skin
and mucous tissue at the wavelengths of 405 and 660 nm and
compare typical impact depths. Monte Carlo technique is based
on the simulation of a large number of random photon walks in a
given turbid medium with the specified optical properties and
subsequent statistical analysis of the collected data.

The simulation was performed for uniform illumination with
a total light dose of 50 J∕cm2 (0.5 J∕mm2) at the surface that
corresponded to the parameters of the regimes employed in ani-
mal and clinical studies. When describing the simulation results
all the delivered doses are given in J∕mm2 and absorbed dose
densities are given in J∕mm3 because the typical scale is of order
of mm.

We considered a three-layer skin model, consisting of stra-
tum corneum (50 μm), epidermis (150 μm), and dermis
(3.8 mm), and a single layer model for mucous tissues.
Tissue optical properties employed in Monte Carlo simulations
are summarized in Table 1. The refractive index amounted 1.4
for all the layers.

2.2 Animal Study

Morphological and functional changes in tissues as a result of
PDT procedure were studied at the skin of a rabbit ear inner
surface. The studies are approved by the Ethical Committee
of the Nizhny Novgorod State Medical Academy (Protocol
#13, 03.10.2017). Topically applied drug “Revixan” (Revixan
Ltd., Russia) based on chlorin-type PS was employed in the
study. The drug contains pure chlorin e6 in a concentration
of 0.1% vol. The “Revixan” gel in the amount of 2 mL was
administered to the rabbit ear inner surface with a cotton
swab. In 20 min after application the rest of the gel was
removed, as well, with a cotton swab. A laser at the wavelength
of 405 nm (M-33A405-500-G, Shenzhen 91 Laser Co., Ltd.,
China) was employed as a light source; the total impact light
dose was 50 J∕cm2. The dose was chosen in accordance with
the typical doses employed in antimicrobial PDT (for example,
see Refs. 47–49). The irradiance at the tissue area was tuned to
0.4 W∕cm2 resulting in total illumination time of 125 s. The
treated area was 2 × 3 cm2, a total of six areas were treated.
Optical monitoring of a PDT procedure was performed by
OCT (OCT-1300E device, BioMedTech, IAP RAS, Nizhny
Novgorod, Russia) and FI (fluorescence imaging device,50

IAP RAS, Nizhny Novgorod, Russia). OCT imaging was per-
formed before PS administration (intact tissue), in 15 min after
PS administration, immediately after laser impact, in 1, 3, and 7
days after PDT procedure.

The tissue changes were verified morphologically. Biopsy
samples for histological studies were taken in 1, 3, and 7
days after the PDT procedure. Biopsy samples were subjected
to staining with hematoxylin-eosin. Morphological studies were
performed employing Leica DM 2500 microscope. The follow-
ing parameters were analyzed: signs of edema and inflammation
and the area of the newly formed vessel. The degree of edema
(percentage of edema lumen between tissue elements) and
inflammation (the presence of neutrophils and lymphocytes)
was evaluated by semiquantitative three-grade scale depending
on the manifestation in histology images (criteria are shown in

Table 1 Typical optical properties of skin and mucous tissues at the
wavelengths of 405 and 660 nm.43–46

405 nm 660 nm

d (mm) g μa (mm−1) μs (mm−1) μa (mm−1) μs (mm−1)

Skin

Stratum
corneum

0.05 0.9 20 200 10 200

Epidermis 0.15 0.8 1.3 35 0.3 23

Dermis 3.8 0.8 0.9 27 0.15 14

Mucosa 4 0.8 0.5 18 0.01 6
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Table 2). Criteria for moderate and pronounced inflammation
also include the presence of plethora, which is manifested by
the excessive presence of erythrocytes in the dilated vessel lumens.
For each score, an average over 10 fields of view was taken; a field
of view size is 0.65 × 0.44 mm (×400 magnification).

The area of the newly formed vessels lumen was calculated
as the relative area of newly formed vessels lumens in histology
images averaged over 10 fields of view. The newly formed ves-
sels were distinguished in the histology images as small vessels
with thin walls and young endotheliocytes. The variation of the
area was expressed in percentage with respect to the control
value before PDT procedure.

2.3 Human Subject Study

Evaluation of the efficiency of antimicrobial PDT was per-
formed in the frames of a clinical study. The study was approved
by the Ethical Committee of Nizhny Novgorod State Medical

Academy (Protocol #7, 03.07.2017) for studies with human sub-
jects. All the patients signed an informed written consent. A
total of eight patients with exacerbation of chronic pharyngitis
were enrolled in the study and underwent antibacterial PDT
treatment. For all the patients, a microbiology study was per-
formed to determine the etiology of the diseases and OCT
inspection of pharynx mucosa was made to evaluate its morpho-
logical and functional condition. Each patient underwent three
PDT procedures performed daily (days 1, 2, and 3; day 1 is the
day of the first PDT procedure); visual and OCT inspection of
the treated area was performed after each procedure and then in
3 and 7 days after the first procedure (days 1, 2, 3, 4, and 8).
PDT procedure was performed in the course of standard pharyn-
goscopy inspection with topically applied chlorin-based drug
“Revixan” (Revixan Ltd., Russia) in the form of gel. The
drug contains pure chlorin e6 in a concentration of 0.1% vol.
In each patient, 2 mL of the “Revixan” gel was administered
to the mucous membrane of the posterior pharyngeal wall
with a cotton swab. In 20 min after application the rest of
the gel was removed, also with a cotton swab. After removal,
a laser impact was performed at the wavelength of 405 nm
with the light dose of 50 J∕cm2. The radiation was delivered
to pharynx through a special diffusor emitting average irradi-
ance of 0.2 W∕cm2 at a distance of 1.5 cm from the diffusor
surface. The irradiation time was 250 s and the approximate
area of the irradiated pharynx sector was 4 × 5 cm2. Local anes-
thesia was not required for the PDT procedure. There were no
patients with strong pharyngeal reflex enrolled in the study.

3 Results and Discussion

3.1 Numerical Studies

The simulated absorption maps for planar irradiation at the
wavelength of 405 nm for skin and mucous tissues are
shown in Figs. 1(a) and 1(b), respectively. The local absorbed

Table 2 Semiquantitative scale for evaluation of the degree of
edema and inflammation.

Score
Manifestation

degree
Criteria for
edema

Criteria for
inflammation

+ Weak edema lumen
percentage <15%

1 to 5 neutrophils
in the field of view

++ Moderate edema lumen
percentage
between 15% and
25%

5 to 10 neutrophils
in the field of view,
presence of
plethora

+++ Pronounced edema lumen
percentage
between >25%

>10 neutrophils in
the field of view,
presence of
plethora

Fig. 1 Distribution maps of absorbed light dose density for (a, b) skin and (c, d) mucous tissue at a
wavelength of (a, c) 405 nm and (b, d) 660 nm. Color encoding corresponds to the dose density in
J∕mm3. The left panels demonstrate in-depth attenuation of local absorbed dose for 405 (blue line)
and 660 (red line) nm.
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dose densities are given in J per mm3. Similar maps for the
wavelength of 660 nm traditionally employed for PDT with
chlorin-based PS are shown in Fig. 1(c) and 1(d) for compari-
son. The maps allow one to analyze the distribution of the
absorbed dose over depth Z. For skin, the largest part of
light energy is absorbed in the upper stratum corneum layer,
whereas for mucosa the distribution is more uniform.

To quantitatively characterize the part of the total incident
light intensity (0.5 J∕mm2) coming to the tissue surface, we
built the dependence of the light intensity absorbed in the
upper tissue layer on the layer thickness (Fig. 2). Unlike the
absorption maps shown in Fig. 1, this dependence has a cumu-
lative effect as it demonstrates the entire dose absorbed in the
medium starting from the tissue surface down to the given depth
Z, which is more critical in clinical applications where the dose

delivered to the treated area should be evaluated. In the case of
skin, the absorbed dose demonstrates a pronounced jump at
small depths originating from the absorption in the stratum cor-
neum layer; however, further increase in Z demonstrates slow
growth because the major intensity was absorbed or backscat-
tered in the upper layers. Surprisingly, for skin, the dependen-
cies for the considered wavelengths do not differ dramatically.
On the contrary, the single-layer model for mucous tissue dem-
onstrates more steady increase of the absorbed dose with an
increase in the layer thickness; however, the total absorbed
dose varies greatly due to significant difference in the absorption
coefficients of mucosa at 405 and 660 nm, respectively. All the
demonstrated dependencies show saturation character indicating
that lower depth contributes insignificantly to the total absorbed
dose. For skin, for both wavelengths the saturation values lie
around 0.20 J∕mm2 indicating that about 40% of the incident
energy is absorbed within tissue, whereas the obtained depend-
encies demonstrate depth distribution. For mucosa, the satura-
tion value for 405 nm is about 0.28 J∕mm2 indicating that
around 56% of the incident intensity is absorbed. This value
is higher than that for skin due to high scattering in stratum cor-
neum resulting in high backscatter from the tissue. For 660 nm,
the absorbed energy is much smaller approaching 0.03 J∕mm2

(6% of the incident intensity) for the layer thickness of 4 mm.

3.2 Animal Studies

In the animal study, accumulation of the PS within the tissue was
confirmed by FI monitoring. Time evolution of the signals ratio
at two excitation wavelengths indicated deeper penetration of PS
into the tissue. The details of this approach to PDT monitoring
are given in paper.42

Visual inspection revealed no changes in the skin of the rab-
bit ear after the PDT procedure in the course of 8-day
monitoring.

Typical OCT-images of different parts of rabbit ear are shown
in Figs. 3(a) and 3(d). The upper layer with a total thickness of
approximately 300 μmwith moderate signal corresponds to skin
consisting of epidermis and dermis, superficial epidermis is thin
and can hardly be resolved in the OCT image. The lower dark

Fig. 2 Absorbed light dose at wavelengths of 405 and 660 nm in the
tissue upper layer of thickness Z for (a) skin and (b) mucous tissue
versus layer thickness.

Fig. 3 OCT images of intact skin of rabbit ear (a, d) before and (b, e) after drug topical administration and
(c, f) corresponding A-scans.
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layer with thickness of about 150 μm corresponds to cartilage
and is surrounded by two layers with high OCT signal corre-
sponding to perichondrium (30- to 50-μm thick). Comparison
of the intact tissue before and after drug application [Figs. 3(a)
and 3(d) versus Figs. 3(b) and 3(e)] allows one to conclude that
the drug acts as a clearing agent: it decreases scattering from the
top tissue boundary and increases the signal from deeper layers.
The gel, being the solvent of the PS, penetrates into the tissue
resulting in refractive index matching, such as traditional clear-
ing agents.51 Especially pronounced is the increase in signals
from the perichondrium and cartilage layers. To characterize
this effect quantitatively, the A-scans before and after drug ad-
ministration were plotted at the same graph [Figs. 3(c) and 3(f)].
Comparison of the one-dimensional in-depth OCT signal pro-
files (A-scans) confirms visually observed changes: the peak
from the top boundary disappears, whereas the signals from
perichondrium and cartilage rise. Clearing effect can serve as
an indicator of drug penetration and, hence, PS accumulation
in tissue and OCT can be employed to monitor PS penetration
dynamics in case of topical application.

In the course of OCT monitoring, dark elongated areas with
the low level of OCT signal were observed after the PDT pro-
cedure (Fig. 4); this effect was the most pronounced in 3 days
after the procedure [Fig. 4(c)]. In 7 days after the first procedure,
this manifestation became significantly weaker [Fig. 4(d)]. We

associate this effect with appearance of edema in the area of
treatment. This assumption is in agreement with the results
of histological studies.

Angiography images allow one to monitor the response of
the tissue microcirculatory system to the PDT procedure.
Visual evaluation shows that in 3 days after the PDT pro-
cedure, smaller vessels become more pronounced in the
angiographic OCT images and the vessel net becomes denser.
Indirectly, this may serve as an indication of activation of
small vessels.

Histological studies revealed that in 1 day after the PDT pro-
cedure, moderate edema is observed accompanied by moderate
lymphohistiocytic infiltration with single neutrophils. The ves-
sels have ordinary structure and their concentration corresponds
to normal histology of a rabbit ear [Fig. 5(a)].

In 3 days after the PDT procedure, the histology inspection
indicated the presence of a weak edema; however, the signs of
inflammation were not detected. An increase in the area of
newly formed vessel lumens in the histological images
amounted 12% to 15%, which is associated with neoangiogen-
esis [Fig. 5(b)]. In 7 days after the PDT procedure, no edema or
inflammation signs were revealed, whereas an increase in the
area of the newly formed vessels reached 30% to 35%
[Fig. 5(c)]. The results of the histological studies are summa-
rized in Table 3.

Fig. 4 (Top) Angiography and (bottom) structural OCT-images of (a) rabbit ear before, (b) in 1 day, (c) 3
days, and (d) 7 days after PDT procedure.

Fig. 5 Histology images (hematoxylin and eosin staining) of rabbit ear tissue in (a) 1, (b) 3, and (c) 7 days
after PDT procedure. The arrows indicate (a) edema manifestation, (b) vessel with thick wall, and
(c) newly formed vessel with thin wall.
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3.3 Clinical Studies

OCT inspection of the posterior pharyngeal wall mucosa
allowed one to distinguish two morphologically different
cases: hyperthrophic and atrophic pharyngitis. In case of hyper-
trophic pharyngitis [Figs. 6(a) and 6(b)], the epithelial layer
(upper layer with moderate signal in OCT image) is thickened
and the boundary between epithelium and lamina propria (layer
with high OCT signal) is not distinct. In subepithelial layer
(lower layer in the OCT image), the elongated zones with
low signal level are detected which is typical for edema. In
case of atrophic pharyngitis [Figs. 6(c) and 6(d)], the epithelial
layer is significantly thinned and can be hardly distinguished
above lamina propria. The revealed differences in the OCT
images allow one to preliminary conclude on the ability of
OCT for differential diagnostics of chronic pharyngitis due to
distinguishing specific morphologic features.

The criterion for inclusion a patient into the OCT-monitoring
group was the exacerbation of pharynx chronic inflammatory
disease with the indication for PDT treatment. Microbiological
examination of the smears from the posterior pharyngeal wall
mucosa preceded the PDT procedure indicating the presence
of diverse microorganisms: Staphylococcus haemolyticus,
Staphylococcus aureus, Streptococcus pyogenes, Escherichia
coli, and other less common causative agents.

In the course of treatment, no complications or side effects of
PDTwere observed in the patients enrolled. The PDT procedure
was well tolerated by all patients, no anesthesia was required;
however, there were complaints of discomfort when applying PS
to the posterior pharyngeal wall associated with different levels
of pharyngeal reflex expression. After the PDT course, all the
patients subjectively mentioned improved state of health.

Pharyngoscopy indicated the decrease of inflammatory proc-
esses (Fig. 7). In particular cases, hypervascularization of
mucosa was visually noted [Fig. 7(c)]. Treatment efficiency
was evaluated by patients’ subjective feelings (complaints),
pharyngoscopy inspection, and results of microbiological stud-
ies. Microbiological studies in all patients after the PDT course
have not revealed any pathogenic flora; however, in particular
cases activation of saprophytic flora was detected.

In six of eight patients positive changes were registered on
the next day after the first PDT procedure (day 2), the patients
noted stagnation of a discomfort in the throat, pharyngoscopy
revealed local reaction manifested by hyperemia and contrasting
of a vessel net. No progression of the local reactions was regis-
tered after the second and the third PDT procedures (days 2
and 3).

Table 3 Manifestations in rabbit ear tissue after PDT procedure (his-
tological studies).

Edema Inflammation

Average increase
in the area of newly
formed vessel lumens

In 1 day ++ + 5%� 1.5%

In 3 days + − 13.5%� 1.5%

In 7 days − − 32.5%� 2.5%

Fig. 7 Photographs of the posterior pharyngeal wall mucosa with chronic inflammatory process: (a) day
1, before PDT procedure (congestive hyperemia, edema of the palatine arch, expressed vascular pat-
tern), (b) day 2 (increase of edema and hyperemia), (c) day 4 (hypervascularization, abatement of inflam-
matory manifestations), and (d) day 8 (abatement of inflammatory manifestations, decrease of
hypervascularization).

Fig. 6 Typical OCT-images of pharynx with (a, b) hypertrophic pharyngitis and (c, d) atrophic pharyngitis.
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In one patient with atrophic pharyngitis, improvement was
registered only after the full PDT course (three procedures),
the patient noted decrease of dryness in the throat and sensation
of a foreign body, pharyngoscopy revealed increase in vascula-
rization of the posterior pharyngeal wall mucosa and decrease in
the amount of mucous secretion at the posterior pharyngeal wall.
Another patient with long-term pathology (several years) did not
note any dynamics in his state; although, pharyngoscopy indi-
cated positive dynamics: decrease in chronic hyperemia
and edema.

To reveal morphologic and functional alterations in the
course of PDT, the OCT monitoring of the posterior pharyngeal
wall mucosa was performed. Typical OCT images obtained in
the course of PDT monitoring are shown in Fig. 8. Initially, the
upper epithelial layer is thickened [Fig. 8(a)], the dark elongated
zone in lamina propria corresponds to the lymphatic vessel,
elongated zone under lamina propria corresponds to the
blood vessel; longer zones of the low signal indicate the pres-
ence of edema. After application to the posterior pharyngeal
wall mucosa, the solvent acts as a clearing agent [Fig. 8(b)].
An increase in the imaging depth and the signal level may
serve as a criterion of PS penetration speed and depth. After
PDT procedure [Fig. 8(c)] the response of the lymphatic system
is observed, manifested by the increase in the number of the
elongated dark areas. Lamina propria becomes inhomogeneous
and disorganized with long areas of smaller signal associated
with edema as a reaction to the procedure. On the day 2
more pronounced response to treatment is observed, confirmed
by the visual inspection [Fig. 8(d)]. The second PDT procedure
was performed on the day 2; after it, the response is observed
at wider area, in addition, the edema remains pronounced in
and under lamina propria [Fig. 8(e)]. In 1 day after the third
PDT procedure (day 4), the edema becomes less manifested
[Fig. 8(f)], lamina propria becomes denser. In 5 days after
the third PDT procedure (day 8) lamina propria remains
dense, the signs of edema disappear. A decrease in epithelium
thickness indicates disappearance of infiltration. Comparison of

the OCT-image obtained in 7 days after the start of the PDT
course reveals better condition of the posterior pharyngeal
wall mucosa with respect to its initial condition [Fig. 8(a)] indi-
cating the efficiency of the performed treatment.

4 Conclusion
Development of the optimal protocols of PDT procedure is the
key element in the success of PDT treatment. Presence of
absorption peaks at 402 and 662 nm in chlorin-based PS42 pro-
vides additional opportunities for the choice of irradiation regi-
mens. Traditionally, the wavelengths around 660 nm are
employed for irradiation due to deeper penetration in tissues;
however, for superficial impact wavelengths around 405 nm
could be beneficial, especially in case of antibacterial or antiag-
ing PDT. In this paper, we analyzed different aspects of PDT
performance at 405 nm: numerical simulations demonstrate
absorbed dose distribution, animal and clinical experiments
revealed tissue reaction to the PDT procedures. The study
was performed for the light dose of 50 J∕cm2 usually employed
for in antibacterial and cosmetic PDT.

OCT studies revealed that topical administration of the PS in
the form of gel, which provides optical clearing in the OCT
images; the effect was observed both in animal and clinical stud-
ies. Thus, OCT can be employed for evaluation of PS penetra-
tion into tissue prior to PDT procedure.

Further, both animal and clinical studies demonstrated that
OCT can be efficiently employed for monitoring of tissue
response to the procedure: activation of lymphatic system is
manifested by an increase in the number of dark high-contrast
inclusions in the OCT images, whereas edema is manifested by
dark elongated areas. The absence of these manifestations in the
course of OCT monitoring of PDT procedure could serve as an
indication for correcting the PDT course.

Employment of OCT angiography in animal studies allowed
one to visually detect changes in vessel net as a result of PDT
procedure. Complementary histology studies revealed increase
in the total area of blood vessel lumens after the PDT procedure

Fig. 8 OCT images of the posterior pharyngeal wall mucosa with exacerbation of chronic inflammation:
(a) day 1, before PDT procedure, (b) day 1, after PS application, (c) day 1, immediately after PDT pro-
cedure, (d) day 2, before the PDT procedure, (e) day 2, after PDT procedure, (f) day 4, and (g) day 8.
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allowing one to suppose PDT-induced neoangiogenesis that is in
agreement with OCTangiography. However, for approval of this
suggestion further immunohistochemical studies are required.
Presumably, the effect of neoangiogenesis can be employed
for correction of the atrophic alterations, in particular, chronic
processes in ENT (ear, nose, and throat) organs, and stimulation
of restorative processes in tissues. On the other hand, this effect
is a contraindication for employment of the considered regime in
anticancer PDT treatment.

Clinical studies revealed efficiency of the considered regi-
men in treatment of chronic pathologic processes of the ENT,
whereas complementary OCTmonitoring serves as a tool of per-
sonalized medicine allowing one to evaluate the PDT procedure
outcome and, if necessary, correct the treatment tactics. Further
studies require long-term monitoring of the outcomes of PDT
treatment of pharynx atrophic pathologies.
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