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Abstract

Inflammatory diseases of the sinuses — one of the most common nosologies in the practice of otorhinolaryngologist; its pathogenesis is well stud-
ied, and treatment recommendations are detailed. Following them, however, cannot completely prevent chronic disease or recurrence. Antimicro-
bial photodynamic therapy is a promising method of treating sinusitis, which has proved its effectiveness, but has not yet been widely used. This
work describes our experience in photodynamic therapy with chlorin e, of chronic sinusitis using a new laser diode-based irradiation source. For
patients who had previous sinus surgery an adapter for penetration into the sinus through anastomosis was developed and tested. First group of
the patients underwent photodynamic therapy (PDT) according to the conventional scheme, using a laser with a wavelength of 662 nm; while the
second one underwent PDT using a 405 nm laser. With daily washing of the nasal sinus, the period of inflammation relief (evaluated by the absence
of pathological discharge during washing) amounted to 3.8 full days on average in the first group of patients, compared to 5.4 days on average for
the second group. We carried out the comparative analysis of the treatment results based on clinical assessment and radiological evaluation (CT)
at the time of discharge from the hospital and 1 month later.
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Pesiome
BocnanutenbHble 3aboneBaHUA Nasyx Hoca — OAHa U3 CaMbIX PacMpPOCTPAHEHHBIX HO30/10TWN C XOPOLUO U3YyUYEHHbIM MaTOreHe30M B NPaKTuKe
OoTOpUHONapyvHrosiora. [lnsa ee neyeHus pa3paboTaHbl NOLPOOHbIE PEKOMEHALMN, ClIeA0BaHKE KOTOPbIM, OfHAKO, He BCeraa No3BosiAeT NOJHO-
CTblO MPeAOTBPATUTL NepPexop 3aboneBaHNsA B XPOHNYECKYI0 GOpMY v BO3HUKHOBEHVE PELMANBOB. AHTUMUKPOOHaA doToguHammyeckas
Tepanua (OAT) — nepcneKTVBHDBIN METOZ JIEUEHNA CUHYCUTOB, Y>Ke JOKa3aBLLUMI CBO 3POEKTVBHOCTD, HO €LLe He MOJYUMBLLMIA LUMPOKOTO pac-
NPOCTPaHeHUs B KNMHNYECKON MpaKTuKe. B paboTe onvcaH onbIT IPYMEHEHUA HOBOTO UCTOYHMKA 06/yYeHUs Ha OCHOBE Jla3epHbIX AUOM0B,
npeaHasHaueHHoro Ana nposeaeHns OLT XPOHNYECKMX CUHYCUTOB C NpenapaTamit XoprHa e,. [InA paHee NpoonepupoBaHHbIX NaLNEHTOB
pa3paboTaHa 1 anpobrpoBaHa Hacafka Ans NPOHUKHOBEHUA B Na3yXy Yepes coycTbe. I-oii rpynne nauueHtos OT npoBoaunv no obLienpuHs-
TOW CXeme C NCMosb30BaHMEM Jla3epa C A/IMHON BOJHbI 662 HM, Alst 061yueHus |1-oi rpynnbl NPYMEHSANN UCTOYHUK 06/1yYeHUA C ANIMHON BOJHbI
405 Hm. MNpu exxefHEBHOM MPOMbIBaHMM HOCOBOW Na3yxu CPOKM KyNUPOBaHWA BOCManeHNa (OLieHBanu no oTCyTCTBUIO NaTOIOFMYECKOro OTAe-
JIAGMOTO NPV NPOMbIBaHWW) AJ1A NaLMEHTOB |-01 rpynnbl COCTaBWAM B cpeaHem 3,8 cyT, a y nauueHToB |l-o rpynnbl — B cpefjHeM 5,4 cyT. Mpose-
[I€H CPaBHUTENbHbIN aHaNM3 Pe3yNbTaToB SIeYeHWs1, KOTOPble OLIeHMBaNM KIIMHUYECKN 1 PEHTIEHONTOTMYECKM Ha MOMEHT BbINUCKN 1 Yepes 1 Mec.

KnioueBble C/1I0Ba: XPOHMNYECKNIT CUHYCUT, aHTUMUKPOGHasA GpOToAMHaMMUecKas Tepanus, AMOAHbIN fasep.

Ana uyntuposaHus: Monosa M., Hakatuc A.A., Poimwa M.A. CpaBHeHUe 3¢ PeKTUBHOCTM GOTOAMHAMMYECKON Tepanuy Npu NCNoNb30BaHUN
WCTOYHUKOB M3MYYEHUA C PasINYHbIMU ASIMHAMM BOJIH B NleyeHun cnHycnTos // Biomedical Photonics. — 2019. - T. 8, N2 2. - C. 14-18. doi:
10.24931/2413-9432-2019-8-2-14-18

KouTaktbi: [Nonoga I1M1., e-mail: gala_tt@mail.ru

14

BIOMEDICAL PHOTONICS T.8,N22/2019



Popova G.P., Nakatis Ya.A., Rymsha M.A.

Comparison of photodynamic therapy efficiency using radiation sources

with different wavelengths in the treatment of sinusitis

Introduction

Antimicrobial photodynamic therapy (APDT) is a suc-
cessfully used method of treating inflammatory diseases
based on the inactivation of pathogens caused by the
interaction between a drug - a photosensitizer (PS) -
and light with certain properties. The development of
new types of photosensitizers and radiation sources
contributes to the widespread use of APDT in various
medical disciplines. For example, antimicrobial photo-
dynamic therapy is used in otorhinolaryngology to treat
acute and chronic sinusitis, chronic tonsillitis, chronic oti-
tis, purulent diseases of the larynx [1, 2].

It has been proven that both bacteria and fungi, main
pathogens causing the inflammation of mucous mem-
branes of paranasal sinuses, form so-called biofilms [3,
4]. Their occurrence is a kind of defense mechanism that
protects bacteria from the effects of the body’s immune
system and antibiotics. It has been shown that bacteria
living in biofilms are more virulent than free-floating
forms [5]. In recent decades, there were a lot of reports
on the efficiency of the eradication of various micro-
organisms using APDT, including data on the efficient
treatment of gram-negative and gram-positive antibi-
otic-resistant biofilms [6].

Chronic sinusitis is a polyetiological disease develop-
ing due to a combination of causes including congeni-
tal anomalies of the immune system, a disruption in the
normal anatomy of the nasal cavity and environmental
factors such as inflammatory and irritating agents. Com-
mon treatment algorithms are not always fully efficient,
and the disease exacerbation rate does not decrease in a
number of patients after the surgery for the restoration
of the normal sinus drainage and aeration [7]. According
to national and international standards, the exacerba-
tion should be managed with systemic antibiotics ther-
apy, which, if reqularly repeated, cannot but increase the
likelihood for antibiotic resistance [8]. In our opinion, PDT
can play a preventive role here and serve as a method of
treatment allowing to achieve a good effect in case of
existing antibiotic resistance and having the potential to
prevent and limit the increase in antibiotic resistance in a
specific person and the whole population.

Photodynamic therapy of inflammatory chronic
sinusitis is mainly intrasinus: the sinus of not operated
patients is accessed by means of endonasal maxillary
sinus dissection, while the sinus of operated patients is
accessed through the dilated junction of the maxillary
sinus.

A laser with a wavelength of 662 nm is usually used as
an radiation source for PDT with chlorine e6 [9, 10]. How-
ever, there is an increasing amount of data on the use
of other laser or LED sources but the clinical experience
in application of such techniques is still limited [11]. The
chlorine based PS has an absorption peak at around 405
nm, and the pilot study of LED irradiation with this wave-

length gave a positive result [12], therefore we decided
to conduct an in-depth study of its efficiency.

Materials and methods

22 patients (13 men and 9 women) with chronic puru-
lent sinusitis in the exacerbation phase were treated
in the ENT department of the Clinical Hospital No. 122
named after L. G. Sokolov of the FMBA of Russia from
2015 to 2017.

The eligibility criterion for patient enrollment in the
study of PDT was the chronic maxillary sinusitis in the
exacerbation phase confirmed by previous epicrises,
findings of computed tomography of paranasal sinuses
(the presence of pathological contents in maxillary
sinuses) and endoscopic examination (the presence of
edema, hyperemia of the nasal mucosa, purulent dis-
charge in nasal meatuses). All patients had undergone
surgical treatment for chronic sinusitis, after which the
natural junction of the maxillary sinus in the middle
nasal meatus or the artificial junction in the inferior
nasal meatus remained dilated. Patients with chronic
somatic diseases in the exacerbation or decompensation
phase were excluded from the study. Exclusion criteria
also included intake of antibiotics during the study for
this sinusitis exacerbation episode or for any other rea-
son and an advanced polipous process, which would fill
the maxillary sinus.

Fotoditazin (VETA-GRAND LLC, Russia, registration
licence No. LS 001246 of 18.05.2012) in the form of a con-
centrate for a solution for infusion of 5 mg/ml was used
as a photosensitizer for PDT. On average, 7-9 ml of the
PS solution were administered into each sinus, wherein
the concentration of the solution for intrasinus admin-
istration corresponded to the average concentration
for intravenous administration indicated in the package
insert. The sinus was rinsed under topical anesthesia
using a cannula, then it was blown out with air to release
it completely from the liquid. After that, the prepared
photosensitizer solution was administered. To prevent
the solution leakage, the middle or common nasal
meatus was plugged with a cotton tampon moistened
with a fotoditazin solution in patients that had under-
gone infundibulotomy and maxillotomy, respectively.
Topical anesthesia was not associated with rinsing itself
but was used to ensure comfortable plugging.

ALCOM-MEDICA LLC (Russia) developed and manu-
factured a low-power unit with replaceable emitters, the
“SHUTLE-COMBI IR+" complex based on diode lasers and
LED light sources (Fig. 1). The complex allows simultane-
ous work with different types of low-energy sources. For
this study we used laser emitters with working wave-
lengths of 662 nm and 405 nm. A special curved tip was
attached to them to get into the artificial junction of the
maxillary sinus (Fig. 2).
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Puc. 1. KomnneKc Ha 0CHOBE AUOAHbIX Jla3€POB U CBETOAUOAHbBIX
unanyvatenen «LAT/1-Komoum UK+»:

1. rpaduyecKuin gucnnen ¢ NynbToM ynpaBieHus

2. pyyKa peryinpoBKu

3. KHOMKa ctapt/cTon

4. usnyyateno

5. 6noK ynpaBneHus
Fig. 1. Complex based on diode lasers and LED emitters
"SHUTLE-COMBI IR+":

1. graphic display with control panel

2. adjustment knob

3. start / stop button

4. emitter

5. control unit

The patients were divided into two groups. The
sinuses of the first group of patients (9 people) were irra-
diated with a laser with a wavelength of 662 nm and an
output power of 50 mW for 20 minutes. 13 patients of the
second group were irradiated with a laser with a wave-
length of 405 nm and an output power of 100 mW for 20
minutes.

The chosen PDT efficiency assessment criteria were
the duration of management of inflammatory pro-
cess exacerbation based on the presence and amount
of purulent discharge from the sinuses, the length of
patient’s hospital stay and the findings of the X-ray
inspection conducted at the end of treatment and
repeated 1 month after release.

Puc. 2. Hacaaka ans BepxHeventocTHON nasyxu
Fig. 2. Nozzle for maxillary sinus

Results and discussion

Phototoxicity and allergic reactions were not
observed in any patients during the study. The emitter
was easy to use. The rigid tip allows applying this tech-
nique on previously operated patients with a wide junc-
tion of the maxillary sinus. Performance of this treatment
using a fiber optic light cable would be difficult since
the bending angle of the tip for sinus rinsing was large
enough and led to the damage of the light cable. The
results of inflammation management are shown in the
table.

The length of patient’s hospital stay corresponds to
the daily duration of maxillary sinus rinsing.

The X-ray findings (according to helical computed
tomography of the paranasal sinuses) at the end of the
treatment and 1 month after it showed improvement in
both groups of patients.

Thus, the results of PDT using a laser emitter with
a wavelength of 662 nm are comparable with the lit-
erature data and confirm the efficiency of this method

Ta6auya

CpOoKM KynMpoBaHWs BOCMANUTENbHOrO npotiecca (NosiBNeHME YNCTbIX MPOMbIBHbIX BOA) NOCsie ceaHca GOTOAUHAMMYECKON Te-

panun
Table

Terms of the inflammatory process relief (the appearance of clean washing water) after a session of photodynamic therapy

Yucno naumeHToB C NOJIHOCTbIO KynnpoBaHHbIM BocCnasivuTesibHbIM npoyeccom

KonunuectBo CYTOK A0 NoABJIeHNA
YUCTbIX NPOMbIBHbIX BOA

4

4

N O bW

() Il rpynna (n=13)
% -
445
44,5 2 15,5
5 384
11 5 38,4
1 7,7
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in the treatment of sinusitis [10]. The use of an emitter
with a wavelength of 405 nm during PDT showed good
clinical outcomes: the inflammation was managed but
over a longer period than at 662 nm. It should be noted
that the work with this type of emitters shows better
patient compliance since the majority of the population
is familiar with a blue light lamp and its bactericidal activ-
ity, which makes it easier to explain the mechanism of
action. The nature of discharge in all patients changed on
the first day although they did not complete the course.
We consider it as an opportunity to study the efficiency
of irradiation with a source with a wavelength of 405
nm in bacterial cultures. It would also be interesting to
study the efficiency of the light effect on biofilms at this
wavelength. The depth of light penetration in tissues at
a wavelength of 405 nm is small, so the use of violet light
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is reasonable when the abnormal focus is located at the
surface. Since chlorine e6 based photosensitizers have an
intense absorption peak in this spectral band, this signifi-
cantly reduces the emitter power requirements making
this type of irradiation advantageous for the use in the
antimicrobial photodynamic therapy of sinusitis.

Conclusion

The described experience of clinical use shows that
the laser irradiation at 405 nm is efficient as part of photo-
dynamic therapy of chronic sinusitis and, along with laser
irradiation at 662 nm, can be an alternative to the con-
ventional management of sinusitis in the exacerbation
phase. To obtain reliable statistical data, more patients
should be enrolled, especially to study the efficiency of a
405 nm laser light source.
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