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Abstract

For many years, the treatment of purulent diseases of the hand has stayed relevant. Despite the progress in modern medicine, this pathology
retains its prevalence and, most importantly, is often found in patients of the working age, which determines the socio-economic importance
of the search for new approaches to the treatment of purulent diseases of this localization. In the purulent surgery department of State Clinical
hospital N¢ 4, a study and treatment of two groups of patients were carried out: patients with phlegmons and felons of the hand with open
management of postoperative wounds using traditional treatment methods (antibiotic therapy, immobilization, dressings with antiseptic solutions
and ointments, the use of wound enzymes) and with the use of photodynamic therapy (PDT) in the postoperative period. PDT was performed on
the second or third day after opening the phlegmon or felon using an ATKUS-2 semiconductor laser (AO “Poluprovodnikovye pribory’, Russia)
with an output power of 1 to 2 W, an operating wavelength of 660 + 0.03 nm and an energy density between 20 and 25 J/cm? after application of
the photosensitizer based on chlorin e, to the treated wound area. The article describes the technique of PDT in patients with purulent diseases
of the hand. It was found that it is optimal to perform PDT as early as possible after the operation period, but not earlier than on the second day
after the operation, because earlier dressing is especially painful in the absence of sutures and can lead to bleeding from a postoperative wound
when the dressing is removed. The effectiveness of treatment in the studied groups was evaluated: the terms of inpatient healing in the groups
were compared; the dynamics of the course of the wound process was analyzed. When comparing the results of the two groups, a significant
acceleration in the healing of the postoperative wounds was noted in patients for whom PDT was used - 5 days (1.4 times) faster compared to
treatment according to the generally accepted technique. The early appearance of granulations and the antibacterial effect of this procedure are
noted, which significantly improves the treatment outcome for this pathology. This makes the use of PDT relevant and appropriate in the complex
treatment of purulent diseases of the hand

Keywords: photodynamic therapy, purulent diseases of the hand, drainage system, photosensitizer, necroectomy.

For citations: Chepurnaya Yu.L., Melkonyan G.G., Gulmuradova N.T., Gadjikerimov T.A., Suvorov A.U., Kiseleva S.V. Application of photodynamic
therapy in complex treatment of purulent diseases of the hand, Biomedical Photonics, 2020, vol. 9, no. 1, pp. 13-20. (in Russian) doi: 10.24931/2413-
9432-2020-9-1-13-20

Contacts: Chepurnaya Yu.L., e-mail: julya.chepurnaya@bk.ru

NPUMEHEHME ®OTOANHAMMYECKOM TEPAMMM
B KOMMJIEKCHOM JIEYEHUM THOMHbIX 3AEOJIEBAHUMA
KHNCTU

IO.J1. YenypHas', I.T. Menkousu' 2, H.T. ynsmypagoea' -, T.A. lagxukepnmos',

A.1O. Cysopos', C.B. Kucenesa'

'Topopackas knunHnueckas GonbHruua Ne 4, Mockea, Poccua

2Poceuickas MeaMUMHCKAS OKAAEMMs HEMPEPbIBHOTO NPOMECCMOHANLHOrO 0BPA30BAHMS,
Mocksa, Poccus

SlocynapcTeeHHbI HayuHbIM LeHTp nasepHoin meaunumtel M. O.K. Ckobenkuna PMBA,
Mockea, Poccus

Pesome
MHorve rofibl He TEPAIOT aKTyanbHOCTIN BOMPOChI IeYEHUA THONHBIX 3a60neBaHNi KMCTW. HecMoTpA Ha Nporpecc B COBPeMeHHO MefuLHe,
[laHHaA MaTosIorVA COXPaHAET CBOK PacMpOCTPaHEHHOCTb U, YTO Hamboree BaXXHO, YacTO BCTPEYAETCA Y MaLMEHTOB TPYAOCMOCOOHOro
BO3pacTa, YTo 0OyC/IaBMBAET COLMANIbHO-OKOHOMUYECKYIO Ba>KHOCTb MOMCKA HOBbIX MOAXOLOB K SIeYEHMI0 FTHOVHbIX 3a60neBaHnii JaHHON
nokanusauuu. Ha 6ase otaeneHus rHoiHo xupyprum 'bY3 MKb N2 4 npoBefieHO UcCieAoBaHNe 1 ledeHne ABYX rpynn 60MbHbIX: MaLeHTOB
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c dnermMoHamu 1 NaHaPULMAMY KACTU NPV OTKPbITOM BeA€HUN NOC/IE0NePaLMOHHBIX PaH NPy MPUMEHEHUV TPAANLIMIOHHbBIX METOAVIK IeUYEHU
(aHTMbaKTEpUanbHaa Tepanus, UMMOOMIM3aLMA, MOBA3KMN C aHTUCENTUYECKMMY PAcTBOPaMM U Ma3aMU, NPYMEHeHWe paHeBbIX pepMEHTOB)
1 C MPUMeHeHneM B nocsieonepalMoHHom nepuoge dotoanHammyeckor tepanum (OAT). OAT BbINOAHANN Ha BTOPble-TPETbM CYTKM Nnocsie
BCKPbITVA GIErMOHbI UM MAaHAPWLMA C UCMONb30BaHMEM MOYNPOBOAHMKOBOTO lazepHoro annapata «ATKYC-2» (AO «[lonynpoBogHUKOBbIE
npr6opbI», Poccna) ¢ BbIXOAHOI MOLLHOCTbIO OT 1 0 2 BT, pabouei nnHoi BonHbI 660+0,03 HM 1 MNOTHOCTbIO SHeprin ot 20 Ao 25 [x/cm’
nocnie annavKauumn Ha obpabatbiBaemyio paHeByio 061acTb GoToceHCM6MM3aTopa Ha OCHOBE XJIOPUHa €,

B cTatbe onucaHa metoguka nposeaeHus OAT y NauyMeHTOB C FTHOMHbIMY 3a601EBAHNAMI KUCTW. YCTaHOBJIEHO, YTO ONTUMaJIbHO NMPOBOANTDL
OAT B MakcManbHO PaHHKE CPOKM MOCie OnepaLiMoHHONO NepUoAa, HO He paHee, YeM Ha BTOpPble CYTKM NMociie onepaLmni, Tak Kak nepeBaska
B 6osiee paHHMEe CPOKN 0COBEHHO GONIE3HEHHA B YC/IOBUAX OTCYTCTBUA LUBOB U MOXKET MPVBECTM K KPOBOTEUEHMIO U3 MOC/IEONEPALIMOHHON
paHbl Mpu yganeHun nossAsku. lMpoBefeHa oueHKa 3PpGEKTUBHOCTM NeYeHWs B MCCiedyeMbiX rpynmnax: BbiMOJIHEHbl CPABHEHWE CPOKOB
CTaLIOHAaPHOTO 3aXXMBJIEHVA B rPynnax, NMpoBefeH aHanu3 AMHaMUKM TeYeHUA paHeBoro npouecca. Mpu cpaBHeHUN pesynbTaToB Tepanuu
OTMeYeHO JOCTOBEPHOE yCKopeHMe B 1,4 pa3a (Ha 5 CyTOK) 3aXK1BNeHUA MOCieonepaLioHHbIX PaH Y MaLMEeHTOB, Y KOTOpbIX MpumMeHsanacs OAT,
0 CPAaBHEHNIO C JIeYeHUEM Mo obLenpuHATol Metoarke. OTMeUYeHO paHHee NosBMIEHVE FPaHYIALMIA U aHTUbaKTepranbHbiv 3ddekT OT, uto
CYLLECTBEHHO YNyYLLIAeT pe3ynbTaT leueHrs JaHHOW naTonornun. 31o aenaet nprmeHeHne OAT akTyanbHbIM U LLe1ecoobpasHbliM B KOMMIEKCHOM
JIEYEHVM THOVIHbIX 3a60NEBAHUI KNCTU.
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Introduction

The problem of treating panaritium and hand phleg-
mons remains complex and relevant, despite the prog-
ress achieved by modern medical science. Among the
primary patients who go to the surgeon with purulent
diseases, patients with panaricia and phlegmon of the
hand make up from 15% to 31% [1], 50% to 85.5% of
them being people of working age. It is noted that men
develop this disease more often than women [2]. Tem-
porary disability caused by purulent diseases of fingers
and hands entails economic losses which are many times
higher than those related with purulent processes of
other localizations.

According to the literature, 17-60% of patients with
bone panaritium undergo phalange amputation. Up to
48% of minor hand injuries are complicated by suppura-
tion, which makes microtrauma one of the leading fac-
tors in the development of a severe purulent process on
the fingers and hand [1, 2].

Very often, pain in purulent inflammatory pathology
of the hand is felt constantly, which leads to a serious de-
terioration of the patients’ quality of life. Due to the viola-
tion of the function of the hand and the peculiarities of
the course of the pathological process, purulent diseases
of the hand result in a sharp decline in the effectiveness
and quality of professional activity [3, 4].

In the surgical treatment of purulent pathology of
fingers and hands, the method of choice is the one de-
veloped and implemented in the 1990s by the Depart-
ment of General Surgery of the Pediatric Department
of Russian National Research Medical University (under
the supervision of Prof. A. P. Chadaev), the main prin-

ciples of which are optimal access, adequate necrec-
tomy and installation of a drainage and irrigation sys-
tem (DIS) in the wound, with the imposition of primary
stitches on the skin at the stage of surgery completion.
However, in the case of extensive injuries to the hand, it
is often not possible to fully close the wound defect, so
there is a need for open wound management. In addi-
tion, there are a number of medical contraindications to
applying DIS and maintaining a wound under primary
sutures, such as bite wounds and crushed wounds [1-5].
Open management of hand wounds leads to a higher
number of hospital bed days. At the same time, the risk
of secondary infection increases, and there is a need for
frequent dressings, which in the absence of stitches are
very painful. Thus, it is necessary to find more new ef-
fective methods of treating wounds in the early post-
operative period.

Photodynamic therapy (PDT), widely used world-
wide for the treatment of purulent diseases, is one of the
promising methods of treatment of purulent wounds of
various localities [6-9].

PDT is a method of treating oncological diseases, as
well as certain skin diseases (psoriasis, ichthyosis, pus-
tular diseases, etc.) or infectious diseases, inflammatory
diseases of the mucous membranes (including chronic
periodontitis), based on the use of photosensitizers and
laser radiation of a certain wavelength [10-16]. At the
beginning of the XX century, scientists G. Raab and G.
Tappeiner found that some dyes, which are harmless or
slightly poisonous to infusoria in the dark, kill them very
quickly in the light. This phenomenon was called the

14

BIOMEDICAL PHOTONICS T.9, Ne 1/2020



Chepurnaya Yu. L., Melkonyan G.G., Gulmuradova N.T., Gadjikerimov T.A., Suvorov A.U., Kiseleva S.V.
Application of photodynamic therapy in complex treatment of purulent diseases of the hand

photodynamic effect. The effect is observed only in the
presence of oxygen in the environment [17, 18].

Hardly any information is found in domestic and for-
eign literature concerning the use of PDT in the treat-
ment of purulent diseases of the hand.

The purpose of this work was to study the effective-
ness of PDT-based treatment and traditional therapy
methods for patients with purulent diseases of the hand
in open management of postoperative wounds.

Materials and methods

The results of treatment of 86 patients with purulent
diseases of the fingers and hands admitted to the the
Department of purulent surgery of the City Clinical Hos-
pital No. 4 of Moscow for the period from December 2017
to December 2018 were analysed. The age of patients
ranged from 19 to 64 years, 78 (90.7%) of them being of
employable age. Deep forms of panaritium occurred in
51 (59.3%) patients, phlegmons of the hand in 31 (36.0%),
phlegmons of the hand with a transition to the forearm, in
4 (4.7%). The hand that most often (in 90% of the patients)
was affected was the right hand. The most common con-
comitant pathologies in the patients were type Il diabetes
mellitus, in 10 (20%) cases, cardiovascular diseases, in 8
(16%), multiple drug use, 3 (6%), systemic lupus erythema-
tosus, 1 patient. In terms of the causal factor, non-indus-
trial injuries prevailed (45%), followed by bitten wounds
(30%), industrial injuries (10%), post-injection phlegmons
(5%), and wounds of unknown origin (10%).

Depending on the treatment method, the patients
were divided into two comparable groups by age and
gender, forms of the disease, and the duration of the dis-
ease before admission to the hospital. The main group
consisted of 43 patients who underwent PDT after the
opening of the suppurative focus; the control group con-
sisted of 43 patients who were treated according to the
generally accepted method.

All patients had a standard examination before the
study, which included an assessment of clinical and
laboratory data, radiography of the damaged hand, and
ultrasound examination of the soft tissues of the hand.
According to the indications, tetanus vaccination was
administered (tetanus toxoid and tetanus serum accord-
ing to the scheme), and wound components underwent
bacteriological and histological examination at various
times of the treatment.

At the first stage, patients in both groups were treat-
ed surgically. Purulent focus dissection, necrectomy and
drainage were performed under local conductor anes-
thesia corresponding to the level of the infectious lesion.

Patients of the control group were subsequently sub-
ject to the standard combined treatment, which includ-
ed antibacterial therapy, analgesics, daily dressings with
antiseptics, physiotherapy (UHF, ultraviolet irradiation,
magnetotherapy).

Puc. 1.MMpoBegeHune ceaHca ¢oTOogUHAMUYECKON TEpPaNUUN FTHOM-
HOM paHbl KUCTH

Fig. 1. Conducting a session of photodynamic therapy of the
purulent wound of the hand

PDT was administered to the main group of pa-
tients in the postoperative period. A PDT session was
administered as early as possible: on the second (less
often on the third) day after the opening of the sup-
purative focus, in the context of open wound man-
agement. In the earlier postoperative period, the
appointment of a PDT session is not recommended,
since there is a high risk of bleeding from the wound
upon the removal of the dressing; in addition, wound
dressing in the first day is quite painful. The number
of PDT courses varied from 1 to 2, depending on the
area of damage to the hand and the dynamics of
wounds cleaning.

A PDT session consisted of the following stages. A
bandage with a photosensitizer based on e, chlorine
(PS) was applied to the wound for 20 to 30 minutes. The
amount of PS was calculated based on the dosage of 1
ml per 3-5 cm? of the treated surface. Then the wound
was washed with saline solution to remove the residual
PS. Activation of PS was performed immediately after
the completion of the drug exposure and the removal of
PS residues by light exposure to the wound surface with
laser radiation with an output power of 1-2 W, at a wave-
length of 660+0.03 nm, and energy density from 20 to
25 J/cm? (Fig. 1). The treatment was performed with “AT-
KUS-2" device (AO “Poluprovodnikovyie Pribory’, Russia).
The irradiation time for external light supply provided
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Puc. 2. Mukpodiopa paHbl Np1 NnepBUYHOM NoceBe
Fig. 2. Wound microflora after the initial seeding
with optic fiber guides with a polished end was deter- Results

mined by the formula [19, 20]:

T(s)=E_(J/cm?) /P (W/cm?),
where T is the irradiation time, E —is the required light
dose (energy density), and P_is the power density.

The cases administered PDT were observed to have a
wound cleansing process, a reduction of microcirculatory
disorders, and a reinforcement of previously suppressed
sequential reparative processes: macrophage reaction,
collagen synthesis, scarring and epithelization. Maturing
granulation tissue with vertical vessels, fibroblasts, and
pronounced fibrillogenesis was determined on days 6
-7. To assess the bacterial landscape of the wound, the
wound contents were inoculated in a sterile test tube
with a nutrient medium before and after the PDT session.
The biological material was collected with a sterile cot-
ton swab and then transferred to nutrient media in Petri
dishes. Histological examination of the wound edge tis-
sues was performed on days 2, 3 and 6 after PDT sessions
in order to assess the dynamics of inflammation and de-
termine the timing of the granulation tissue emergence.

Statistical processing of the obtained data was per-
formed by variation statistics with the definition of Stu-
dent test with 2017 Microsoft Office (Word, Excel). The
mean values were compared, including the determina-
tion of measurement error and the reliability of differ-
ences in the length of hospital stay and time of wound
healing between the study groups. Differences were as-
sessed as significant at p<0.05.

The duration of inpatient treatment of patients with
purulent wounds of the hand depended on the origin
of the wound, the depth of the lesion, and the time of
hospitalization from the moment of the injury. In the tra-
ditional therapy group, the average duration of inpatient
treatment was 13+1 days, complete wound healing was
observed 17+1 days after the surgery; 30% of patients re-
quired repeated necrectomy, lavage of the purulent ne-
crotic focus. In patients who underwent PDT in the post-
operative period, the duration of inpatient treatment was
7+1 days (p = 0.03), and complete wound healing was
observed after 12 days.

The primary bacterial seeding of wound discharge
performed during surgical treatment revealed Staphylo-
coccus aureus in 1/3 of the patients (32.8%) which was
confirmed by the results of laboratory studies and coin-
cides with earlier data from other authors [1, 2, 21]. The
results of inoculations with no growth of microorganisms
may be due to anaerobic microflora, which is not possi-
ble to plate with conventional methods of sample collec-
tion for inoculation.

The microbiological study of intraoperative inocula-
tions before PDT produced the following data: Staphy-
lococcus aureus: 32,8%; Streptococcus agalacticae: 6,1%;
Streptococcus epididymis: 5,1%; Streptococcus viridans:
2,0%; Esherichia Coli: 10,6%; Enterobacter: 0,5%; Entero-
coccus: 0,5%; Posturela: 5,6%; no growth: 32,3% (Fig. 2).

In part of the inoculations, the associated microflora
was found to be Candida albicans (10.4%).
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The antimicrobial effect of PDT was revealed by bac-
teriological research: in the inoculations produced after
the completion of PDT courses, the growth of microor-
ganisms detected during primary bacteriological studies
was absent in all observations.

According to the clinical findings and the histologi-
cal data, on the 2nd and 3rd days after PDT, the wound
became cleared of purulent necrotic masses, and on the
5th day, granulation tissue appeared. Visual examination
found that the amount of discharge from the wound in
patients after PDT significantly decreased, the hyperemia
of the wound edges and edema decreased by day 2 after
the course of PDT, the quantity of fibrinous overlay was
significantly lower than in patients of the control group,
and the use of wound enzymes was no longer required.

After PDT, an analgesic effect was observed in all
patients, which was expressed in a significant decrease
in pain syndrome when subjectively evaluated on the
standard pain scale. During the second dressing in both
groups, the pain syndrome was 8-9 points, and immedi-
ately after the PDT session, the indicator decreased to 5-6
points and then progressively decreased to 1 point as as-
sessed during dressing on the 5th day. In patients who
did not undergo PDT, the pain syndrome on the 5th day
remained at the level of 4-5 points.

The advantages of using this technique in the treat-
ment of purulent wounds of the hand can also include
the absence of additional destructive tissue lesions in the
wound, the possibility of affecting deeply located tissues.

After PDT, amputation of the affected phalanges or
repeated necrectomy were not required. During PDT,

there was almost no bleeding during subsequent dress-
ings.

No allergic reactions to the introduction of PS were
observed. During the PDT session, the patient experi-
enced no pain syndrome. No hyperthermia and no local
inflammatory reaction were observed during the PDT
session and after it.

As an example of the effective use of PDT in the treat-
ment of hand phlegmon, we present the following clini-
cal observation.

Patient K., 42 years old.

He was hospitalized in the Department of purulent
surgery of the City Clinical Hospital No. 4 from December
5 to December 11, 2017 with a diagnosis of phlegmon of
the back of the left hand.

Complaints on admission: pain in the left hand, hy-
perthermia.

According to the patient, 3 days before admission, he
injured his left hand in a fight, and a day later he noted
signs of inflammation. He was hospitalized in a purulent
surgery unit. On admission: hyperthermia 38.9°C, state of
moderate severity.

The clinical findings at admission (Fig. 3a): the back of
the left hand is swollen, hyperemic, in the projection of
the third intermetacarpal space, a wound of 2.0x4.0 cm in
size is observed, with pronounced perifocal edema and
hyperemia. Palpation of the back of the hand discovered
a sharp pain, and a fluctuation was determined. Move-
ments in the third and fourth metacarpophalangeal
joints are limited and painful. Regional lymph nodes are
not enlarged.

a

Puc. 3. KnuHnyeckasa kapTuHa ¢nermoHbl 1€BO KUCTH:
a — 4o onepauuu;
b — nocne HEKPIKTOMMUU U BCKPbITUS GNErMOHbI;
Cc — yepes 2-e cyT nocne nposegenus OAT;

d — Ha 12-e cyTKK nocne onepauuu (amMoynaTopHbIi 3Tan neyeHus)

Fig. 3. The clinical picture of the phlegmon of the left hand:
a - before the operation;
b — after the necrectomy and phlegmon autopsy;
¢ — 2 days after the PDT;

d - on the 12th day after the operation (outpatient treatment)
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a

Puc. 4. PeHTreHorpamma npu noctynneHuu (a u 6 — pasHble
NpoeKLunm)
Fig. 4. X-ray upon admission (a and 6 — different projections)

The x-ray of the hand dated 05.12.2017 (Fig. 4) shows
no destructive or traumatic changes of the bone.

The ultrasound of the soft tissues of the left hand
performed at admission showed an infiltration of tissues,
with many accumulations of liquid.

The clinical and laboratory data were as follows: leu-
kocytosis: up to 25,000 g/I, RBC: 4.04 million, hemoglo-
bin: 136 g/l, hematocrit-38%, left shift in neutrophil band
cells, ESR: 35 mm/h, blood glucose level: 5.2 mmol/Il. On
the day of admission, the patient underwent surgery, in-
cluding incisions and necrectomy. However, in the post-
operative period, inflammatory phenomena persisted, as

well as purulent discharge from the wound, edema of the
back of the hand, hyperthermia up to 38.3 C° (Fig. 3b).

Inoculations from the wounds found Staphylococcus
aureus and Escherichia coli sensitive to the 3rd and 4th
generation cephalosporins.

On the 2nd day after the operation (07.12.17), the pa-
tient was prescribed PDT with PS based on e, chlorine
with an exposure of 15 min. The wound was irradiated
with ATKUS-2 device for 4.5 minutes at a laser power of
2 W, a wavelength of 660+£0.03 nm, and an energy den-
sity of 25 J/cm? During the session, the patient noted
a tingling sensation in the area of the wound. After the
session, the patient noted a decrease in pain, and the vi-
sual inspection after the completion of the PDT session
showed that the amount of discharge from the wound
decreased.

In the tissue sample taken from the wound edge be-
fore PDT, there are foci of necrosis and tissue edema (Fig.
3b). On the first day after the PDT session, a decrease in
inflammatory phenomena was noted at histological ex-
amination; on the second day, fresh granulations were
visualized in the wound, and no purulent discharge was
detected (Fig. 3c), which was also confirmed by the re-
sults of inoculation of the wound content.

In the Department, the patient received analgesic
therapy and daily aseptic dressings. Physical therapy was
not administered.

The patient’s condition at discharge was satisfactory.
The postoperative wound was without signs of inflam-
mation, the bottom of the wound was covered with red
coarse granulations, there was no discharge, the wound

Puc. 5. buontat TKaHu, B3TON U3 Kpas paHbl nauueHTa K. (0kpacka reMaTOKCUM/IMHOM U 903MHOM):
a — po Kypca ®/IT: pparMeHTbl HEKPOTUHECKU U3MEHEHHbIX MbILLEYHbIX BOJIOKOH U GUGPUHO3HO-NENKOLUTAPHOrO C/0K;
0TEeK, NOJIHOKPOBUE COCYAOB rNyGOKUX OTAEJIOB PaHbl, OCTPOBKU GOpMUPYIOLLENCS FPaHYNSILLMOHHOW TKaHU (yBennmyeHue

x120);

b — Ha BTOpble cyTKu nocne Kypca ®AT: makpodaru u otaenbHble HEOPUEHTUPOBaHHbIe GUGPOGIAcTbl BGAU3U cocyan-

CTbIX 31eMeHTOB (yBenuyeHue x200)

Fig. 5. Tissue biopsy taken from the edge of the wound of patient K. (stained with hematoxylin and eosin):
a — before the PDT course: fragments of necrotic altered muscle fibers and fibrinous-leukocyte layer; edema, vascular
congestion in the deep sections of the wound, islets of forming granular tissue (magnification x120);
b — on the second day after the PDT course: macrophages and individual non-oriented fibroblasts near vascular ele-

ments (magnification x200)
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became completely clean. The edges of the wound are
without inflammation, with signs of epithelization. The
patient was discharged for outpatient treatment on the
5th day after the surgery. Plastic surgery to close the
wound defects was not required, as the wounds healed
(Fig. 3d).

Conclusion
The developed method of the use of PDT in the com-
plex treatment of purulent diseases of the hand with
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