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Aim: to analyze complications arising from coloproctological surgeries using a 1940 nm wavelength laser, identify
their causes, and propose preventive measures.

Materials and methods. 148 patients with stage 2-3 hemorrhoids underwent transdermal laser submucosal
destruction of internal hemorrhoids using a diode-pumped fiber laser with a wavelength of 1940 nm and a power
of 7.5W in a pulsed-periodic mode (pulse — 500 ms, pause — 750 ms).

Results. Intraoperatively, bleeding from the internal hemorrhoid developed in 4.4 % (3/148) of patients. The cause
was its trauma with a laser instrument and a violation of the integrity of the mucous membrane of the internal hemor-
rhoid. In this regard, hemorrhoidectomy was performed. The occurrence of intraoperative hematoma was diagnosed
in 10.1 % (15/148) of patients and regarded as a complication. In all cases, the submucous hematoma was charac-
terized by small sizes (3.0-4.0 cm) and did not increase during observation for 5—10 minutes. In the early postopera-
tive period (on the first day after surgery), thrombosis of external hemorrhoids developed in 5.4 % (8/148) of patients,
which regressed completely with conservative treatment. In the early postoperative period, 0.7 % (1/148) of patients
were diagnosed with the development of an ulcerative mucosal defect in the area of the internal hemorrhoid, which
healed with conservative therapy. According to our analysis, the main causes of complications are incorrect surgical
technique and excessive laser energy exposure.

Conclusion. Laser methods are promising for minimally invasive treatment of anorectal diseases but require strict
adherence to surgical techniques and control of energy parameters. Optimizing methodology and standardizing ap-
proaches will help reduce the frequency of complications and improve treatment safety.
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OJINHOM BOJTHbI 1940 HMm
C.A. ®ponos, [.B. Beiweropoaues, A.M. KyabMuHoB, t0.J1. Tpybauesa, B.1O. Koponuk,

M.C. boropmucTtpos, T.A. Annbekosa*
DrbY «HaumoHanbHbI MeguUNHCKNKA NCCenoBaTeibCKui LLEeHTP KOJI0MPOKTOoA0rum uM. A.H. Pbixux» MuHucTtepcTaa
3apaBooxpaHeHusi Pocecuriickoi @eaepaumnmn, Mocksa, Poccuiickas denepavms

Llenb: NpoBecTV aHaNn3 OCIOXHEHUIA, BOSHUKAIOLLMX NPY KONOMPOKTOIOMMYECKNX OMNepaumusax ¢ NCNob30BaHNEM
nasepa anmHom BonHbl 1940 HM, BbISBUTb UX MPUYMUHBI U NPEOIOXUTb Mepbl NPOMUNAKTUKMN.

Martepuanbl U meToapbl. 148 nauyeHTamMm ¢ remoppoem 2—-3-i cTaguii BeiNMOSHEHA TPpaHCAepMalbHasa nasepHas
NMOACNM3NCTas OEeCTPYKLMS BHYTPEHHUX reMOopponaabHbIX Y3/10B C MPUMEHEHMEM BOJIOKOHHOMO nladepa C Anoa-
HOI HaKaykow, oNMHOM BOMHbI 1940 HM 1M MOLLHOCTbIO 7,5 BT B MMMY/IbCHO-MEPMOAMNYECKOM peXnMe (MMMNyNbCc —
500 mc, naysa — 750 mc).

PesynbraTtbl. VIHTpaonepauyoHHo y 4,4 % (3/148) naumeHToB pa3BuiIoChk KPOBOTEYEHNE U3 BHYTPEHHEIO reMop-
ponpanbHOro ysna, NpUYMHON KOTOPOro siBSi/IaCk €ro TpaBMaTu3aums 1a3epHbIM MHCTPYMEHTOM C HapyLUeHUeEM
LLEe/TOCTHOCTM CNN3NCTOMN 000J104KM BHYTPEHHENO FreMOpPpPOMaanbHOr0 y31a, B CBS3M C YeM Oblnia BbIMOJIHEHA FreMop-
ponpakToMus. Bo3HMKHOBEHME MHTPaonepauyioHHOM reMaToMbl Obino anarHoctuposaHo y 10,1 % (15/148) nauu-
€HTOB, PacLEeHeHo Kak OCJIOXXHEHMe, BO BCEX ClydYasix NOACAM3NCTas remaTtoMa xapakTepuaoBanacbk HEGONbLUNMMN
pasmepamu (3,0-4,0 cm) 1 npu HabngeHnM B TedeHne 5—10 MUHYT He HapacTana. B paHHem nocneonepauoHHOM
nepuopne (Ha 1-e cyTkm nocne onepaummn) y 5,4 % (8/148) naumeHToB pa3Buicsa TPOMO03 HapPY>KHbIX reMoppounaab-
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HbIX Y3J10B, KOTOPbLIM perpeccruposasl NoJHOCTLIO HA HGOHE KOHCEPBATUBHOIO JiedeHnsd. B paHHem nocneonepaum-
oHHOM nepuoae y 0,7 % (1/148) naumeHToB AMarHOCTUPOBaHO GOPMNUPOBAHNE «A3BEHHOIO» AedekTa CNN3NCTON
B 00/12CTV BHYTPEHHEr0 FeMOPPOMNAANbLHOIO y3a, KOTOPbI 3aXunn Ha GoHe KOHCepBaTUBHOM Tepanun. Mo pesyrb-
Taram Hallero aHanmsa OCHOBHOW NPUYMHOW OCIIOXHEHU ABNSETCH HEKOPPEKTHASA TEXHMKA BbINOJIHEHMS BMELLA-
TENbCTBA U N36bITOYHOE BO3AENCTBME TAa3ePHON SHEPTUN.

3akniovyeHue. JlazepHble METOAbI ABASIOTCS NEPCNEKTUBHBIMU AN MallOMHBA3MBHOIO Nie4yeHns 3abosieBaHuii aHo-
pekTanbHOl 061acTn, HO TPEDOYIOT CTPOroro COHMAEHNS TEXHUKY BbINOJIHEHUS U KOHTPOJIS NapamMeTpoB SHEPTUN.
OnTuMM3aums METOAMKM U CTaHOAPTMU3aLMS NOAXOA0B MO3BOIST CHU3UTb YACTOTY OCJIOXHEHMI 1 NMOBbLICUTL 6€30-
MacHOCTb JIEYEHUS.

KnioueBble cnoBa: OCJ/IOKHEHUSA, MaJIONHBA3MBHOE JIEYEHVE, FreMOPPOM, sla3epHas OeCTPYKLUNA, aHallbHAdA TPELLN-
Ha, Nna3epHas Barnopusaums, 1as3epHble TEXHOIOrMn

KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMINKTA NHTEPECOB.

AnauutupoBanusa: PponosC.A.,Buiweropoaues/1.B.,KyabmuHoBA. M., TpybadeBalO.J1.,KoponukB.1O.,boropmuctposU.C.,
AnunbekoBa T.A. OCNOXHEHNS KONOMPOKTOJIONMYECKUX ONepaLnini ¢ NpuMeHeHneM nasepa oanHon BonHel 1940 HM. Poccuii-
CKUIA XYPHaN racTpO3HTEPONOrnKn, renatonornmn, kononpoktonornun. 2025;35(6):98-104. https://doi.org/10.22416/1382-4376-

2025-35-6-98-104

Introduction

Laser-assisted surgery represents an advanced
approach to the treatment of various diseases of
the anorectal region, such as hemorrhoids, rectal
fistula, anal fissure, and chronic inflammation of
the epithelial coccygeal passage. The use of laser
technologies allows to reduce the intensity of pain
syndrome, accelerate the rehabilitation of patients,
and reduce the number of postoperative complica-
tions [1].

To date, there is no unified approach to the
choice of wavelength and power of laser radi-
ation in surgical treatment of diseases, but the
trends are to reduce laser energy power (from 25
to 7.0—2.5 W) and increase wavelength (from 980
to 1940 nm) [2]. To achieve the highest effi-
ciency and safety of intervention with the use of
1940 nm laser we analyzed the causes of occur-
ring complications and methods of their elimina-
tion and prevention.

Patients and methods

At the present time in National Medical
Research Center of Coloproctology named after
A.N. Ryzhikh, we accumulated experience of la-
ser application in 148 patients with hemorrhoids
of stages 2—3. All patients underwent transder-
mal laser submucosal destruction of internal hem-
orrhoidal nodes using a fiber laser with diode
pumping, wavelength 1940 nm and power 7.5 W
in pulse-periodic mode (pulse — 500 ms, pause —
750 ms).

Under the influence of laser radiation due to
the effect of high temperature on tissues, dena-
turation of proteins occurs, as a result of which
cavernous tissue is replaced by connective one.
At the same time, laser treatment also affects
the terminal branches of the superior rectal ar-
tery, which, ultimately, allows to eliminate the
symptoms of hemorrhoidal disease [3].

Intraoperatively, 4.4 % (3/148) of patients de-
veloped bleeding from the internal hemorrhoidal
node, the reason for which was its traumatization
by the laser instrument and violation of the in-
tegrity of the internal hemorrhoidal node mucosa,
therefore hemorrhoidectomy was performed. In all
three cases the complication occurred against the
background of mechanical traumatization and was
caused by insufficient control of the laser instru-
ment during the intervention.

The prevention of this complication is the ob-
servance of the correct technique of laser instru-
ment delivery strictly under the control of the
pilot beam.

The occurrence of intraoperative hematoma
was diagnosed in 10.1 % (15/148) of patients, it
was considered as a complication, in all cases sub-
mucosal hematoma was characterized by small size
(3.0—4.0 ¢cm) and did not grow during 5—10 min-
utes of observation, in no case the hematoma was
opened.

We noted that in some cases the increase in the
size of the internal hemorrhoidal node during la-
ser exposure occurs without a characteristic bluish
tint, however, we also attributed these observa-
tions to hematomas, assuming that these changes
are due to the effect of explosive boiling with the
formation of bubble effect.

Intraoperative ultrasound cannot distinguish
between a “true” hematoma and a hematoma
caused by the effect of laser energy on the cavern-
ous tissue of the internal hemorrhoidal node. The
reason for the development of “true” submucosal
hematoma in 3/15 patients is the damage of the
hemorrhoidal vein and insufficient effect of the
transmitted laser energy (Fig. 1). Under the influ-
ence of laser energy as a result of explosive bubble
boiling process the so-called “false” submucosal
hematoma developed in 12/15 patients (Fig. 2).
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Figure 1. “True” submucosal hematoma: A — intraoperative picture (result of laser-induced damage
to the hemorrhoidal vein); B — intraoperative ultrasound examination; C — ultrasound examination on day

1 after surgery

Pucynox 1. «VctunHas» NMOACAU3NCTas reMaTtoMa: A — WHTpaolepalioHHast KaptuHa (pesyjabrar mo-
BPEKIEHIS TEMOPPOUAATBHOI BEHBI MO BJAMSHIEM JTa3ePHOTO BosjeicTBusA); B — unrpaonepanmonnoe Y 3U;

C — ¥Y3U na 1-e cyTku 1mocJie BMeIIaTeabCTBa

In the projection of laser destruction of the inter-
nal hemorrhoidal node a fluid formation of irregu-
lar shape with heterogeneous content, of medium
echogenicity, avascular in color Doppler mapping
is determined (Fig. 1A). In case of a “false” he-
matoma, a complete regression of the above-de-
scribed changes is noted on the next day (Fig. 2C).

In case of hematoma, it is necessary to make
sure that there is no hematoma growth by visual
inspection and transrectal ultrasound examination.
Such hematomas respond well to conservative
therapy; most often complete regression occurs on
day 3—5. We have not found any cases of hemato-
ma growth, but in cases of hematoma growth it is
necessary to perform its opening.

In the early postoperative period (1 day after
surgery), 5.4 % (8/148) of patients developed
thrombosis of external hemorrhoidal nodes, which,
in our opinion, is associated with the effect of
laser energy on the external hemorrhoidal node.
This complication requires conservative treatment
and regresses completely. For the purpose of pre-
vention, it is necessary to exclude the impact of
laser radiation on the external hemorrhoidal node.

In the early postoperative period, 0.7 % (1,/148)
of patients were diagnosed with the formation of
“ulcerative” mucosal defect in the area of internal
hemorrhoidal node, which is associated with the
thermal effect of laser on the mucous membrane of
hemorrhoidal node, leading to irreversible changes.

C

Figure 2. “False” submucosal hematoma: A — intraoperative picture (process of explosive bubble boiling

of tissues as a result of laser radiation; B — intraoperative ultrasound examination; C — ultrasound exam-
ination on day 1 after the surgery, hematoma not identified

Pucynox 2. «Jloxnasi» 1oJc/aM3ucTas TeMatoMa: A — uHTpaonepanuonnas kaptuia (Iporecc B3pbIBHO-
TO Ty3BIPPKOBOTO KUIIEHUSI TKAHEH KaK pPe3y/IbTaT JTa3epHOro msiaydenus); B — wmnrpaoneparmonnoe Y 3U;
C — ¥Y3U na 1-e cyTKHu mocjie BMEMIATEJbCTBA, TeMaTOMa HE OTPE/IEISIeTCsT
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Despite the use of a wavelength of 1940 nm, where
the laser penetration depth is 0.5—0.7 mm, ther-
mal effects are relevant, which can cause irrevers-
ible changes. This complication was managed by
conservative therapy. The aim of prevention is to
control the amount of energy transmitted.
According to the results of a single-factor ana-
lysis performed in our clinic, an increase in the

if there is a need, it is necessary to expand the size
of the wound.

In the postoperative period, necrosis of the skin
bridge occurred in 1 (1.4 %) patient due to the
close location (1.0—0.5 c¢m) of the primary and
secondary orifices. No additional surgical inter-
ventions were required. By performing daily dress-
ings, complete healing of the postoperative wound

risk of postoperative complications was found was observed already on day 40 (Fig. 3). The pre-
when the amount of energy transferred per hemor- vention of this complication will be the choice of
rhoidal node increased [4]. However, no cases of alternative intervention techniques in case of close
acute paraproctitis were detected during the en- proximity of the orifices.
tire observation period. Laser methods have been described in the treat-
Minimally invasive treatment of chronic in- ment of rectal fistulas. In our Center laser thermal
flammation of the pilonidal sinus — laser coag- obliteration of fistulous passage was performed in
ulation of the epithelial coccygeal tract, known 23 patients with trans- and extrasphincteric fistu-
as SiLaC (Sinus Laser Coagulation) — is becom- las of rectum. The wavelength of the diode laser

ing increasingly common [5]. The intervention is
performed by laser coagulation of the fistulous
passage walls with preliminary curettage, remov-
al of hair and inflammatory detritus. In National
Medical Research Center of Coloproctology named
after A.N. Ryzhikh we are conducting a study in-
cluding 68 patients who underwent a combination
of pit-picking and laser coagulation of the fistula
tract of pilonidal sinus using a laser with a wave-
length of 1940 nm, power of 9 W in continuous
mode. Dermopunch was used to excise the primary
foramen, followed by mechanical treatment with
a Folkman spoon and laser treatment of the fistu-
lous passage walls. The technique of performance
corresponds most of all to the combination of two
methods described earlier (pit picking, SiLaC).
Intraoperatively in 1 (1,4 %) patient there was a
bleeding that required wider access for visualiza-
tion and laser treatment of the bleeding area. It is
possible to stop bleeding with laser treatment but

was 1470 nm, a radial light guide in continuous
mode with a power of 12 W was used.

In the postoperative period in the laser group
in two patients the development of acute parap-
roctitis was noted in connection with which the
opening and drainage was performed. Later, due
to non-healing of the fistulous passage in both
cases, one of the patients underwent excision of
the fistula with sphincter suturing, the second pa-
tient had the fistula eliminated by ligature meth-
od. Possible reasons for the development of this
complication are inadequate outflow of exudate
through the wound canal and also faster oblitera-
tion of the distal part of the wound canal, while
the wound canal is preserved in the middle or
proximal segment. In order to prevent this compli-
cation, excision of the distal part of the fistulous
passage to a depth of 1.5 ¢cm and careful post-
operative monitoring of the wound channel are
recommended [6].

C D

Figure 3. Necrosis of the skin bridge: A — preoperatively; B — day 2; C — day 21; D — day 40
Pucynox 3. Hexpos koxxnoro Moctuka: A — no onepauuu; B — 2-e cytku; C — 21-e cyrku; D — 40-it genb
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Laser vaporization of anal fissure is an equally
important promising minimally invasive treatment
method. At National Medical Research Center of
Coloproctology named after A.N. Ryzhikh, as
part of a pilot study, 25 patients with chronic
anal fissure with sphincter spasm underwent laser
vaporization using a 1940 nm wavelength, 7.5 W
laser in pulsed-periodic mode. No complications
were noted in the early postoperative period at
this time of observation.

Discussion

Nowadays laser technologies are actively used
as a minimally invasive method of treatment of
anorectal diseases, they allow to reduce the inten-
sity of pain syndrome and stimulate the processes
of tissue regeneration, which allows to shorten the
rehabilitation period. However, laser application
does not exclude the risk of early postoperative
complications.

When comparing the complications identified
by us, most of them are consistent with the liter-
ature data.

A study by A.G. Khitaryan et al. showed that
after using the transnodal method of laser de-
struction in patients with stage 2—3 hemorrhoids,
complications developed in the early postopera-
tive period: bleeding that required stopping was
noted in 2 (3.2 %) patients; acute thrombosis of
external hemorrhoids developed in 1 (1.6 %) pa-
tient, which was stopped conservatively; acute
paraproctitis was diagnosed in 2 (3.2 %) patients,
for which incision and drainage were performed.
The authors attribute these complications to the
displacement of the laser instrument lateral to the
internal hemorrhoidal node, resulting in insuffi-
cient visualization of anatomical structures during
the operation [7]. According to other studies, the
incidence of complications such as thrombosis and
paraproctitis is significantly reduced with the cor-
rect technique of the procedure and careful com-
pliance with the necessary preoperative and post-
operative recommendations [8].

The first experience of application of laser de-
struction of hemorrhoidal nodes was described in
2007 by A.F. Karaholilo lu. 106 patients with
hemorrhoids of the stage 1—2 underwent inter-
vention by transnodal access using a laser with a
wavelength of 980 nm, power of 15 W, in pulse
mode. Intraoperatively, 0.9 % (1,/106) developed
hemorrhoidal bleeding, which was eliminated by
stitching the hemorrhoidal node. In 1.9 % of pa-
tients (2,/106) a submucosal hematoma developed
in the early postoperative period, which did not
require treatment. After one year of follow-up,

recurrence of the disease symptoms was noted in
11 % of patients [9].

In the treatment of pilonidal sinus using SilLaC
technique with the use of 1470 nm wavelength
laser with 10 W power by M. Dessily et al., it
was noted that out of 200 patients in the postop-
erative period complications developed in 30 pa-
tients. Secondary infection of the postoperative
wound area that required antibiotic therapy was
detected in 8.5 % of patients (17,/30), abscess de-
velopment, which was opened and drained, — in
1 % (2/30). Hematoma developed in 1.5 % (3,/30)
of patients, and did not require additional inter-
ventions. In addition, 8 % of patients (4,/30) had
fibrin formation in the area of primary orifices,
which prevented wound drainage: in these cases,
wound curettage was performed. The recurrence
rate of pilonidal sinus was 15.2 % [10].

M. Abdelnaby et al., in the framework of a
randomized study performed treatment of pilon-
idal sinus in 62 patients by SiLLaC method using
1470 nm laser with 13 W power. The interven-
tion technique did not differ from the technique
first proposed by M. Dessily. In the postoperative
period 3.2 % (2/62) had minor bleeding, 9.7 %
(6/62) had pus-like discharge in the area of the
postoperative wound. These complications corre-
spond to I-II degree of severity according to the
Clavien — Dindo classification [11].

In a prospective study by A.F. Pappas et al.,
the same laser device was used in the treatment of
pilonidal sinus in 237 patients in a similar tech-
nique to M. Dessily. In 7 % of patients (17,/237)
the development of secondary infection of the
postoperative wound area was noted, which did
not require repeated surgical intervention, and the
disease recurrence rate was 7.5 % [12].

Our experience in using laser technologies in
the treatment of colorectal diseases allows us
to conduct a detailed analysis of complications,
which in turn allows us to better understand the
mechanisms of their occurrence, identify the most
vulnerable stages of intervention and risk factors,
and develop detailed recommendations for pre-
venting complications and improving the safety of
treatment. This approach contributes not only to
reducing the number of complications, but also
to improving the effectiveness of minimally inva-
sive techniques, making them more predictable
and safer for the patient. All this is aimed at fur-
ther study of laser technologies in coloproctology,
determining a common standard of application of
wavelength and power of laser radiation. Further
studies should include a significant number of pa-
tients with various diseases of the anorectal region,
which will allow to evaluate the effectiveness,
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feasibility of their application compared to classi-
cal methods of treatment.

Conclusions

Thus, the use of laser technologies as a min-
imally invasive method does not exclude the
development of complications such as bleeding,
submucosal hematoma, acute thrombosis of hem-
orrhoids, necrosis and secondary infection of the
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