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One of the triggers of infectious processes developing in the kidney after contact laser lithotripsy is calculus disintegration followed by 
the release of bacteria and toxins from the biofilm. Prevention urgency determines the search for new mechanisms and methods of laser 
calculus fragmentation without scattering of fragments and microbial dissemination into the pelvicalyceal system of the kidney.

The aim of the study was to evaluate the possibilities of applying the technology of urinary calculus fragmentation with continuous-
wave diode lasers of different wavelengths using fiber light guides with strongly heated distal tips for controlled fragmentation and 
minimization of traumatic effects on the adjacent tissues. 

Materials and Methods. To fragment postoperative samples of porous urinary stones (n=58), we applied standard certified continuous-
wave diode 10 W lasers with fiber output to quartz light guides, their distal tips being coated with a layer of graphite microparticles in silicone 
varnish. The quality of stone fragmentation using lasers with wavelengths of 0.81 (n=17), 0.97 (n=22), and 1.47 µm (n=19) and identical 
quartz light guides were evaluated. Control of laser-induced heating of the urinary tract tissues adjacent to the stone was carried out on the 
model medium with a thermocouple. Simulation of intraoperative errors (short contact with the ureteral wall as the result of the fiber slipping 
off the stone surface) was performed on the ureteral wall took post mortem. Tissue condition was assessed using histological sections 
stained with hematoxylin and eosin.

Results. The average fragmentation time depended on calculus density and cross-sectional dimension and was 12–15 s. All 
selected stones, including those potentially infected, with X-ray density 119 to 1735 HU were fragmented effectively both in liquid and air. 
Assessment of temperature regimes provided by lasers with 0.81 and 0.97 µm wavelengths showed that the stone surface temperature 
during fragmentation in the air reached 40 and 57°C, respectively, and it was 25 and 33°C in liquid. 

The obtained morphological and thermometric data suggest safety of lasers used for controlled fragmentation of potentially infected 
urinary calculi.

Conclusion. The use of continuous-wave diode lasers with strongly heated distal fiber tips at 0.81 and 0.97 µm wavelengths makes it 
possible to successfully fragment potentially infected urinary stones into size-controlled fragments, which may become a significant factor in 
prevention of systemic inflammatory response in the postoperative period.
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Introduction

Infectious inflammatory complications occur after 
contact laser lithotripsy in nearly 27.4% of cases, 
according to different authors [1, 2]. The incidence of 
infected stones in sterile urine varies from 25 to 48% [3–
5]. One of the triggers of infectious processes developing 
in the kidney is known to be calculus disintegration 
followed by the release of bacteria and their toxins 
from the biofilm [6]. To prevent complications, it is 
important to search for new mechanisms and methods 
of laser exposure providing calculi fragmentation without 

scattering of fragments and microbial dissemination into 
the pelvicalyceal system of the kidney.

For this purpose, our research team has developed 
a method for controlled coarse fragmentation of calculi 
using a strongly heated distal fiber tip (the “hot spot” 
method) with a light-absorbing coating of colloidal 
solution of graphite microparticles in silicone varnish [7]. 
Stone fragmentation effect was achieved through the 
high temperature of the distal fiber tip [8–10].

This paper presents a study of application safety of 
diode lasers with different wavelengths (1.47, 0.97, and 
0.81 µm) for lithotripsy based on the “hot spot” method 



104   СТМ ∫ 2019 ∫ vol. 11 ∫ No.2  

 CLINICAL SUPPLEMENTS  

providing a controlled change in the degree of stone 
destruction. The lasers under study differ in tissue 
penetration depth and, consequently, their thermal 
effect on the tissue. When using a light guide with a 
light-absorbing coating, the surrounding tissues absorb 
laser radiation, which inevitably leads to their topical 
heating [7].

To solve the problem of improving laser exposure 
modes and creating a safe medical technique for contact 
stone fragmentation, theoretical and experimental 
evaluation of heat transfer was carried out using model 
media and the ureteral tissue. The following physical 
factors were considered to be possible sources of injury 
during the procedure: 1) heating of ureteral tissues 
adjacent to the stone to injury threshold; 2) burning of 
the organic coating of the optical fiber on the calculus 
surface with plasma formed in burning reaction. The 
extent of adjacent tissue injury due to intraoperative 
errors was also evaluated: short-time contact with the 
ureteral wall as the result of the fiber slipping off the 
stone surface.

The aim of the study was to evaluate the 
possibilities of applying the technology of urinary calculi 
fragmentation by continuous-wave diode lasers at 
various wavelengths using fiber light guides with strongly 
heated distal tips for controlled fragmentation and 
minimization of traumatic effects on the adjacent tissues. 

Materials and Methods
Postoperative ureteral tissues and model media 

were used as study objects. Fragmentation of urinary 
stones with cross-sectional dimensions of 5 to 29 mm 
was performed on postoperative samples (n=58). X-ray 
density of the stones ranged from 119 HU to 1735 HU, 
according to the Hounsfield scale.

Standard certified continuous-wave diode lasers with 
fiber output to similar quartz light guides were used in 
the study. The distal tip of the light guide with a diameter 
of 550 µm was cleared from the protective coating 
by 3–5 mm length. Its end was coated with a layer of 
graphite microparticles in silicone varnish [7]. The output 
power of laser radiation was 10 W. The stones and 
adjacent urinary tract tissues were exposed to laser 
radiation at wavelengths of 0.81 (n=17), 0.97 (n=22), 
and 1.47 µm (n=19). To form the groups, stones for 
fragmentation were selected at random. 

The lasers under study had different absorption in 
water and in biological tissue: absorption coefficient 
at 0.81 µm wavelength was 0.02 cm–1, at 0.97 µm 
wavelength — 0.2 cm–1, at 1.47 µm wavelength — 
20 cm–1 [11]. Since 80% of soft tissue consists of 
water, absorption coefficient for water and tissue was 
considered to be the same in the experiment.

Heating the urinary tract tissues adjacent to calculi 
during lithotripsy was studied using an oscilloscope 
equipped with a thermocouple. As a model medium, 
a ureter phantom (a silicone tube with 7 mm (22 Ch) 

diameter) was used at the first stage, at the second 
stage we used ureters taken from adult corpses during 
autopsy and dissected longitudinally.

In the first case, the stone was placed in the tube with 
its lower part plugged, the tube was filled with saline. 
A temperature sensor was placed at the contact area 
of the calculus and the inner surface of the tube. The 
heated tip of the light guide with radiation was applied 
to the calculus through the upper open end of the tube. 
The temperature was measured with a thermocouple at 
full thermal contact of the stone with the model medium 
walls.

In the second case, the calculus was placed upon the 
dissected ureteral tissue and was fragmented with the 
laser. Damage to the ureteral tissue was assessed by 
histological examination.

To simulate the intraoperative error (short contact with 
the ureteral wall as the result of the fiber slipping off the 
stone surface), the ureter mucosa was processed in a 
point-contact mode with the distal tip of the light guide 
heated by radiation to a high temperature for less than 
1 s, 1 and 2 s in the air. Condition of the ureteral tissue 
was assessed using histological sections stained with 
hematoxylin and eosin.

Results
A series of experiments on urinary stone 

fragmentation by lasers with wavelengths of 0.81 µm, 
0.97, and 1.47 µm showed that exposure time required 
for calculus destruction does not depend on radiation 
wavelength, but it depends on the stone density, cross-
sectional dimension and ranges from 1 to 100 s. On 
average, a stone was fragmented for 9–15 s.

Comparative analysis of stone fragmentation 
efficiency with different lasers showed that at 0.97 µm 
wavelength, both in atmospheric air and in liquid, all the 
stones with X-ray density up to 1400 HU (n=20) were 
successfully fragmented, but it turned to be impossible 
to fragment 2 stones with 1735 HU density in liquid.

When using a 0.81 µm laser, all stones with 1000 to 
1400 HU density were fragmented (n=10) in air, while 
fragmentation in liquid was successful only for stones 
with X-ray density under 1000 HU (n=5). Fragmentation 
of two stones with 1100 HU and 1270 HU density in 
liquid was no success.

Fragmentation of stones using a laser with 1.47 µm 
wavelength was effective both in air (n=9) and in liquid 
(n=10). The maximum density of fragmented stones in 
this series of experiments was 1560 HU.

Experimental evaluation of temperature regimes 
in stone fragmentation at wavelengths under study. 
Figure 1 shows time dependences of calculi surface 
temperatures at different radiation wavelengths. 
Thermophysical parameters were determined based 
on water characteristics. In the experiment, we took 
into account the time required to reach the maximum 
temperature on the stone surface when placing a light 
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by laser radiation at 0.81 and 0.97 µm wavelengths in 
air, a temperature of 40 and 57°C, respectively, was 
obtained on the stone surface in the area of contact 
with the ureteral mucosa. When fragmenting in liquid, 
the temperature was 25°C at λ=0.81 µm and 33°C 
at λ=0.97 µm. Visual inspection of macro specimen 
mucosa in the area of contact with the stone revealed 
no pathological changes. Thus, it can be established 
that stone exposure duration up to 9 s with lasers at 
these wavelengths is unlikely to heat the entire calculus 
volume to injury threshold.

The “hot spot” method may be accompanied by 
burning of stone components with plasma formed in 
burning reaction. We proposed to solve this problem by 
suppressing the process of burning with an inert gas. To 
reduce burning of stone material and light guide tip, CO2 
gas was supplied to the area of calculus contact with the 
light guide heated to 2000 K [7, 9]. In this study, urinary 
stone fragmentation was carried out ex vivo both in 
saline solution and in atmospheric air with direct contact 
of the heated fiber tip with the stone. It was found that 
at low rates of CO2 gas flow (about (3–6)·10–3 L/min) 
through a 3-mm tube, no plasma occurred (Figure 2).

Morphological examination of the ureter. 
Thickness of mucosal, submucosal and muscular 
layers of the ureter was measured on a histological 
preparation (Figure 3 (a)). The urothelium thickness was 
53.0±0.4 µm, subepithelial connective tissue structures 
of mucosal and submucosal layers were 417.0±19.0 µm 
thick, muscular layer — 532.0±24.0 µm.

Figure 3 (b)–(e) shows images of histological 
preparations obtained when simulating the intraoperative 
situation — laser light guide slipping off the stone to the 
ureter wall.

Focal defects of the inner layers of the ureteral wall 
with different lengths and depths appeared depending 
on the time of laser exposure and the intensity of 
pressing the fiber against the ureteral mucosa. For 
example, when exposure with a 0.81 µm laser light 
guide had minimum duration (contact for less than 1 s), 
there could be detected surface defects of the mucosal 
epithelial layer with 80–100 µm depth and length of up 
to 500 µm with minimum coagulation changes in defect 
edges and bottoms, similar to erosion (Figure 3 (c)). 
When exposure time increased (pressing the 0.81 µm 
laser light guide for 2 s), there appeared defects of 
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Figure 1. Diagrams of experimental evaluation of heating 
effect on the calculi by 10 W laser radiation at 1.47 µm (1), 
0.97 µm (2), and 0.81 µm (3) wavelengths for 9 s
Temperature curve oscillograms: at λ=1.47 µm (4) heating 
to 80°C occurred; at λ=0.97 µm — to 57°C (5); at λ=0.81 µm 
(6) — to 42°C. Initial temperature was 20°C

а b

Figure 2. Photo of a plasma torch in stone 
destruction by laser radiation at 0.81 µm 
wavelength:
(a) without blowing over with CO2 gas; 
(b) blowing over with CO2 gas at a flow rate 
of (3–6)·10–3L/min

guide with laser radiation at one spot — in the stone 
center. 

Recording was performed when heating the stone 
during 9 s, after which the laser was turned off, heating 
of the stone was stopped for 8–10 s.

The selected time parameters corresponded to the 
average values obtained when fragmenting the stone 
into two pieces in previous studies [8].

It follows from the given oscillograms that laser 
radiation heats the stone surface to 80°C at λ=1.47 µm 
during the established time (9 s), which is certainly 
amazing as it corresponds to photocoagulation effect for 
biotissues. A laser operating at 1.47 µm wavelength was 
excluded from further investigation.

At 0.81 and 0.97 µm wavelengths, laser radiation 
generates significantly lower temperature reaction on the 
stone surface making it possible to use such lasers for 
urinary stone fragmentation.

Laser impact on the ureteral tissue at 0.81 and 
0.97 µm wavelengths. When fragmenting the calculi 
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200x800 µm depth and 300x1000 µm length (see 
Figure 3 (d)). When modeling a more significant damage 
(at 0.97 µm wavelength during 2 s), there appeared 
focal defects of the inner layers similar to acute ulcers 
with depths and lengths of 400x1500 and 400x1200 µm, 
respectively, their bottoms being represented by a 
submucosal layer (Figure 3 (e)).

Coagulation changes in connective tissue fibers of 
defect bottoms such as 200–300 µm thick bright pink 
masses without fibrous structure were spread almost 
over the entire thickness of the submucosal layer, 
sometimes even reaching the muscular layer.

Discussion
To date, the use of a holmium:yttrium-aluminum-

garnet (Ho:YAG) laser is considered to be the most 
effective method of urinary stone fragmentation, which 
has become the gold standard as it allows fragmenting 
the stones of any mineralogical type [12, 13]. The 
underlying mechanism of this method is vaporization of 
water inside the stone resulting in uncontrolled formation 
of different-sized fragments (from very large to very 
small) [14] and their scattering over the renal collecting 
system due to steam pressure. This phenomenon 
promotes massive release of toxins and bacterial flora 
from stone biofilms. In recent years, the literature has 
provided comparative descriptions of two lithotripsy 
modes using Ho:YAG laser, one of which is aimed 

at creating stone dust (dusting method), the other is 
used for fragmentation into large fragments and their 
subsequent extraction with baskets (basketing) [15–17]. 
Each method has both advantages and disadvantages. 
Disadvantages include the possibility of residual stone 
fragments, backflow of toxins and dust getting into the 
excretory ducts of the renal collecting system, which can 
be a source of infectious and inflammatory changes for 
the patient in the postoperative period.

In this study, controlled stone fragmentation was 
achieved through the use of a continuous-wave 
diode laser due to stone surface carbonization effect 
and mechanical destruction of the stone with a high 
temperature at the quartz fiber tip. Moreover, the quartz 
fiber and absorbing coating of its distal tip were identical 
in all experiments at different wavelengths.

Evaluation of stone fragmentation efficiency in liquid 
and in atmospheric air shows that the “hot spot” method 
based on continuous-wave diode laser radiation can be 
successfully used to fragment porous and potentially 
infected stones. It has been found [18–19] that X-ray 
density characteristic of such stones is 1400 HU 
for calcium phosphate, 480 HU for uric acid stones, 
1285±284 HU for struvite stones, 757±114 HU for 
cysteine calculi.

The study of heat transfer in the area of stone contact 
with the medium, performed on the ureter phantom 
and ex vivo ureter samples, demonstrates safety of 
continuous-wave diode lasers for the “hot spot” method. 

b

d

а

e

c

Figure 3. Images of the ureter obtained when simulating an intraoperative error — laser fiber slipping off the stone and 
coming into contact with the ureter (the contact area is shown by the arrow): 
(a) macro specimen; the ureter after exposure to laser radiation: (1) contact for less than 1 s at λ=0.81 µm; (2) pressing for 2 s 
at λ=0.81 µm; (3) pressing for 2 s at λ=0.97 µm; (b)–(e) histological specimens; hematoxylin and eosin staining; x100: (b) normal 
ureteral wall; (c) the ureteral wall after contact with the quartz fiber at λ=0.81 µm for less than 1 s; (d) the ureteral wall after 
pressing the quartz fiber at λ=0.81 µm for 2 s; (e) the ureteral wall after pressing the quartz fiber at λ=0.97 µm for 2 s
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Morphological evaluation of the ureteral tissue in the 
area of direct contact with the fiber (simulation of 
intraoperative slipping of the light guide from the stone) 
also confirms this. Even a two-second contact of the light 
guide with the ureteral wall resulted in focal defects, but 
they were unlikely to reach the muscular layer.

Laser heating of the adjacent ureteral tissues during 
stone fragmentation at 0.81 and 0.97 µm wavelengths 
for 9 s in liquid was significantly lower than biotissue 
coagulation temperatures.

The original solution of using CO2 gas eliminates the 
risk of burning of organic stone components and plasma 
formation in burning reaction. When blowing the fiber 
tip over with CO2 through a 3-mm tube at a flow rate of 
(3–6)·10–3 L/min, there is no organic matter burning.

Thus, commercially available for any healthcare facility, 
continuous-wave diode lasers with 0.97 and 0.81 µm 
wavelengths and the use of the “hot spot” method at 
the quartz fiber tip provide the possibility to perform 
controlled fragmentation of potentially infected urinary 
stones, thereby reducing intraoperative dissemination of 
bacteria and toxins from the stone biofilms.

Conclusion
Application of continuous-wave diode lasers with 

a quartz fiber tip at 0.81 µm and 0.97 µm wavelengths 
using the “hot spot” method provides the possibility 
to fragment urinary stones including those potentially 
infected into size-controlled fragments, which may 
become a significant factor in prevention of systemic 
inflammatory response in the postoperative period.
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