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BACKGROUND 

Bariatric surgery represents an actively developing 

field of surgery aimed for the treatment of obesity and 

its concomitant metabolic disorders. The number of 

bariatric procedures performed increases with every 

passing year [1, 2]. In Russia, for the last three years, 

their number has increased 2.7-fold, while in the year of 

2023, a total of 8955 such surgeries were carried out. 

With this, thanks to using modern automated methods 

of dissecting and suturing the tissues, a significant 

decrease is observed in the number of postoperative 

complications. At the same time, surgical suture 

incompetence (staple line leak) is still considered  

a culprit of severe postoperative complications. In recent 

years, within the structure of the bariatric surgeries, 

the most wide-spread is the laparoscopic longitudinal 
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ABSTRACT
BACKGROUND: Bariatric surgery represents an actively developing surgery field. With this, thanks to using 
modern automated methods of dissecting and suturing the tissues, a significant decrease is observed in 
the number of postoperative complications. At the same time, the problem of surgical suture incompetence 
remains topical even at the present times. The traditional methods of intraoperative diagnostics of 
incompetence are the provocative tests: the methylene blue test and the air leak test. One of the promising 
methods for intraoperative control during surgery is the use of fluorescent visualization in the near infrared 
range using the indocyanine green (ICG). AIM: Evaluate the informativity of intraoperative diagnostics of 
machine suture incompetence during the longitudinal gastric resection using fluorescent visualization 
with indocyanine green (ICG) by using the pig model to imitate various reasons of incompetence and to 
control surgical complications using morphological tests. METHODS: The research was carried out with 
using 20 pigs, each of which underwent the longitudinal gastric resection. The animals were distributed 
into the following experimental groups: the control group with performing standard longitudinal gastric 
resection (n=4) and the tests groups with longitudinal gastric resection and modeling of two variants of 
mechanical reasons of incompetence (n=12), as well as the local ischemia group (n=4). Intraoperationally, 
the gastric lumen was filled with a solution containing methylene blue and indocyanine green, after which, 
an evaluation was performed of the developed staining or Indocyanine green fluorescence visualization. 
Besides, in the ischemia group, ICG was administered intravenously. On  Day 7 after surgery, samples 
were taken for histological examination. RESULTS: In  10  out of 11 experiments with the mechanical 
factor of modeling used to stimulate the machine suture incompetence, ICG visualization was found, 
with the ingress of methylene blue found in two cases out of 11, respectively. In 90% of the cases, the 
transudation of ICG corresponded to significant signs of inflammation, with the ingress of methylene 
blue being found only in 20% of the cases. CONCLUSION: The method of intraluminal administration of 
Indocyanine green in “mechanical” models of machine suture incompetence upon longitudinal gastric 
resection is more informative comparing to the introduction of methylene blue. Data from fluorescent  
ICG-angiography completely correspond to the location of ischemia modeling area. 
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АННОТАЦИЯ

Обоснование. Бариатрическая хирургия представляет собой активно развивающийся раздел хи-

рургии. Благодаря использованию современных аппаратных способов разъединения и сшивания 

тканей существенно снизилось количество послеоперационных осложнений, в то же время проб-

лема несостоятельности хирургического шва остаётся актуальной и в настоящее время. Тради-

ционными методами интраоперационной диагностики несостоятельности аппаратного шва явля-

ются провокационные пробы: пробы с метиленовым синим и воздухом. Одним из перспективных 

методов интраоперационного контроля в хирургии является применение флуоресцентной визуа-

лизации в ближнем инфракрасном диапазоне с помощью индоцианина зелёного. Цель исследо-

вания — оценка информативности интраоперационной диагностики несостоятельности аппарат-

ного шва при продольной резекции желудка с использованием флуоресцентной визуализации 

с индоцианином зелёным. Методы. Исследование проведено на 20 животных (свиньи), каждому 

из которых выполнена продольная резекция желудка. Животные были разделены на эксперимен-

тальные группы: контрольная группа с выполнением стандартной продольной резекции желудка 

(n=4); опытные группы с выполнением продольной резекции желудка и моделированием двух ва-

риантов механических причин несостоятельности хирургического шва (n=12), группа локальной 

ишемии (n=4). Интраоперационно в просвет желудка вводился раствор с метиленовым синим 

и индоцианином зелёным, после чего производилась оценка появления красителя и визуа лизация 

флуоресценции индоцианина зелёного. Кроме того, в группе ишемии индоцианин зелёный вво-

дился внутривенно. На 7-е сутки после операции проводилось гистологическое исследование 

операционного материала. Результаты. В 10 из 11 экспериментов с механическим фактором мо-

делирования несостоятельности аппаратного шва отмечалась визуализация индоцианина зелё-

ного, при этом поступление метиленового синего было отмечено в 2 случаях из 11. В 90% случа-

ев просачивание индоцианина зелёного соответствовало значимым признакам воспаления, при 

этом поступление метиленового синего отмечено только в 20% случаев. Заключение. Методика 

внутрипросветного введения индоцианина зелёного в «механических» моделях несостоятель-

ности аппаратного шва при продольной резекции желудка более информативна по сравнению 

с введением метиленового синего.  

Ключевые слова: бариатрическая хирургия; продольная резекция желудка; несостоятельность 

шва; индоцианин зелёный; ИЦЗ.
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gastric resection (LLGR, sleeve gastrectomy) [3]. With 

this, according to data from numerous research works, 

after the LLGR, a total rate of 0.5% to 7% of suture 

incompetence is reported [4–6]. 

Currently, the most common cause of developing 

suture incompetence, according to the discussions, 

is the insufficiency of regional circulation, as well as  

non-conformity of the staple line height to the thickness 

of the tissues being connected [7–9].

The conventional methods of intraoperative 

diagnostics for incompetence of anastomoses and  

machine suture lines include the provocative tests, 

indicating the loss of hermeticity in the latter, 

specifically, the methylene blue test and the bubble 

test. The advantages of these methods are simplicity 

and accessibility. However, the diagnostic value of the 

latter remains disputable and the number of authors 

call it into question [10, 11]. The main downside is 

limited sensitivity, which, upon minimal damage, is the 

cause of false-negative results. A number of research 

works have found a correlation between using such 

provocation tests and the increase of the risk of suture 

incompetence [11–13]. 

One of the promising methods for intra-operative 

control in surgery is the use of fluorescent visualization 

in the near infrared range using Indocyanine green 

(ICG) [14].

The first data became available with the application 

of the ICG-visualization method in the bariatric surgery 

[15–17]. Such methods are being used both for the 

detection of ischemic areas by means of intravenous 

administration of the staining agent and for the control 

of suture hermeticity by means of its administering 

into the operated stomach. In the research work by  

Ortega C.B. et al., the application of ICG-angiography 

was indicated for the detection of individual specific 

features of auxiliary blood supply of the gastroesophageal 

junction during the laparoscopic longitudinal gastric 

resection, which can aid in the assessment of the 

viability of the tissues being combined [18].

Another interesting research is the one conducted 

by Kalmar C.L. et al., in which ICG, for the first time 

in clinical practice, was used not during angiography 

as a contrasting agent, but during the provocative test 

with intraluminal administration of the latter during LGR 

and stomach shunting (SS) [19]. With the administration 

of ICG to 59 patients, the obtained findings include a 

single true positive and a single false-positive result, and 

sensitivity and specificity of the method were 100 and 

98.28%, respectively. However, this research describes 

only one case of suture incompetence, the origin of 

which is unclear. Besides, this research was conducted 

without comparing to other methods. Such comparison 

was performed in the research work by Hagen et al. 

during the course of robot-assisted stomach shunting. 

It was shown that the use of the methods of intraluminal 

administration of the combined solution containing 

ICG (5 mg) and methylene blue (2 mg) shows greater 

sensitivity of ICG methods comparing to the classic 

bubble test and the methylene blue test. Four patients 

out of 95 patients had positive ICG test result, in which 

additional suture line reinforcement was applied [20]. 

The limited informativity of these research works is 

due to the type of clinical research, in which there is 

no possibility to unequivocally state the prime cause 

of developing incompetence. This circumstance can 

be overcome in the experimental settings, allowing for 

simulating the defects of applying the surgical suture, 

which, in turn, allows for defining what consequences 

it may result in.

Research aim: an evaluation of the intraoperative 

diagnostics of machine suture incompetence when 

performing the LGR surgery using fluorescent 

visualization with Indocyanine green (ICG) by using the 

pig-based modeling of various reasons of incompetence 

and by controlling surgical complications with the aid 

of morphological tests.

 METHODS
 Research design
The experiments included 20 pigs (Sus scrofa 

domesticus) of the Landrace breed weighing 40–45 kg 

(obtained from the breeding station of the “Pulkovskiy” 

Agricultural Holding) in accordance with the protocol, 

approved by the Institutional Animal Care and Use 

Committee of the Federal State Budgetary Institution 

“Almazov NMRC”, under the Ministry of Health of the 

Russian Federation. The animals were distributed into 

the following experimental groups: the control group 

with standard LGR (n=4), the test groups receiving 

LGR with the modeling of two variants of mechanical 

reasons for incompetence (n=12), as well as the local 

ischemia group (n=4). Intraoperationally, the stomach 

lumen was filled with the solution containing methylene 

blue and indocyanine green, after which an evaluation 

followed of the ingress of the staining agent along with 

the visualization of the indocyanine green fluorescence. 

Besides, in the ischemia group, ICG was administered 

intravenously. On Day 7 after surgery, or in case of 

developing signs of peritonitis, laparotomy was used 

with the visual evaluation of the operated zone, taking 

samples of material for histological examination.
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Research facilities
This research work was carried out within the 

premises of the Pre-Clinical Translational Research 

Center of the Federal State Budgetary Institution 

“Almazov NMRC”, under the Ministry of Health of 

the Russian Federation. The experimental animals 

(pigs) were provided by the breeding station of the 

“Pulkovskiy” Agricultural Holding.

Research duration 
The experiment for each separate animal was 

completed on Day 7 after surgery or in case of 

developing signs of peritonitis. The research activities 

were carried out from July 2018 until May 2019.

Medical procedure description 
The animals were not deprived in terms of feeding 

and hydration. Within 12 hours before surgery, the 

animals were consuming only water. 

Surgical interventions were carried out under 

endotracheal anesthesia (isofluorane at a concentration 

of 1–5%). After the upper midline laparotomy, 

longitudinal gastric resection was performed according 

to the standard method [21]. The mobilization of 

the greater gastric curvature was done using the 

ultrasound scalpel (Johnson & Johnson). The gastric 

resection itself with the formation (from the remaining 

part of the stomach) of the so-called “sleeve” was 

performed using the Echelon FLEX 45 (Johnson & 

Johnson) suturing apparatus. The control group was 

sutured with the use of green Echelon cartridges with 

an open staple height of 4.1 mm (closed — 2.0 mm). As 

for the staples with lesser height, white cartridges were 

used with the height of the open staple of 2.6 mm, the 

closed staples were 1.0 mm high.

After finishing the resection stage with the 

formation of the “gastric tube”, further closing was 

done in the outflow segment of the stomach, while 

the gastric lumen was filled (using the nasogastral 

tube) with 50 ml of the combined solution, containing 

physiological saline, Indocyanine green (Roth, China) 

at a concentration of 0.02 mg/ml and methylene 

blue (SamaraMedprom, Russia) at a concentration 

of 0.04 mg/ml. The evaluation of the machine suture 

zone was done directly after the administration 

of the solution, first using the visible light, then 

at the infrared spectrum using the IMAGE1 STM 

laparoscopic video-system and the D-LIGHT P SCB  

light source (KARL STORZ, Germany) with an 

illumination within the wavelength interval of 

750–810 nm. The test was considered positive in 

case of registering the fluorescence in the area  

of the staple line [22]. 

The animals in the group of local ischemia modeling 

underwent intravenous injection of ICG at a dosage of 

0.1–0.3 mg/kg, with performing the visual evaluation 

of the evenness of the fluorescence in the resected 

stomach. In the settings of impaired blood supply, 

impaired or absent staining was expected in the area 

of artificially created ischemia. 

Surgical interventions were completed with layered 

suturing of the wound. 

The experiment was completed on Day 7 after the 

surgery or in case of developing signs of peritonitis. 

Under endotracheal anesthesia, repeated laparotomy 

was carried out with the visual evaluation of the machine 

suture zone, after which the stomach was completely 

removed for histological examination. The sacrification 

of experimental animals was done by intravenous 

administration of KCl solution with the euthanasia 

control parameter being the stable ECG isoline.

Research outcomes 
Main research outcome. The parameter 

characterizing the main outcome of the research, 

was the case of suture incompetence. During the 

course of the longitudinal gastric resection, the onset 

of incompetence was registered by the ingress of 

methylene blue, by ICG fluorescence during the tests. 

(Fig. 1). Upon the repeated laparotomy, the case of 

machine suture incompetence was registered upon 

detecting the macroscopic changes expressed as 

abscesses and peritonitis (table 1, 2).

Additional research outcomes. The evaluation 

of histological parameters was carried out semi-

quantitatively with grading by points from 0 to 3, where 0 

is the absence of the manifestation, 1 is its mild intensity, 

2 is the moderate intensity and 3 is the strong intensity. 

The following pathological changes were registered: 

necroses, the degree and the content of cellular 

infiltration, the presence of colonies of microorganisms, 

fibrin deposits at the serous membrane with signs of 

inflammation, the intensity of fibrosis and granulation 

tissue, as well as the presence of hemorrhages, 

foreign body gigantic multinuclear cells and glandular 

epithelium with inflammatory atypia. Outside the area 

of the machine suture (staple line), various background 

changes were evaluated within the gastric wall: 

presence of ulcers, hyperplastic growth of surface 

epithelium and others. 

For the purpose of quantitative and statistical 

evaluation of the histological signs of machine suture 
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incompetence, an integrative parameter was used, 

which was developed specifically for the aims of this 

research. Histological parameters were selected which 

characterize the severity and the degree of intensity of 

the inflammatory infiltration, as well as signs of local 

deterioration of the reparative process — necrosis and 

fibrin deposits in the area of the suture. The integrative 

parameter was compiled using the sum of the points 

for these parameters and has a maximum of 12 points, 

which is the sum of maximal points for each of the four 

evaluated parameters. The grades were corresponding 

to the following points: 0–3 points — absence of 

clear manifestations, 4–5 points — mild intensity, 

6–7 points — moderate intensity, 8–12 points — strong 

intensity. 

Subgroup analysis
The animals after the longitudinal resection were 

randomly distributed in the following research groups: 

1) longitudinal gastric resection (LGR) without the 

pathological process modeling (n=4) (control group);

2) modeling of the mechanical origin of incompetence 

by means of unbending three rows of staples of 

the machine suture at a distance of 1 cm right after 

applying the last one (n=6);

3) modeling of the mechanical origin of incompetence 

using suturing equipment cartridges with lesser 

staple height comparing to the thickness of sutured 

tissues (n=6);

4) modeling of local ischemia by an application of  

U-shaped sutures onto the anterior gastric wall 

at the machine suture zone with the formation 

of square-shaped ischemia zone with an area  

of 1.0–1.5 cm2 (n=4).

Methods for registration of outcomes 
The evaluation of research outcomes was 

performed by means of intraoperative diagnostics of 

Fig. 1. a, b — ICG leakage between the stitched walls of the stomach distal to the hardware suture line when simulating 
incompetence by unbending the hardware suture staples. c, d — “Point leakage” of ICG along the inner row of the staple 
seam when simulating failure by using cassettes with a lower staple height.

a

c

b

d
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incompetence, by macroscopic visualization during 

repeated laparotomy and by morphological examination 

of the histological material.

In order to detect the morphological changes, two 

5–7 mm thick sections were cut from the tissues in the 

machine suture zone where the pathological process 

was modeled.

The histological slides were prepared 

and examined using the standard method of  

hematoxylin-eosin staining and the Mallory staining.  

A combined pathomorphological analysis was carried 

out with the evaluation of the acute inflammation, 

including its intensity and cell composition, the 

dystrophic changes in the parenchymal and stromal 

cells and the impaired circulation.

Ethical review 

The research protocol PZ_22_3_SoninDL_V3 was 

approved by the Institutional Animal Care and Use 

Committee (IACUC) of the Federal State Budgetary 

Table 1

Histological indicators of the inflammatory process in the hardware suture area.  
Integrative summary indicator 

Groups S.№ МС ICG
Acute 

inflammation, 
points

Intensity of 
inflammatory 

infiltration, 
points

Necrosis, 
points

Fibrin 
(with neutrophils) 

on the serous 
membrane, points

Integrative 
parameter, 

points

Control

1 No No 1 1 1 0 3

2 No No 0 1 0 0 1

3 No No 1 1 0 0 2

4 No No 1 1 0 0 2

Unbent 
staples 

5 No Yes 3 2 3 0 8

6 Yes Yes 3 3 2 3 11

7 No Yes 1 3 2 0 6

8 No Yes 2 2 2 0 6

9 No Yes 2 2 0 0 4

Staple 
height 

10 No Yes 2 2 2 2 8

11 No Yes 2 3 2 3 10

12 No Yes 2 2 3 0 7

13 No No 3 3 3 3 12

14 No Yes 3 3 2 0 8

15 Yes Yes 2 2 2 0 6

Ischemia*

16 No No* 1 2 1 0 4

17 No No* 1 2 2 0 5

18 No No* 2 2 3 0 7

19 No No* 1 1 1 0 3

Note. * in the group of modeling the ischemic cause of failure, there was no leakage of ICG between the connected walls of 
the stomach, but a filling defect in the ischemic zone was detected.

Table 2 

Analysis of the indicator “Severity of inflammatory infiltration” depending on the Group 

Parameter Category

Group, n (%)

p
Control

Unbent 
staples 

Staple 
height

Ischemia

Severity 
of inflammatory 
infiltration

mild 4 (100.0) 0 (0.0) 0 (0.0) 1 (25.0) 0.005*
pControl — 

staple height = 
0.040

moderate 0 (0.0) 4 (80.0) 3 (50.0) 3 (75.0)

strong 0 (0.0) 1 (20.0) 3 (50.0) 0 (0.0)

Note. *  — differences in indicators are statistically significant (p <0.05). Method used: Pearson’s chi-squared test.
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Institution “Almazov NMRC”, under the Ministry of 

Health of the Russian Federation and by the Ethics 

Committee of the Federal State Budgetary Institution 

“Almazov NMRC”, under the Ministry of Health of the 

Russian Federation 

Statistical analysis
Statistical analysis was done using the StatTech 

v. 3.1.10 software (developed by the “Stattech” LLC, 

Russia). The categorical variables of semi-quantitative 

histological examination were described with adding 

the absolute values and percentages. The comparison 

of percentages during the analysis of multifield 

contingency tables was performed using the Pearson’s 

chi-squared test.

RESULTS
Research sample (participants) 
The research sample included the animals 

(20 Landrace breed pigs weighing 40–45 kg) undergoing 

surgical intervention — longitudinal gastric resection 

(LGR). After the LGR, the animals were randomly 

distributed into the experimental groups with modeling 

various origins of machine suture incompetence and 

the control group. Intraoperationally, the procedures 

included the methylene blue and ICG tests with the 

visual evaluation of the result. On Day 7 after the 

surgical intervention or in case of developing signs 

of peritonitis, repeated laparotomy and gastrectomy 

were carried out. Further procedures included the 

histological evaluation of the stomach material.

Main research outcomes
In the control group, as the combined solution  

(ICG and methylene blue) was introduced, even 

fluorescence was observed in the walls of the operated 

stomach, except for the tissues, located distally from 

the staple line (machine suture). 

In the group of modeling the machine suture 

incompetence by unbending the staples, one case of 

fatal outcome was reported during the application of 

the anesthesia. During the course of the experiment, 

after suturing by means of using the suturing machine, 

the ICG fluorescence between the joined stomach 

walls was found in all five cases (Fig. 1), with the ingress 

of methylene blue being found only in one of five tests. 

Upon the repeated laparotomy, two confirmed cases 

of machine suture incompetence were registered, 

which were represented by macroscopic changes 

expressed as abscesses and peritonitis (table 1). In 

other cases, adhesion process was found with various 

degree of intensity. It is worth noting that, with this 

type of modeling the machine suture incompetence, 

the detection of the staining solution was found (both 

the methylene blue and the ICG) between the sutured 

gastric walls distally from the machine suture line. 

In six animals within the group of modeling of 

machine suture incompetence using the suturing 

machine with lesser height staples, the ingress of 

methylene blue was observed in one case, while 

the ICG fluorescence was found in five cases. Upon 

the repeated laparotomy, suture incompetence was 

observed in two cases, represented as macroscopic 

signs of abscesses and peritonitis (see table 1). In other 

cases, an adhesion process was found with various 

degree of intensity. Unlike the previous group, ICG 

fluorescence was observed not between the joined 

tissues, distally from the machine suture line, but as 

a specific “dotted transudation” along the proximal 

row of staples, which may indicate the mechanical 

damage (crushing) of the stomach walls upon suturing 

(see Fig. 1). With this, one of the incompetence cases 

was reported in an animal in which intraoperationally 

there was no visualization of the methylene blue or of 

the ICG (table 2).

In the group of local ischemia modeling, in several 

seconds after an intravenous administration of the ICG, 

just like in the control group, evenly intensive staining 

was observed in the walls of the operated stomach, 

except for the margins of the gastric walls, located 

distally from the machine stitch line and except for the 

local ischemia modeling zone, matching with the latter 

by the shape and the dimensions. Upon the repeated 

laparotomy, the zone of ischemia modeling shows  

a more significant (comparing to the control) adhesion 

process with no macroscopic signs of incompetence.

Additional research outcomes 
Upon histological examination, all the samples, 

both in the control and in the test groups, were showing 

signs of inflammatory and reparative processes, related 

to the mechanical damage of gastric walls, with various 

degree of intensity. 

In the control group, the inflammatory processes 

in the majority of cases were represented by subacute 

mild- and moderately-expressed inflammation with 

the predominance of lymphocytes, plasmacytes 

and histiocytes. In single cases, the admixture of 

granulocytes and eosinophils was observed. Local 

tissue necrosis was found in 1 sample. No cases of 

massive purulent inflammation, fibrin deposits on 

the serous membrane or adhesions with the organs 
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of the abdominal cavity were reported. The degree 

of developing the granulation tissue and forming the 

mature collagen fibers indicate the on-going reparative 

process in the area of the machine suture.

In all the cases of modeling the mechanical origin 

of suture incompetence, inflammatory infiltration 

was observed with various degree of intensity, in the 

majority of cases with the predominance of neutrophils 

(often combined with the necroses of tissues in the area 

of the suture line and with signs of peritonitis), in part 

of the cases with the predominance of lymphocytes. 

Besides, oftentimes the infiltrate was showing the 

presence of eosinophilic admixture (in  some cases 

significant) and of foreign body gigantic multinucleated 

cells. Along the peripheral areas of the infiltrate, in 

the majority of cases the findings included a plethoric 

granulation tissue and signs of fibrosis (the  Mallory 

staining), which was more significant in case of 

lymphocytic (not neutrophilic) predominance in the 

inflammatory infiltrate. The maturity of collagen fibers 

indicates the on-going reparative process within the 

zone of the machine suture, however, the pronounced 

fibrosis in part of the cases resulted in the development 

of adhesions with the small intestine, liver and spleen. 

Besides, in a number of cases, the suture line zone was 

showing the presence of gastric epithelium with signs 

of inflammatory atypia.

The local ischemia group is characterized by local 

necrosis of various degree of intensity with pronounced 

inflammatory infiltration with the predominance of 

granulocytes. This zone had signs of slowed reparative 

process, however, in the remote areas, the visualized 

findings included the developed granulation tissue with 

inflammatory infiltration of various degree of intensity 

and collagen fibers of various degree of maturity. 

In this research, it is not possible to isolate any 

specific morphological parameter, which could 

be applicable as a morphological analogue for 

incompetence of the surgical suture. However, upon the 

point-based evaluation of the histological changes, we 

could count the sum of mean points and compare the 

results obtained between groups. The parameters that 

are significant for the evaluation, which were included 

into the integrative parameter, are the following: acute 

inflammation, degree of inflammatory infiltration, 

necrosis and fibrin deposits on the serous membrane.

The results of semi-quantitative evaluation are 

provided in tables 1–3, while the images illustrating the 

characteristic histological changes are provided in Fig. 2.

Upon the analysis of the histological material after 

mechanical modeling of suture incompetence, the 

following data were obtained. In the “unbent staples” 

group, 40% were showing an acute inflammatory 

reaction, predominantly of moderate degree of intensity 

(80%), while in the “staple height” group, 33% were 

showing acute inflammatory reaction of moderate 

or strong degree of intensity (by 50%) (statistically 

significant differences, р  ≤0.05; table 3). The mean 

integrative parameter in the groups with modeling the 

incompetence was higher than in the control group and 

in the ischemia group (statistically significant differences, 

р ≤0.05; table 3). With this, the integrative parameter of 

inflammatory changes in the “staple height” group was 

higher than in the “unbent staples” group (statistically 

significant differences, р ≤0.05; tables 2, 3).

Upon the morphological examination of all the cases, 

in which ICG transudation was registered during the 

experiment, the following data were obtained: in 90% 

of the cases, significant signs of inflammation were 

observed, which indirectly indicates the histological 

equivalents of incompetence. In the opposite case, 

when the ICG transudation was not registered, in 80%, 

the histological response was showing signs of mild 

intensity inflammatory changes (statistically significant 

differences, р ≤0.05; table 4).

The results of evaluating the ICG transudation, 

unlike the methylene blue, correlate with the data from 

the histological analysis.

Undesirable phenomena 
A fatal outcome was reported in one animal after 

the application of general anesthesia.

Table 3 

Analysis of the “Integrative indicator” indicator depending on the Group

Parameter Category
Group, n (%)

p
Control Unbent staples Staple height Ischemia

Sum 
of points

normal 4 (100.0) 1 (20.0) 0 (0.0) 1 (25.0)

0.015*
mild 0 (0.0) 2 (40.0) 0 (0.0) 2 (50.0)

moderate 0 (0.0) 0 (0.0) 2 (33.3) 1 (25.0)

strong 0 (0.0) 2 (40.0) 4 (66.7) 0 (0.0)

Note. * — differences in indicators are statistically significant (p <0.05). Method used: Pearson’s chi-squared test.
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DISCUSSION
The incompetence of the anastomosis after 

bariatric surgeries still remains one of the most serious 
complications, resulting in an increase in the morbidity 
and in costs required for restoring the health of the 
patients. Currently, the rate of developing the major 

adverse events within 30 days after surgery, depending 
on its type, is within a range from 2.5% to 5.0%. The 
most common location of incompetence is the angle 
of His, both for the ischemic and for the mechanical 
factors. The conventional methods of suture control, 
due to their insufficient sensitivity, do not allow for 

Fig. 2. Representative photographs of the features of inflammatory infiltration in the hardware suture area in samples of 
different groups. a — “control”, the formation of dense layers of collagen fibers between muscle bundles in the damage 
zone, weak inflammatory infiltration is represented by single lymphocytes. b — “ischemia”, locally areas of necrosis 
with strong inflammatory infiltration. c — “removal of staples”, acute inflammation, severe inflammatory infiltration, 
predominantly neutrophilic and eosinophilic. d — “height of staples”, acute plethora of granulation tissue, severe 
inflammatory infiltration, fibrin on the surface. Hematoxylin-eosin staining, magnification 100×. 

a

c

b

d

Table 4 

Analysis of the indicator “Integrative indicator — gradation of points” depending on the Group

Parameter Category
МB, n (%) ICG, n (%)

Yes No Yes No

Integrative 
indicator — 
gradation of points 

none 0 (0.0) 4 (30.8) 0 (0.0) 4 (80.0)

mild 0 (0.0) 1 (7.7) 1 (10.0) 0 (0.0)

moderate 1 (50.0) 3 (23.1) 4 (40.0) 0 (0.0)

strong 1 (50.0) 5 (38.5) 5 (50.0) 1 (20.0)

р 0.730 0.010*

Note. * — differences in indicators are statistically significant (p <0.05). Method used: Pearson’s chi-squared test.
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timely detection of the developing problems and this 

is why the fundamental task is searching for new 

approaches for solving these problems. One of them 

can be the use of ICG test and the visualization of its 

fluorescence in the near infrared range [23, 24]. The 

higher sensitivity of ICG fluorescence comparing to 

the methylene blue test was demonstrated during the 

recently conducted clinical trial [20]. However, such 

research works do not allow for determining in which 

way the defects of creating a suture line can lead to one 

or another complication.

This research is aimed at the experimental 

evaluation of the informativity of the intraoperative 

diagnostics of machine suture incompetence using the 

visualization of the fluorescence of administered ICG 

in the settings of modeling various reasons of machine 

suture incompetence when performing the longitudinal 

gastric resection and with comparing the method to 

the methylene blue test.

In clinical practice, the machine suture incompetence 

is generally understood as the presence of a defect 

associated with a characteristic set of symptoms and 

with the development of local pathological changes 

and with further systemic inflammatory reaction, 

detectable upon the instrumental tests or during 

the revision surgery. In the aspect of morphological 

changes, it is necessary to note the presence of 

generic differences between humans and animals in 

terms of the pathological processes in the abdominal 

cavity [25–27].

Thus, in the research by Henne-Bruns D, when 

applying only four sutures with a single knot when 

forming an anastomosis in rats, out of 24 animals, only 

3 had the development of peritonitis, while in 30 days 

the anastomoses were covered in granulation tissue, 

but the adhesion process was more pronounced than 

in cases of creating a complete anastomosis [25]. 

According to the opinion from number of authors, one 

of the reasons of the complexity of modeling the suture 

incompetence is using young and healthy animals for the 

experiment, as well as the species-related physiological 

features of healing the wounds. When modeling the 

incompetence of the large intestine anastomosis, a fast 

fibrin deposition was found and, as a result, adhesions 

were developing, which prevented the development of 

peritonitis or intra-abdominal abscesses, which is not 

characteristic for humans [26, 27].

Thus, in the experimental settings, only the 

combined histological analysis of the processes taking 

place in the damage zone with the estimation of the 

activity and intensity of inflammation, of the presence 

of fibrin on the surface of serous membranes, of the 

spreading of necrosis and fibrosis within the tissues, of 

the presence of adhesions and signs of peritonitis — 

all of these allow for evaluating the surgical suture 

incompetence.

The experiments conducted in pigs have allowed for 

reproducing the possible mistakes of forming the staple 

line. The estimation of the findings in light of ICG  — 

fluorescence, as well as in light of the morphological 

analysis of the material obtained in 7 days, allow for 

defining what consequences may be resulting from 

these mistakes.

The comprehensive assessment of the mechanisms 

of modeling the mechanical origin of pathological 

changes in the area of the joined tissues, along with 

the fluorescence images allowing for real time mode 

identification of the developing impairment with further 

correlating the intensity of morphological changes — 

all of these allow for intraoperative predicting the 

possibility of developing surgical suture incompetence.

A series of experiments with modeling local ischemia 

have confirmed the possibilities provided by fluorescent 

ICG-angiography in terms of visualizing the problematic 

foci of perfusion, which were completely matching the 

location of ischemia modeling area and the inflammatory 

changes of various degree of intensity [28–30]. 

Upon summarizing the data obtained in the groups 

of modeling the mechanical origin for incompetence 

with intraluminal administration of the staining agents, 

intensive inflammatory changes (integrative parameter 

≥6 points) were found in 10 cases out of 11. With this, 

the positive ICG test was reported in 9 cases, while 

when using methylene blue, only 2 cases were positive, 

which demonstrates higher informativity of the methods 

employing the intraluminal administration of ICG in 

“mechanical” models of machine suture incompetence 

comparing to the administration of methylene blue.

In the present research, the shapes were defined 

for ICG fluorescence depending on the incompetence 

model, namely: transudation between the sutured 

gastric walls distally from the machine suture line when 

modeling the incompetence by unbending the staples 

and “dotted transudation” along the internal staple 

line when modeling the incompetence by using the 

cartridges with lesser staple height.

The obtained data, most probably, can allow for 

intraoperationally supposing not only the presence of 

machine suture incompetence risk, but also for defining 

the probable cause of the latter. 

In the majority of cases, the information required 

for making a decision can be obtained upon the 
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intraluminal administration of ICG, including the area in 

the proximal third of the staple line, where the higher rate 

(up to 85%) of incompetence cases was described [24]. 

Besides, it is known that 24–28% of bariatric patients 

undergo repeated interventions, having higher risks 

of developing the incompetence, which defines the 

topicality of using ICG for the evaluation of specific 

features and of the adequacy of blood supply, as well 

as for defining the hermeticity of joined tissues [17, 24].

Research limitations
This research was exploratory, due to which, within 

the framework of this research, there was no analysis 

of the sensitivity and of the specificity of the methods 

tested. 

CONCLUSION
Using the ICG fluorescent staining agent allows 

for determining the changes in the staple line, which 

are invisible when employing the visible light, which 

potentially can lead to the development of the 

machine suture incompetence during the course 

of the longitudinal gastric resection. The method of 

ICG visualization demonstrates significantly higher 

sensitivity comparing to the diagnostics methods 

employing the methylene blue. 

The methods of fluorescent ICG visualization with 

intravenous and intraluminal administration of the said 

fluorophore, shall not be considered as the competing 

methods, for they augment each other, covering 

the whole spectrum of the causes of developing the 

machine suture incompetence — from the impaired 

blood supply to mechanical factors. Within this context, 

further clinical and experimental research are deemed 

topical for the purpose of developing the standardized 

protocols of implementing these methods.

 These methods may be useful upon revision 

interventions, in cases of intraoperative technical 

difficulties, occurring at the centers with small number 

of annually performed surgeries, as well as at the 

training phase, allowing for timely detection of already 

existing or potential defects of the machine suture, by 

this minimizing the risks of incompetence development.
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