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Abstract

Notwithstanding modern achievements in reconstructive surgery of  the esophagus, intensive care, progress in modern clini-
cal pharmacology, anesthesiology and reanimation, the results of  such operations are still considered unsatisfactory. One 
of  the most severe complications leading to the development of  postoperative empyema and sepsis is anastomotic leakage, 
occurring in 9%-17% of  cases. In long-term postoperative periodthe leaks lead to the development of  esophago-organ 
anastomotic strictures, requiring repeated restorative interventions.

The aim of  the work was to decrease the incidence of  leaks and strictures of  esophago-organ anastomosis in esophago-
plasty by predicting the risk of  their occurrence and using the developed method of  anastomosis formation. 

116 patients with esophageal strictures were included in the study: 45 patients had post-burn strictures, 10-peptic strictures, 
17-postoperative strictures and 44 patients -esophageal cancer. The most significant predictors of  postoperative complica-
tions were identified by modeling the risk of  their development using logistic regression method. In experimental group of  
patients, an individual approach to the choice of  surgical intervention method was applied using an improved diagnostic 
and treatment algorithm with prediction of  complication risk, the developed instrumental method of  esophago-organ 
anastomosis creation.

The results of  operative treatment for esophageal strictures showed early post-operative complications to develop in 60 
patients (51.72 %). There were six deaths: four patients in the control group and two patients – in experimental group.
The use of  diagnostic and treatment algorithm with prediction of  complication risk, the developed method for creation 
of  esophago-organ anastomosis was associated with steady postoperative improvement in general clinical and laboratory 
parameters. Leaks and strictures of  cervical esophago-organ anastomosis occurred in 7 patients (11.48 %) of  experimental 
group and 15 patients (27.27 %) of  the control group (p<0.05).
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Introduction

Notwithstanding modern achievements in reconstructive sur-
gery of  the esophagus, intensive care, progress in modern clini-
cal pharmacology, anesthesiology and reanimation, which have 
extended indications for radical operations, their results are still 
unsatisfactory [1, 2]. According to many authors, complications in 

postoperative period after resection, esophageal extirpation and 
reconstructive operations on the esophagus occur in 19-25% of  
patients.

One of  the most severe complications leading to the develop-
ment of  postoperative empyema and sepsis is anastomotic leak, 
occurring in 9%-17% of  cases. In long-term postoperative period 
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they result in strictures of  esophago-organ anastomosis, requiring 
repeated restorative interventions [3, 4]. Postoperative death rate 
associated with leakage of  esophago-organ anastomosis reaches 
70%, and no significant tendency to its decrease is observed [5, 6].

Numerous studies, presented in modern scientific literature, are 
devoted to various methods of  preventing the leakage of  hollow 
organs anastomoses, but unfortunately, the problem of  anasto-
motic leakage is still urgent in surgery [7-9]. There are studies on 
techniques of  esophago-organ anastomosisformation, the state 
of  transplant microcirculation at the site of  potential anastomo-
sis, the degree of  bacterial contamination in suprastenotic portion 
of  the esophagus before and after surgery, tissue regeneration in 
the fistula region [10, 11]. Little attention is paid to the method of  
prognosis of  this complication development. In addition, those 
complications often occur after reconstructive surgery on the es-
ophagus in elderly and senile patients, having usually concomitant 
pathology. Severe concomitant conditions interfere with normal 
compensation processes, slow down the dynamics of  recovery 
of  the patient’s functional state, resulting in sharply decreased re-
generative processes throughout the body in early postoperative 
period, especially in the region of  anastomosis and postoperative 
wound [12, 14].

The aim of  the work was to decrease the incidence of  leaks and 
strictures of  esophago-organ anastomoses in operative treatment 
of  esophageal strictures by predicting the risk of  their develop-
ment and improvement of  anastomosis creation technique.

Materials and Methods

116 patients with esophageal strictures were included in the study. 
The patients were treated at the Department of  esophageal and 
gastro-intestinal diseases of  state institution “V.T.Zaitsev Insti-
tute of  General and Emergency Surgery of  National Academy of  
Medical Sciences” (70 individuals) and Thoracic Surgery Depart-
ment of  Vinnytsya Regional Pirogov Memorial Clinical Hospital 
(46 patients) during the period of  2005-2018.

By etiology the esophageal strictures were divided into post-burn - 
in 45 patients, peptic strictures (associated with reflux esophagitis) 
– in 10, postoperative - in 17, and tumor diseases of  the esopha-
gus presented by esophageal cancer - in 44 patients. Distribution 
by age showed the mean age to be 34 years. The great majority of  
patients were 21-60 years old, i.e. working-age individuals. There 
were 79 men aged 20-66,average age 30.5 years, and 37 women 
aged 18-70, average age 36 years. Hospitalized patients (85.34%) 
with benign esophageal strictures had the third and fourth degree 
of  esophageal obstruction.

Patients with esophageal strictures were divided into two groups: 
control group, consisting of  55 patients (47.41%) and experi-
mental group, involving 61 patients (52.59%). The patients of  
the control group underwent conventional surgical treatment of  
corrosive esophageal strictures according to existing protocols 
and standards. In experimental group of  patients, an individual 
approach to the choice of  surgical intervention method was ap-
plied using an improved diagnostic and treatment algorithm with 
prediction of  complication risk, as well as the developed instru-
mental method of  esophago-organ anastomosis formation. 

Conventional examinations included estimation of  the risk of  
complication development. Logistic regression method was used 
to evaluate the role of  certain factors in esophageal anastomot-
ic leakage development after esophagoplasty according to un-
matched case-control unbalanced design of  the study. A total of  
100 patients were studied, 52 of  them had complications and 48 
developed no complications (controls). The most significant pre-
dictors of  postoperative complications were identified by mod-
eling the risk of  their development. By coefficient values, the risk 
of  cervical esophago-organ anastomotic leakage and associated 
complications was found to be increased in anemia, model coef-
ficient = 2.0629, p = 0.0356; decreased albumin level- less than 
25 g/l, model coefficient = 2.9323, p = 0.0117; diabetes mellitus, 
model coefficient = 3.1555, p = 0.0156; total esophageal obstruc-
tion, model coefficient = 2.9962, p = 0.0104. Application of  the 
proposed instrumental method for cervical anastomosis forma-
tion significantly reduced the risk of  its leakage, model coefficient 
= -6.4835, p = 0.0068. When comparing informative value of  full 
and reduced models, no significant differences were found, (chi-
squared 7) = 5; p = 0.3300). Thus, the two models had similar 
prognostic value. As linear predictorconsists of  only five risk fac-
tors, the range of  predicted risk of  leakage development is wide 
- from 0% to 99.8%.
	
According to the above mentioned estimates, the prognostic 
model is as follows:

1{1 exp( )}r regpred −= + −

where r – prognostic risk of  cervical esophago-organ anastomotic 
leakage, exp-exponent, regpred - regression predictor variable,

regpred = -6.1224 + 2.0629* anemia + 2.9323* hypoproteinemia 
+ 3.1655* diabetes mellitus + 2.9962* total esophageal obstruc-
tion – 6.4835* application of  suggested method of  anastomosis 
formation.

Results and Discussion

Treatment algorithm consisted of  predicting the risk of  compli-
cations, and if  it exceeded 70%, the patients were not operated 
on. They underwent intensive therapy in the intensive care unit 
to correct metabolic disorders, and stenting of  the stricture re-
gion with nitinol stents if  possible. In other cases gastrostomy 
by Witzel’s method or Kader procedure were performed. When 
prognostic risk of  cervical esophago-organ anastomotic leakage 
was 40-70%, the patients underwent correction of  concomitant 
pathology and protein and water-electrolyte metabolism in inten-
sive care unit to be prepared for reconstructive surgery. When 
anastomotic leakage risk was less than 40%, the patients under-
went reconstructive surgery after proper preoperative preparation 
in the surgical department.
	
The developed instrumental method for the formation of  esopha-
go-organ anastomosis was used in 7 patients (useful model patent 
of  Ukraine № 132523 of  25.02.2019). According to this method, 
during esophageal reconstructive procedure, after formation of  
the transplant and its placement on the neck area (through the 
posterior mediastinum in plastics with gastric tube or retrosternal 
plastics of  the esophagus with the colon), the removable head of  
the circular stapler is fixed in the remnant of  the esophagus and 
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purse-string-type closure is performed. For anastomosis creation, 
the circular stapler CH 29 is inserted through the proximal por-
tion of  the transplant in the neck region,and end-to-side mechani-
cal anastomosis is formed (Figure 1). After mechanical suturing, 
circular stapler is opened and extracted from the corresponding 
organlumens. Then, gastric tube No 18 is inserted through the 
created mechanical anastomosis. Mechanical suture line is rein-
forced by quilted sutures, beginning and ending on the transplant 
at a distance of  1 cm from the line of  instrumental anastomosis. 
First, all sutures are placed, and then they are tiedin turn, thus 
placing the esophageal stump in the graft (Figure 2, Figure 3). Af-
ter formation of  anastomosis, the excessive part of  the transplant 
(gastric tube or colon) is cut off  with a linear stapler.

The results of  surgical treatment in patients with corrosive esoph-
ageal strictures showed the development of  early postoperative 
complications in 60 individuals (51.72%). There were six deaths: 
four - in the control group and two - in experimental group. In ex-
perimental group, where diagnostic and treatment algorithm with 
prognostic risk of  complications and the developed method for 
creation of  esophago-organ anastomosis were used, the patients 
demonstrated steady improvement of  postoperative general clini-
cal and laboratory indices. Leakage of  cervical esophago-organ 
anastomosis and esophageal strictures occurred in 7 patients 
(11.48 %) of  experimental group and 15 patients (27.27 %) of  the 
control group (p<0.05).

The use of  prognostic risk model for complication developmen-

Figure 1. Formation of  Mechanical End-to-Side Anastomosis.

Figure 2. Reinforcement of  Mechanical Suture Line with Quilted Sutures.

Figure 3. Invagination of  Esophageal Stump in the Transplant.
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tassociated with cervical anastomosis, the proposed therapeutic 
algorithm, as well as the developed method of  circular staple cer-
vical anastomosis creation resulted in reduced incidence of  leaks 
and strictures of  esophago-organ anastomosis; decreased time 
of  hospitalization - from 28.2 ± 1.1 to 21.5 ± 0.5 bed-days (p 
<0.001), postoperative period - from 20.5 ± 1.1 to 16.1 ± 0.7 bed-
days (p <0.01); decreased postoperative mortality - from 7.27% 
to 3.28%.

Conclusion

The use of  diagnostic algorithm including prognostic risk model 
for complications, the developed optimal therapeutic approach 
as well as the developed instrumental anastomosis was associate 
with significantly lower incidence of  esophago-organ anastomot-
ic complications, steady improvement of  postoperative clinical 
and laboratory parameters, lower mortality rate.

The proposed method of  anastomosis creation can be used in 
gastrictube esophagoplasty or esophagoplasty with colonic seg-
ment to form esophago gastric and esophago colonic anasto-
mosis in the cervical region. Besides, this type of  anastomosis 
creationis associated with high leak resistance and minimal risk of  
anastomotic leakage.
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