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The review considers in detail the most important aspects of open abdominal wall prosthetic repair techniques applied in surgical treatment 
of ventral and incisional hernias according to contemporary foreign and domestic experience. we have presented the views of leading researchers 
on the use of synthetic endoprostheses. The authors have suggested a modern classification of primary ventral and incisional hernias indicating 
its variation from the previous classification SwR (Chevrel and Rath) and others. we have assessed and interpreted the English terms compared 
to those used in Russia. The review has traced the change of the term “tension-free plasty” in its historical perspective.

The work has presented the main up-to-date techniques for mesh endoprostheses implantation, their advantages and drawbacks. There have 
been estimated the key points of prosthetic repair surgeries in median abdominal wall closure. we have considered correct names of variants of 
surgeries depending on mesh placement in relation to hernia orifices, anatomical layers of abdominal wall, and self-tissue displacement.

we have clarified some peculiarities of operative techniques relying on intra-abdominal pressure control, and estimated the advantages and 
disadvantages of these techniques.

The review has specified the most urgent problems of modern herniology, and presented one of promising directions of surgical 
technique improvement in the treatment of patients with large ventral and incisional hernias. we have shown the necessity of proper usage 
and understanding of the implication of terms standing for operative interventions, as well as correct use of corresponding classifications and 
terminology for adequate comparison of our research results with those of our colleges.
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Patients with abdominal wall hernias account for a 
significant part of patients in general surgery. It is due 
to the increase of the number and level of surgical 
interventions [1, 2], the development of operative 
techniques, the success of anesthesiology and intensive 
care. Hernias subsequently develop in 7–24% of patients 
who underwent midline laparotomy [3–7], especially after 
complications and/or relaparotomies [8]. The techniques 
of open abdomen and planned abdomen sanitations 
also lead to the formation of problematic category of 
cases:  patients after a number of surgeries, those with 
acute tissue defects of the abdominal wall, which further 
formed large hernias with reduction of the abdominal 
cavity volume [9–12]. New medical technologies are 
no exceptions: after a widespread introduction of 

laparoscopy there is a group of patients with trocar 
hernias [13–15].

Despite the adoption of tension–free technique using 
synthetic implants, the recurrence rate is 10–60% [16, 
17]. some surgeons still believe that the use of mesh 
had no effect on the treatment results of patients with 
complicated forms of hernias, in particular, large 
and giant incisional that led to improve autoplasty 
methods again [18]. It may happen that the problem of 
formation of hernias and their recurrences cannot be 
completely solved with exceptionally surgical approach 
because hernia  has been found to be the metabolic 
and structure disorders in connective tissue that are 
genetically determined [17, 19–22]. No target therapy 
of this disease has been developed so far. The authors 
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indicate that the patients after prosthetic hernia repair 
have recurrences occurring in the first year after surgery 
[23]. On the other hand, disturbance in the connective 
tissue metabolism can be due to genetic features and 
prolonged existence of abdominal wall defects [24]. 
This fact does not contradict the data on morphological 
studies. The patients with hernias developed in the scar 
area have the remodeling of muscle and connective 
tissues resulting from degenerative and regenerative 
processes [25]. According to these data, the autoplasty 
is not very promising.

There are various classifications of abdominal 
hernias. The most popular among them in the former 
soviet republics is that by Toskin’s and Zhebrowski’s, 
which is used most frequently by Russian doctors in 
general surgery [26, 27]. For the representatives of 
Russian Hernia society the sWR classification (Chevrel 
and Rath) is more common, it gaining acceptance first 
in Western Europe and then in Russia [17, 26–31]. 
However, the current classification of European Hernia 
society (2009) [32] meets up-to-date requirements more 
and is to be recommended for its implementation in the 
Russian Federation in order to unify the approaches to 
the management of this category patients in our country 
and abroad. According to this classification all incisional 
hernias are divided by hernia orifice size. In contrast 
to the Chevrel and Rath, they are defined by width as 
W1 — small (4 cm), W2 — moderate (4–10 cm), W3 — 
large (over 10 cm). symbols m (midline) and L (lateral) 
indicate hernia localization, the latter referring to all 
defects lateral to the outer edge of the rectus sheath. 
Accordingly, the location of hernia orifice is indicated by 
m1 — subxifoidal (up to 3 cm from the xiphoid process), 
m2 — epigastric, m3 — umbilical (up to 3 cm above and 
below the navel), m4 — infraumbilical, m5 — suprapubic 
(up to 3 cm above the pubic tubercle), L1 — subcostal, 
L2 — flanc, L3 — iliac, L4 — lumbar. The presence of 
recurrence is referred to as R. Thus, the category of 
giant hernias is combined with large ones. In cases with 
multiple defects all the area of incompetent abdominal 
wall is taken as a basis.

The same publication [32] shows the classification 
of primary abdominal wall hernias. It also contains 
the m and L categories, but otherwise is considerably 
different from that of incisional hernias. midline hernias 
include umbilical and epigastric defects. The lumbar and 
spigelius’s line defects are referred to lateral hernias. 
Hernias are divided by size in small (2 cm), medium 
(2–4 cm) or large (more than 4 cm). No relapses are 
mentioned since any abdominal wall defect in the 
postoperative scar area is classified as incisional. Thus, 
the term “recurrent umbilical hernia” according to this 
classification is incorrect. One should also pay attention 
to the use of previously known terms: the concept of 
“primary abdominal wall hernia” is identical to the term 
“ventral”, while all other hernia are referred to incisional 
abdominal wall hernias [32]. This information is to be 

taken into consideration when studying home and 
international practice.

In general, the experience of abdominal hernia 
treatment accounts for decades. There have been 
described many methods and operation techniques 
in this pathology. All proposed methods are divided 
into several categories. Autoplasty includes a number 
of techniques aiming at closing the abdominal wall 
defects using patient’s tissues. This group includes the 
most commonly used surgical procedures. Prosthetic 
repair based on the use of mesh implants has become 
a new direction developed in modern herniology [29]. 
mesh endoprostheses are made of various polymers, 
polypropylene being the most common. In addition to fully 
synthetic products, biological materials (xenopericardium) 
can be used for this purpose. The category of combined 
methods of abdominal wall defects closure is to be 
referred to the procedures involving both mesh use and 
the displacement of muscle and aponeurotic components 
for complete repair. The most common among them are 
those developed by Belokonev [29]. A number of Russian 
authors interpret the notion of combined techniques 
more widely and understand them as sublay technique. 
Abroad the above mentioned concepts are clearly 
distinguished as the terms “autoplasty” and “prosthetic 
repair” respectively. For the combination of autoplasty 
and mesh repair techniques the term “combined” is used 
that is inconsistent with the classical sublay operations.

morphological changes have been proved to develop 
in abdominal wall tissues of patients with hernias [17]. 
Therefore, the success of autoplasty in hernia repair is 
so limited in some clinical situations. On the other hand, 
due to specific reasons, there are recurrences following 
prosthetic repair as well [33, 34]. A defect closure method 
is recommended to choose according to a biomechanical 
concept of ventral hernia pathogenesis [35].

The issues of terminology in this section of surgery 
are laid special emphasis on. Leading national scientists 
have divided all prosthetic repair techniques into the 
abdominal wall reconstruction and correction [36–
38]. The first includes a complete restoration of the 
abdominal wall anatomy using a mesh. The second 
category involves the operations when the defect is 
closed by a mesh, the abdominal wall undergoing 
no significant changes. The suggested terms help to 
differentiate clearly various surgical techniques and they 
are recommended by the resolutions of the Conference 
of Russian Hernia society. It is also the practice to divide 
all operations into open and endoscopic.

The positioning of an implant relative to hernia orifice 
is denoted by the terms onlay, sublay and inlay [5, 6, 
9, 39–42]. The leaders of the Russian Hernia society 
repeatedly pointed out that these techniques should be 
understood, pronounced and reflected in medical records 
clearly and uniquely, just as they have been proposed by 
the authors [36, 38, 43]. modern researchers support this 
point of view, because it allows surgeons and clinics in 
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different countries to name certain operations accurately 
and correctly, as well as stratify patients, adequately 
assess and describe the results [39]. The term “onlay” is 
appropriate when the mesh is located above the defect, 
its edges can be sutured or not. The term “sublay” 
technique is used when the prosthesis is placed under 
the edges of hernia orifice and the latter is sutured over 
the implant. It is a basic technique in surgical treatment 
of incisional ventral hernias, it corresponding well to the 
“reconstruction” concept. The term “inlay” is used when 
a mesh is placed under the edges of hernia orifice, but 
the orifice is not sutured over the endoprosthesis. This 
technique meets the definition “correction”. Abroad the 
terms “abdominal wall reconstruction” and “bridging 
repair” are considered to have much in common [41]. The 
term “underlay” is used quite rarely in foreign publications 
meets term, which is in exact accordance with the term 
“sublay”. Russian surgeons do not use this term. Despite 
the fact it is long since the above mentioned surgical 
techniques and terms were widely introduced into 
practice, there is still different understanding of them. 
For example, in the study [44] sublay operations are 
presented both as lege artis, as well as in other variants. 
Likewise, in literature there are the descriptions of some 
modifications of basic methods, e.g., inlay-m technique, 
when a mesh is placed on the restored posterior wall 
of rectus sheath followed by abdominal white line 
reconstruction [45]. some researchers divide the plasty 
in palliative and radical [46].

Currently, all mentioned prosthetic repair techniques 
are well known to be justified in common use [47]. 
However, the abdominal wall reconstruction is associated 
with a significantly lower relapse rate than bridging repair 
[48]. Prosthetic repair performed without rectus abdominis 
being replaced in its physiological position often leads to 
recurrence [49]. The transposition of these muscles in 
situ has been shown using a large cohort of patients to 
be able to achieve better results even in giant hernias 
and without using synthetic materials [50]. moreover, it 
contributes to restoring the functional activity of these 
muscles [51]. Clinical results are in agreement with the 
understanding of morphological causes of recurrence 
after prosthetic repair that identified and described by 
Belokonev. The main point is in the characteristics of 
tissue responses on the border of the mesh fiber [34].

The use of onlay has been found to be associated with 
a great deal of wound complications, some authors also 
show the maximum frequency of chronic pain syndrome 
[42, 52]. Nevertheless, a number of authors continue 
applying this method, developing special techniques to 
reduce the frequency of early complications [53–56]. 
The leaders of the Russian Hernia society recommend 
the sublay technique as a treatment of choice, while inlay 
method is to be considered as a reserve technique and 
used as long as anatomical structures of the abdominal 
wall are difficult to differentiate [26, 36, 43]. In some 
situations, these basic techniques of prosthetic repair are 

to be combined, and the combination is to be specified: 
inlay–sublay, onlay–inlay [29, 45, 46].

A mesh can be located in relation to the abdominal wall 
layers intraperitoneally, preperitoneally, retromuscularly, 
and in some cases its location is subaponeurotic 
(premuscular) or supraaponevrotic (it more frequent 
corresponding to onlay) [5, 7, 9, 57–60]. sometimes 
intermuscular (intermuscular technique) position of 
a mesh is used. most frequently it makes sense for 
prosthetic repair of the lateral segment of abdominal wall 
[61]. Other authors term the mesh placed between the 
external and internal oblique muscles as retromuscular 
technique too [62]. Intraperitoneal location of an implant 
corresponds abroad to the term “intraperitoneal onlay 
mesh” — IPOm [59, 63–66]. similar abbreviations — 
“intraperitoneal open hernioplasty” (IPOH) — are found 
rarely [58].

According to the decision of the Xth Conference of the 
Russian Hernia society, an implant made of synthetic 
material and used for abdominal wall defect closure 
was accepted to be named an endoprosthesis, implant 
or mesh, that agrees with the foreign terminology, while 
the terms graft, allograft or explant are to be avoided. 
The last mentioned terms are absolutely incorrect and 
have no relation to the modern hernia surgery [26, 38]. 
Nevertheless, in Russian literature they are commonly 
used so far [62, 67–73].

The “prosthetic repair” concept continues to compete 
with the term “hernia repair”, the later being not quite 
correct, though it has not been completely eliminated 
yet, while abroad the most frequently used terms are 
“prosthetic repair” or “abdominal wall reconstruction” 
rather than “hernioplasty”; the term “hernia repair” is 
uncommon [74, 75]. A number of Russian researchers 
suggest abolishng the terms “hernia repair” and 
“hernioplasty”. The fact is that etimologically the terms 
“hernia repair” and “hernioplasty” are wide open to 
criticism. “Plasty” means the reconstruction of a certain 
natural anatomical structure, but not a hernia, which 
is pathological formation [38]. moreover, the terms 
“hernioplasty” and “hernia repair” are still used even 
by the researchers, who are very scrupulous about the 
proper use of key terms [37, 70]. In some cases, authors 
use such word combinations as “hernioplasty of hernias” 
[76, 77].

The concept “prosthetic plasty” reflects the essence 
of surgical intervention and is related to the definition 
of tension-free technology that overseas corresponds 
to “tension–free repair” or “tension–free technique”. In 
Russian literature there are very different views on the 
meaning of these terms. some scientists understand 
these techniques (onlay, sublay and inlay) exactly as 
they have been proposed by foreign authors, and refer 
them to tension–free techniques making it difficult to 
disagree with [78]. It is particularly remarkable that the 
developers of these techniques indicated that according 
to tension–free technique the mesh should be fixed 
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to the tissues without tension, but nothing was said 
how the abdominal wall wound should also be sutured 
without tension [78]. many researchers consider the use 
of synthetic endoprostheses and tension–free technique 
to almost the same that is quite reasonable (i.e., onlay, 
sublay, inlay and laparoscopic mesh implantation are 
tension–free procedures) [23, 77]. It should be specified 
that tension–free plasty includes the techniques for 
hernia surgery which do not result in intra-abdominal 
pressure (IAP) increase [79, 80]. They can be either 
those with implantation of a mesh (most frequently) or 
heterologous materials, or the procedures using the 
patient’s own issue (autodermoplasty), or combined 
techniques. Preference to tension–free repair using 
synthetic materials in surgical treatment of patients with 
ventral and incisional hernias is the basis of modern 
hernia surgery.

Other scientists understand the tension-free technique 
differently. There is the classification by Egiev et al. [57], 
in which only onlay, inlay and onlay–inlay techniques are 
referred to tension-free procedures. The authors do not 
refer the sublay technique to tension–free in this work. 
Other scientists do not criticize this approach either [27]. 
some researchers consider tension–free plasty apart 
from onlay, sublay and inlay procedures emphasizing 
that this technique is performed without reducing the 
abdominal cavity volume [81]. In some modern national 
publications onlay and sublay techniques are definitely 
named as tension [70, 82]. The authors study the IAP 
dynamics and analyze the findings. Researchers pay 
their attention to IAP elevation in the postoperative period 
after sublay and onlay surgeries, and for this reason 
they make logical conclusions of specific benefits of 
this technique and that of Belokonev [70]. Nevertheless, 
other publications convincingly demonstrate IAP to 
increase always after surgery.  There is evidence that 
severe intraabdominal hypertension (IAH) develops 
after all prosthetic repair techniques used including 
that of Belokonev [83]. However, other authors have 
obtained quite opposite results [84]. The study has 
shown a significant increase in IAP after sublay and 
inlay methods, while Belokonev technique has been 
said not to result in intra-abdominal hypertension [84]. 
However, a searching study of the results presented in 
the publication has revealed that all groups of patients, 
despite the differences found by the authors, had low 
(near normal) IAP levels and were unrelated to any 
pathology. Other authors have reported a small IAP 
increase after prosthetic repair in patients with W1–W2 
hernias; moreover, no tension was used, since the 
researchers applied large-sized in their procedures [73].

It is quite obvious that all the cited works present 
different groups of patients, dissimilar approaches to the 
treatment and various surgical techniques. Normal and 
safe IAP levels have been published and are well known 
[85]. It must be admitted that IAP should not increase 
after technically correct tension–free repair by the end of 

surgery [79, 80]. Postoperatively, there may be a transient 
increase of IAP that depends on a number of factors. In 
patients with 4-cm hernias even the use of autoplasty is 
not associated with the changes in respiratory function 
and central hemodynamics. After closing the defects of 
4–8 cm in size using synthetic materials, no significant 
changes of the mentioned parameters are observed 
either. The surgical treatment of patients with hernia 
orifice over 8 cm in size results in significant deviations 
of major indices [86]. similar findings were published 
by other authors [87]. A detailed examination of this 
problem reveals the following: IAP dynamics depends 
directly on orifice size and hernia volume [86]. In small 
hernias (umbilical, white line, small incisional, trocar) 
even the repair using a patient’ s own tissues has 
no significant effect in IAP increase. The recurrence 
frequency in this category is known to be relatively rarely 
even without mesh use. However, traditional methods 
are usually referred to tension technique [27, 57]. The 
use of autoplasty in small hernias is reasonable though 
not recommended as a method of choice. On the other 
hand, the results of prosthetic repair are significantly 
better even in small hernias [88].

Thus, any surgical procedure (sublay, inlay, onlay) in 
a certain situation may be performed as either tension–
free or tension, it depends on surgeon’s experience, the 
compliance of a procedure, the size of hernia orifice and 
mesh. Perioperative IAP monitoring is described in detail 
and presents no difficulties [89]. There has been even 
suggested a ratio of tissue tension [90]. some authors 
recommend the following: if in closing aponeurotic edges 
IAP does not exceed 20 cm of water column, onlay or 
sublay should be performed, in case IAP is higher, or 
aponeurotic edges are impossible to close — inlay 
technique is used [91]. According to the authors, this 
approach is effective and safe. On the other hand, such 
kind of technique is not to be called tension–free. There 
has been suggested a broad range of preoperative 
examination and assessment for patients to undergo the 
surgery [92].

Interesting data were obtained by Klokov. He 
intentionally performed only tension–free plasty and 
confirmed his survey by perioperative IAP monitoring 
data [79]. IAP was found to increase anyway in the 
postoperative period, the changes persisting for 7 
days, and bandaging is of importance for venous 
hemodynamics even in a postoperative period. The 
author brought out clearly that IAP control is important 
both during surgery and in a postoperative period. In 
another study, the scientist compared the results of 
tension–free technique with those of the operations 
performed without pressure control [80]. Both groups 
in the postoperative period had increased IAP, but only 
after tension–free procedures IAP levels range within 
safe values.

In conclusion, the choice of the operation technique 
depends on a number of factors, and in a particular 
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situation it is a team of surgeons and anesthesiologists 
who decide on a technique. However, it should be clearly 
understood that only tension–free procedures are safe 
for patients. such techniques are favored abroad and in 
many Russian clinics [93, 94].

In large hernias the abdominal wall reconstruction is 
definitely associated with the risk of IAH, as shown in the 
literature [83]. It is well known that a relatively small and 
short IAP elevation in many cases is not dangerous and 
easily tolerated in most patients. For a good example is 
laparoscopy known. However, among patients with large 
ventral hernias there are a significant number of people 
with initially high IAP level due to objective reasons 
(obesity, incarcerated hernia, intestinal obstruction). 
some factors effecting IAP can be corrected during 
the surgery, while others cannot be. In certain cases it 
is difficult to determine the abdominal wall extensibility 
both to predict IAP dynamics and uncomplicated 
postoperative status of a patient. There should be taken 
into account both hernia defect size, and hernia volume 
[95]. The most important is maintaining the required 
volume of the abdominal cavity with adequate closure of 
the abdominal wall defect and prevention of compartment 
syndrome [96].

In some situations a long-term hernia presence 
leads to the reduction of abdominal cavity volume. In 
this case the hernia sac contains a significant part of 
visceral organs. The attempt of transposition of these 
organs in situ during the surgery results in the significant 
and persistent IAP increase. Therefore, it makes the 
abdominal wall reconstruction impossible without risk of 
fatal cardiovascular and respiratory complications.

The use of sublay technique in definite conditions is 
considered to be quite acceptable for small and medium-
sized hernias, though in patients with large hernias it can 
present a tough problem. At the same time, the use of 
correction (inlay) in cases of large hernias has several 
advantages if the size of an endoprosthesis is adequate 
to that of the defect [97, 98]. At a final stage of surgery, 
it is much easier for a surgical team to control IAP by 
choosing a mesh of adequate size that will enable if 
necessary to create an additional abdomen volume in 
cases of the abdominal cavity reduction due to a long-
term hernia. A technically simple inlay technique may be 
even more secure concerning complications associated 
with increased IAP (acute respiratory failure, hypostatic 
pneumonia, venous thromboembolism). It is relevant just 
in the treatment of patients with large hernias, who can 
have hypercoagulability peaks in an early postoperative 
period [99]. On the other hand, pulmonary embolism 
can occur after both sublay and inlay techniques [68]. 
The resolution of IAH due to physiological abdominal 
wall distension and recovery of intestinal motility may 
take a long time that is the most dangerous in relation 
to life-threatening complications. It is noteworthy that 
the regression of impaired clotting is consistent with IAP 
reduction up to initial values [79, 80, 99]. A long–term use 

of high doses of anticoagulants is able to minimize these 
risks, but can result in the formation of large hematomas 
in the surgical site, as well as gastroduodenal bleeding.

On the other hand, after surgery the abdominal wall 
can become functionally adequate only if its normal 
anatomy is restored, primarily, after displacing the 
rectus abdominis muscles in their physiological position. 
Recently, it has been convincingly demonstrated in 
a number of studies [50, 51]. We can assume that for 
the category of patients who are in critical condition 
due to the basic pathology and its complications, 
decompensated concomitant diseases, the main task 
for a surgeon and anesthesiologist are to correct hernia 
strangulation, intestinal obstruction, endotoxemia and 
vital functions disorders, while the abdominal wall defect 
is to be closed extremely fast using a simple technique, 
with complete IAP control of in full accordance with the 
tension–free plasty concept. In other cases the aim is 
to achieve abdominal wall functionally by performing an 
adequate abdominal wall reconstruction. It is of great 
importance in the restoration of physical activity and 
social adaptation of working age citizens.

Despite the advances in the prosthetic repair of 
patients with ventral and incisional hernias using the 
mentioned techniques, the problem of abdominal surgery 
is still far from being easily solved. There is a special 
category of patients with large (giant according to Toskin 
and Zhebrowski classification) hernias and abdominal 
cavity volume reduction (a term in English literature: loss 
of domain) [100]. The use of both basic tension–free 
procedures, as well as improved methods of abdominal 
wall defect closure in these patients are associated with 
IAH III degree development in a postoperative period [76, 
83, 101]. It is no wonder that the mortality rate among 
such patients is still up to 5% [1, 59, 102] resulted from 
cardiovascular and pulmonary complications, multiple 
organ failure [102]. The most dangerous is the pulmonary 
embolism [99, 103]. Uncontrolled IAP increase and its 
consequences are considered to be the most important 
factors for their development [1]. Leading scientists 
with wide experience in the surgery of this category of 
patients emphasize that complying with the tension–free 
plasty principles and IAP control in these cases is of 
particular importance [104].

According to a meta–analysis (2014), the relapse 
rate in patients with giant hernias is 53% [59]. In hernia 
surgery there is a number of methods developed to 
solve the problem, the most interesting of them being 
a components separation technique (CsT) [105, 106]. 
The most famous technique is Ramirez procedure. 
It is a set of surgical techniques aimed at mobilization 
and separation muscular and aponeurotic structures in 
the medial and lateral segments of the abdominal wall. 
The features of such operations are described in detail 
in the foreign and national literature [67, 107–109]. 
The said manipulations help to achieve the necessary 
mobility of abdominal wall layers, their extensibility and 
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ability to move to close a defect and create an additional 
abdominal cavity volume. The larger the size of the 
hernia orifice, the more lateral rectus abdominis muscles 
are located, and the main CsT result will be the muscles 
replacement to their physiological position. CsT can be 
used alone or to complement the prosthetic repair [59, 
110, 111]. This procedure is permitted by the resolution 
of the Xth Conference of Russian Hernia society [26]. 
Now there has been gained extensive experience of 
combined use of the Ramirez surgery and the abdominal 
wall defects closure by an autodermal flap [50, 51]. The 
problem of applying such operation in everyday practice 
is under active discussion.

In 2014, abroad there has been published the 
guidelines on laparoscopic surgery of abdominal wall 
hernias [112]. These operations are actively implementing 
in Russia [113, 114]. Nevertheless, the majority of 
surgeries in our country and many other countries are 
performed according to an open approach, especially in 
emergency surgery [97, 115, 116]. Unfortunately, neither 
national recommendations including the problems 
described nor European guidelines have been presented 
to Russian surgeons so far. In each specific case, a 
team of a surgeon and anesthesiologist is to decide 
on a surgical approach relying on their knowledge, 
abilities, resources and facilities of the clinic. It must be 
admitted that the Russian Federation needs multicenter 
randomized trials, as well as the development of national 
guidelines on the problem.
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