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Abstract Expanding the spectrum of patients examination with cholelithiasis using modern technologies can improve the
quality of diagnosis of subclinical risk factors for surgical treatment associated with the features of the course both the
underlying disease and the formation of its complications, as well as a number of other factors that affect the outcome of the
surgery. Clinical studies and a detailed analysis made it possible to determine the frequency and degree of significance of
various clinical risk factors for the probability of iatrogenic injury in patients with cholelithiasis. Such factors include
destructive forms of cholecystitis (35.4% in the structure of all iatrogenia; prognostic significance at confidence limits P =
95% - 1.24 + 0.43%); infiltrate in the gallbladder neck (28.9%; 4.29 + 1.87%); Mirizzy syndrome (11.4%; 7.87 + 5.95%) and

“shriveled” gall bladder (5.7%; 3.09 + 2.18%).
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1. Introduction

In modern surgical hepatology, the paces of endovisual
technologies development do not tend to decrease, the
number of revolutionary developments is progressively
increasing, the range of use of minimally invasive
interventions is expanding. More recently, the leading in this
area laparoscopic cholecystectomy (LCE) has become a
routine operation [1-5]. The rapid rehabilitation of patients
after minimal surgical trauma and the precision preparation
of tissues under optical magnification in the gallbladder
region ensured the absolute competition of this type of
surgery versus traditional cholecystectomy [6-9]. However,
the analysis shows that the objective improvement of
indicators is exclusively associated with the rehabilitation
aspects, a reduction in the frequency of wound and general
complications of the hospitalization period [10-11]. And
behind the clear advantage of early rehabilitation is the
obvious increase of specific complications connected with
the technical features of LCE. The bile ducts (BD) injury is
their most complex manifestation [12-14].

The problem of the specifics of the technical
implementation of LCE under the conditions of various risk
factors for iatrogenia against the background of the
complicated course of the main pathology remains acute.
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Aim of the study was to analyze the prognostic
significance of risk factors of iatrogenic injuries of the bile
ducts in the aspect of their prevention at laparoscopic
cholecystectomy.

2. Materials and Methods

11807 LCEs were performed at the center in 2005-2018.
Injuries of the main bile ducts (BD) in the form of complete
or partial intersection of hepatico- choledoch (HC) was
diagnosed in 18 (0.15%), in the form of strictures of various
levels - in 28 (0.24%) patients. Thus, the total number of
“fresh injuries” was 46 (0.39%). This is closer to the lower
limit of the this indicator statistics range in 0.32 - 0.95%,
cited by leading foreign experts [5]. It should be added that in
addition to this, there were aberrant BD injuries in 18 of the
entire group of operated patients and it raised the total
number of duct injuries to 64 (0.54%) (Table 1).

Table 1. The frequency of various iatrogenic lesions in the structure of all
LCEs

Type of bile duct injury absolute %
Hepaticoholedoch intersection 18 0.15%
Hepaticoholedoch strictures 28 0.24%
Total 46 0.39%
Aberrant duct injuries 18 0.15%
Total 64 0.54%

In more detail the structure of all iatrogenic injuries of the
bile ducts is given in Table 2.
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Table 2. The structure of bile ducts injuries

Type of bile duct injury absolute %

_ \Verified 14 21.9%

intraoperatively

Hepaticoholedoch A
intersection Verified .m early 4 6.3%
post-operative period

Total 18 28.1%
Hepaticoholedoch strictures 28 43.8%

Bile leak source

0,

established 10 15.6%
Abeirr:‘:iSrt duct Bile leak source not 8 12 5%
Jury established 7
Total 18 28.1%
Total 64 100%

The determination of the total risk of BD injury for all
types of iatrogenia depending on various clinical factors
showed that the greatest probability of this complication of
LCE is in various types of Mirizzy syndrome - 7.87% (in 7
out of 89 patients with this diagnosis; confidence limits at
P =95% - 5.95%). However, this indicator may be subjective
in nature, since there is a possibility of covering part of the
injury with this complication for other reasons (Tab. 3).

Infiltrate in the hepatoduodenal ligament (HDL) and in the
gallbladder neck can lead to BD injuries in 4.29% (+ 1.87%)
of cases. “Shriveled” gallbladder as a risk factor for
iatrogenia was identified in 3.09% (+ 2.18%) cases. With the
development of destructive cholecystitis, the probability of
BD injury was 1.24% (+ 0.43%); choledocholithiasis, which
was solved endoscopically before surgery - 1.12% (+ 0.85%);
laparotomy in anamnesis is 1.10% (x 0.47%); evident
adhesion in the gallbladder - 0.64% (x 0.41%). Such factors
as a transient obstructive jaundice (OJ) in anamnesis (0.80
1+%) and cholestasis without OJ (0.61%) can also cause
changes in the normal anatomical ratios of the cystic duct
and hepatico- choledoch (HC) against a background of
long-term undiagnosed biliary hypertension, which can often
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be accompanied by cholangitis. Taking into account the
prognostic significance, the factors are divided into three
groups: complicating factors (up to 1.00%); clinical
predisposing factors with minimal risk (1.01-2.00%);
clinical predisposing factors with the highest risk (> 2.00%).
The average value in the group of complicating risk factors is
0.69 £ 0.06%; in the group of clinical signs with minimal risk
- 1.15 + 0.04% (towards the group of complicating factors: t
=6.38; P <0.001); in the group with the maximum risk - 5.08
+ 1.43% (towards the group with the minimum risk: t = 2.74;
P <0.01) (Fig.1).

We present an analysis of the of BD injuries frequency
depending on the qualifications of the surgeons. We divided
them into three categories: specialists in the field of
hepatopancreatobiliary surgery performing any operations
(4589 LCEs); the surgeons with experience of more than 5
years, performing most types of operations with the
exception of complex reconstructive interventions (4987
LCEs); young surgeons with experience of less than 5
years (2231 LCEs). The number of BD intersections in
the specialists was 3 (0.07%), all were diagnosed
intraoperatively; strictures - 6 (0.13%); injuries of the
additional bile ducts - 4 (0.09%). In the surgeons with more
than 5 years of experience, the number of BD intersections
diagnosed intraoperatively was 6 (0.12%); identified after
completion of the surgery - 2 (0.04%); strictures - 12 (0.24%);
injuries of the additional bile ducts - 9 (0.18%). In the
surgeons with less than 5 years of experience, the number of
BD intersections was 5 (0.22%) and 2 (0.09%), respectively;
strictures - 10 (0.45%); injuries of the additional bile ducts -
5 (0.22%). In total, 13 injuries were noted among specialists
in the field of biliary surgery (0.28%; confidence limits at
P = 95% - 0.16%), among young surgeons - 22 (0.99%;
confidence limits at P = 95% - 0.42%; t = 3.16; P <0.001 in
relation to specialists), and in the surgeons with experience
over 5 years - 29 (0.58%; confidence limits at P = 95% -
0.22%; t = 2.25; P <0.05 with respect to specialists) (Fig. 2).

Table 3. Prognostic value of various risk factors of iatrogenic bile duct injuries

Intersections b d
. Aberrant duct
Post Strictures S Total Observations
Risk factor Intra operative . Injuries .
operative quantity
abs. % abs. % abs. % abs. % abs. %

Mirizzy syndrome 4 4.49% 1 1.12% 2 2.25% 0 0.00% 7 7.87% 89
Hepatoduodenal ligament infiltrate 1.64% 3 0.61% 6 1.23% 4 0.82% | 21 | 4.29% 489
Shriveled gall bladder 3 1.16% 1 0.39% 3 1.16% 1 0.39% 8 3.09% 259
Destructive cholecystitis (phlegmonous, | 7| 5600 | o | 0079 | 13 | 047% | 12 | 0.44% | 34 | 1.24% 2745
gangrenous)
Choledocholithiasis (solved before 4 0.64% 1 0.16% 1 0.16% 1 0.16% 7 1.12% 624
surgery)
Laparatomy in anamnesis 0 0.00% 0 0.00% 1 1.10% 0 0.00% 1 1.10% 91
Transient obstructive jaundice in 1 | 040% | 0 | 000% | 1 | 040% | 0 | 000% | 2 | 0.80% 249
anamnesis
Evident adhesion in the gallbladder 5 0.32% 0.06% 0.26% 0 0.00% 10 | 0.64% 1556
Cholestasis without obstructive jaundice 1 0.61% 0 0.00% 0.00% 0 0.00% 1 0.61% 164
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Figure 2. The dependence of the risk of the bile ducts injuries on the surgeon’s skills

The analysis revealed the main risk factors for BD injuries,
taking into account the variant anatomy of the biliary system
and the severity of the clinical manifestations of
cholelithiasis complications. To reduce their frequency, it is
necessary to develop a diagnostic algorithm and tactics for
performing LCE based on verification of signs that cause
technical difficulties during surgery (Fig. 3).

Patients diagnosed with cholelithiasis should be examined
according to the main laboratory and instrumental methods
with an emphasis in biochemical analysis on the indicators of
bilirubin fractions. An additional examination should be
carried out with their increase to identify obstructive
jaundice. When verifying cholestasis without clinical
manifestations, alkaline phosphatase and gamma-glutamyl
transpeptidase indices should be taken into account. An
increase of these enzymes is probable against the
background of latent choledocholithiasis, stenosing papillitis
of the large duodenal papilla (LDP) or other pathology. In

these cases, magnetic resonance imaging (MRI) is
recommended. If there is a transient obstructive jaundice in
anamnesis, an additional MRI-cholangiography should be
performed. During verification according to ultrasound
investigation data or clinically other predisposing factors,
MRI will provide data on the severity of complications and
possible deviations in the anatomy of the biliary system. All
cases with Mirizzy's syndrome, “shriveled” gallbladder,
choledocholithiasis and cholestasis of other etiology should
be clarified by endoscopic retrograde cholangiography
(ERCG), and if necessary, medical papillotomy (in particular,
for lithoextraction or elimination of LDP stenosis). LCE is
performed after preparation taking into account data on
complications and anatomical features of the biliary system.
Any doubts regarding the identification of the main
structures of the biliary system should be considered an
indication for conversion to open surgery and adequate
revision in the intervention area.
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Figure 3.

10 cholangiography

Algorithm for identifying anatomical and clinical risk factors for iatrogenic injuries of the bile ducts and tactical aspects of LCE
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3. Discussion

latrogenic injuries of the bile ducts are the most serious
complication of LCE. Leading importance among the
leading causes of injury is given to the various anatomical
features of the biliary system structure, in which variant
anatomy itself can cause iatrogenia due to the close
anatomical relationship between the main structures of the
extrahepatic biliary tract. On the other hand, various clinical
risk factors associated with a complicated course of
cholelithiasis have a significant influence on the change in
typical topographic parameters. The development of these
predisposing factors causes not only audit difficulties, but
also technical difficulties in isolating and identifying
elements of the extrahepatic biliary system, which in turn can
cause both fresh injury and the formation of cicatricial
strictures of the bile ducts in the long-term postoperative
period due to thermal or traumatic exposure. It is also
appropriate to note another risk factor - the experience of the
operating surgeon. Today, endovisual technologies are
widely implemented in various parts of the surgical service,
and, often, the development of these techniques occurs in the
absence of experience of traditional interventions, or
surgeons with little experience in laparoscopy perform
operations. Of course, in the vast majority of cases, LCE
passes without any complications, however, even a minimal
percentage of unsatisfactory results against the background
of a significant number of such operations in the country
contributes to the formation of a large group of patients with
various serious complications, which require repeated
interventions involving specialists in the field of
hepatobiliary surgery. These factors allow us to identify the
main directions for reducing the possibility of iatrogenic
injury of the bile ducts during LCE.

4. Conclusions

Expanding the spectrum of patients’ examination with
cholelithiasis using modern technologies allows not only to
improve the quality of subclinical risk factors diagnosis for
surgical treatment associated with both the characteristics of
the underlying disease and its complications, but also to
determine the risks of intervention associated with the high
frequency and variety of variant features of the anatomical
structure of the hepatobiliary system. Technological progress
in this direction can affect the reduction of BD injuries,
including with LCE. The conducted analysis made it
possible to determine the frequency of various deviations
from the typical anatomy of BD, as well as their effect on the
probability of iatrogenic injury in combination with various
clinical risk factors in patients with cholelithiasis. Factors
complicating the course of cholelithiasis include destructive
forms of cholecystitis (35.4% in the structure of all
iatrogenic; prognostic significance at confidence limits
P = 95% - 1.24 + 0.43%); infiltrate in the neck of the
hepatoduodenal ligament (28.9%; 4.29 + 1.87%); Mirizzy

syndrome (11.4%; 7.87 £ 5.95%) and “shriveled” gall
bladder (5.7%; 3.09 £ 2.18%).
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