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The size and shape of the fibrous 
(corneoscleral) envelope of the eye are 
the main components of refractive disor-
ders formation. Myopic defocus can be 
associated primarily with an increase in 
the anteroposterior axis (APA) as well 
as an increase in corneal refraction. Ac-
cording to the three-factor theory of my-
opia pathogenesis by E.S. Avetisov, APA 
instability with a tendency to increase 
due to impaired mechanical properties 
of the sclera is an anatomical cause of 
progressive myopia [1]. On this basis, 
the main focus of biomechanical studies 
of the ocular fibrous membrane in myo-
pia is related to the evaluation of various 
sclera parameters. On the basis of a set 
of studies (in vitro mechanical tests, mea-
surement of eyeball stiffness, determina-
tion of the deformation coefficient and 
acoustic density of the sclera, ophthal-
momechanography), it was established 
"that the range of elastic deformations of 
the sclera decreases and the contribution 
of the viscous component ..... increases 
with progressing myopia, resulting in irre-
versible stretching of the sclera and in an 
increase in the OPC" [2]. In high myopia, 

the sclera is characterized by a decrease 
in strength and elastic modulus predom-
inantly in the equatorial and posterior re-
gions, with these changes occurring first 
in the equatorial zone, followed by chang-
es in the posterior part of the sclera. 

The introduction into clinical practice 
of research methods based on dynamic 
corneal pneumoapplanation significantly 
expanded the possibilities of clinical (in 
vivo) assessment of the "biomechanics" 
of eye structures in myopia.  This review 
summarizes the results of pneumoappla-
nation techniques application for biome-
chanical evaluation in initial myopia and 
after its laser correction.

Modern techniques of bidirection-
al pneumoapplanation of the cornea. 
The first device to use the effect of an air 
jet for dynamic corneal deformation was 
the ORA (Осluar Response Analyzer, 
USA). Biomechanical parameters gener-
ated by standard ORA software are cor-
neal hysteresis (CH) and corneal resis-
tance factor (CRF). CH is a conventional 
value reflecting visco-elastic properties of 
the cornea, while CRF characterizes the 
resistance of corneal tissue itself which 
would exist at zero ophthalmotonus [6, 
39, 45-46]. 

Corvis ST technology (Oculus, Ger-
many) belongs to an alternative method 
of biomechanical characteristics mea-
surement using corneal pneumoappla-
nation. This device uses high-speed 
Scheimpflug camera to fix transverse 
section of cornea (4330 frames per sec-
ond) during deformation in real time fol-
lowed by program analysis to obtain dif-
ferent biomechanical indices, the most 
used ones according to literature data are 

as follows [2, 4, 17, 22-23, 35, 40, 42]:
- Applanation-1 Time (A1T), ms - time 

of the first applanation;
- Applanation-2 Time (A2T), ms - time 

of the second applanation;
- Applanation-1 Lenght (A1L), mm - 

diameter of the "flattened" corneal area 
during the first applanation; 

- Applanation-2 Length (A2L), mm - 
diameter of the "flattened" cornea during 
the second applanation;  

- Applanation-1 Velocity (A1V), m/s 
- inner corneal velocity during the first 
applanation (it indirectly reflects corneal 
viscosity);

- Applanation-2 Velocity (A2V), m/s - 
speed of corneal outward movement to 
the initial position at the second applana-
tion (the higher the value, the higher the 
degree of corneal elasticity);

- Highest Concavity Peak Distance 
(HCPD), mm - diameter of maximum 
concavity, i.e. the distance between the 
two highest points of the cornea at its 
greatest concavity (it indirectly reflects 
corneal stiffness);

- Highest Concavity Radius (HCR), 
mm - radius of curvature of the concavity 
of the cornea at the greatest deformation;

- Deformation amplitude (DA), mm - 
amplitude of deformation, the value of 
displacement of the corneal apex at its 
maximum "indentation" relative to the 
original shape (MDA - maximum ampli-
tude of deformation); 

- Central corneal thickness (CCT), μm 
- thickness of the cornea in the central 
zone;

- Deformation Amplitude Ratio (DA 
Ratio) - ratio between the deformation 
amplitude at the corneal apex and the 
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deformation amplitude in the paraoptical 
zone with a radius of 2 mm.

According to theoretical studies, the 
following changes in the indicated indi-
ces may indicate a decrease in corneal 
stiffness [27, 51]:

● decrease in the time (A1T) and 
length of the first applanation (A1L); 

● increase in the first applanation ve-
locity (A1V) and deformation amplitude 
(DA) during the first applanation; 

● increase in amplitude of deformation 
(DA) and maximum amplitude of defor-
mation (MDA);

● short peak distance (HCPD) and in-
creased concavity radius (HCR); 

● increased second applanation time 
(A2T), decreased second applanation 
diameter (A2L) and second applanation 
velocity (A2V); 

● decrease in the amplitude of defor-
mation (DA) during the second applana-
tion. 

It has been noted that the radius of 
greatest concavity (HCR), the rate of sec-
ond aplanta (A2V) and its diameter (A2L) 
have large differences in terms of coeffi-
cient of variation, while the maximum am-
plitude of deformation (MDA) is a stable 
index [5, 49].

It should be noted that in addition to 
biomechanical parameters, both of the 
above devices allow determining a num-
ber of indices reflecting the level of intra-
ocular pressure.

Results of dynamic corneal pneu-
moapplanation in baseline myopia. In 
a series of studies using ORA, a clear cor-
relation between a significant decrease 
in CH and CRF and an increase in ROP 
(i.e., degree of myopia) was shown [6-7, 
10-11, 28, 36]. At the same time, the dif-
ference in CH correlated with the interoc-
ular difference in the POC value between 
the two eyes of each patient [13]. On this 
basis, it was suggested that eyes with a 
lower CH value and more easily deform-
able fibrous membrane are at greater risk 
of ROP elongation. Most authors explain 
the decrease in CH value by the fact that 
the development of myopia is associat-
ed with a decrease in sclera and extra-
cellular matrix thickness, an increase in 
the enzyme matrix metalloproteinase 
that destroys collagen. In addition, a de-
crease in collagen fibril diameter and pro-
teoglycansynthesis content was found 
in the development of myopia, which 
leads to an additional decrease in sclera 
thickness and scleral tissue stretching. 
Similar changes can occur in the cornea 
during the development of myopia, with 
the corneal "biomechanics" reflecting its 
viscoelastic properties and mechanical 
strength of stromal collagen fibrils inter-

acting with the extracellular proteoglycan 
matrix [36, 52].

At the same time, other studies did 
not reveal the above correlation, which 
may be related to the characteristics of 
the clinical material (age range, degree of 
myopia, ethnicity). Thus, with an average 
myopia of 2.35±2.49 D, no dependence 
of CH on refractive index was detected. 
The mean CH and CRF were 11.78 ± 
1.55 (range, 6.93-16.53) and 11.81 ± 1.71 
(range, 7.83-16.83) mmHg, respectively. 
These values did not differ significantly 
by age, gender, or race (the study includ-
ed individuals from India, Singapore, and 
China) [24]. In another study with myopia 
ranging from (-) 9.00 to (-) 19.00 dpts, no 
correlation was found between biome-
chanical indices of bidirectional corneal 
pneumoapplanation and the degree of 
myopia. The mean values differed be-
tween women and men: CRF, 10.326 and 
9.810 mmHg (P=0.0266); CH, 10.421 and 
9.727 mmHg (P=0.0031), respectively. In 
addition, there was a negative correlation 
between biomechanical indices and age 
and a positive correlation with corneal 
thickness in the central zone [39].

In a comparative study using the Cor-
vis ST device, 94 patients with myopia 
between (-) 0.5 and (-) 17.5 dptr aged 29 
to 74 years and 25 "emmetropes" aged 
19 to 75 years were examined [6]. In high 
degree myopia, there was an increase in 
outward applanation velocity (A2V) and 
peak distance (PD) (-0.398 ± 0.014 m/s 
and 2.48 ± 0.04 mm) compared to those 
in moderate degree myopia (-0.352 ± 
0.009 m/s and 2.37 ± 0.03 mm) and em-
metropia (-0.347 ± 0.012 m/s and 2.36 ± 
0.06 mm). In addition, a positive correla-
tion was found between the amplitude 
of deformation (DA) and the magnitude 
of APA and a negative corneal greatest 
concavity (HCR) index with the mean 
keratometry and APA data. 

When comparing the results obtained 
using Corvis ST and ORA in 172 patients 
with different degrees of myopia, the de-
pendence of the decrease in the index 
of the greatest corneal concavity (HCR) 
on the degree of myopia was revealed. 
Corneal hysteresis (CH) also tended to 
decrease with increasing degree of my-
opia [21]. 

In a study of 266 Indians with myopia 
between 19 and 36 years of age, 23 of 
32 Corvis ST values were independent 
of the degree of myopia and only 9 were 
significantly different in high degree my-
opia [43]. In another study, the time re-
quired for the second applanation (A2T) 
and the amplitude of deformation (DA) 
were significantly lower for the second 
applanation, while the amplitude of de-

formation (DA) for the first applanation 
and the radius of deformation (DA Ratio) 
were higher for high degree myopia [38]. 
It should be noted that the deformation 
amplitude index (DA) is an indicator of 
corneal biomechanical properties and a 
decrease in corneal thickness is accom-
panied by an increase in its deformation 
potential. 

In high myopia, we observed a de-
crease in the radius of greatest concav-
ity (HCR), an increase in the maximum 
amplitude of deformation (MDA), a higher 
rate of second aplasia (A2V) and a de-
crease in its diameter (A2L), which, ac-
cording to the study authors, indicates 
that the cornea is more deformable when 
the anteroposterior axis is increased [19]. 
Similar results were obtained in other 
comparative studies [6, 50].

 Results of dynamic corneal pneu-
moapplanation after laser correction 
of myopia. Modern laser technologies 
of keratorefractive surgery used for myo-
pia involve a change in corneal curvature 
(flattening) as a result of a varying degree 
of corneal thickness reduction due to the 
so-called ablation. In the currently most 
used methods of laser correction this is 
technologically realized on the basis of 
surface laser influence on the cornea 
without flap formation (PRK), preliminary 
flap formation (LASIK) and intrastromal 
removal of so called lenticule through a 
small incision (SMILE) [9, 44, 47-48, 50]. 
The necessity of clinical researches in-
cluding methods of corneal pneumoap-
planation is dictated by potential changes 
of initial "biomechanics" of a cornea due 
to its thickness reduction.  Considering 
the known variability of pneumoapplana-
tion technique indices, this review pres-
ents only studies in which postoperative 
changes in corneal "biomechanics" were 
compared with the initial data. 

After LASIK, a decrease in preopera-
tive CH and CRF values (from 11.52 +/- 
1.28 to 9.48 +/- 1.24 and from 11.68 +/- 
1.40 to 8.47 +/- 1.53 mmHg, respectively) 
and correlation of the degree of decrease 
with refractive effect was noted [18].  In 
other studies, after LASIK, CH and CRF 
decreased from 10.44 to 9.3 mmHg and 
from 10.07 to 8.13 mmHg. [26] and from 
9.5 +/- 1.9 to 6.7+/-1.7 and from 9.7 +/- 
1.8 to 8.0 +/- 1.6 mmHg, respectively 
[15]. In one study, the Delta score was 
used to characterize the reduction of 
CH and CRF after LASIK. The correla-
tion with ablation depth was stronger for 
DeltaCRF (r=0.457) than for DeltaCH 
(r=0.271) [14]. When analyzing results af-
ter LASIK and its modification (LASEK), 
with a mean baseline CH of 10.8 +/- 1.5 
mmHg, the mean postoperative ones de-
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creased statistically significantly to 9.0 ± 
1.3 and 8.6 ± 2.1 mmHg, respectively. 

In a series of studies, a comparative 
assessment of changes in biomechan-
ical parameters after different laser cor-
rection techniques was performed. The 
retrospective study presented changes in 
ORA and Corvis ST values after LASIK 
and SMILE (mean baseline myopia 
5.16±1.42 and 5.43±1.17 Dpts, respec-
tively). ORA data one month after the 
interventions showed a greater decrease 
in CH and CRF after LASIK (8.46±1.76 
and 7.45±2.39; 9.99±1.76 and 9.43±1.55 
mmHg after LASIK and SMILE, respec-
tively) [16].  At the same time, a more 
pronounced decrease in the first aplasia 
time (A1T), greatest concavity (HC Time) 
and second aplasia time (A2T) was not-
ed after SMILE, which, according to the 
authors, may reflect the preservation of 
greater corneal stiffness after the "flap-
less" procedure. At the same time, the 
increase in flattened corneal diameter at 
the second applanation (A2L), concave 
corneal radius of curvature (HCR) and 
maximum concavity diameter (HCPD) 
after LASIK, suggesting stronger corneal 
deformation to the inside during the air 
pulse.

More pronounced changes in CH and 
CRF after LASIK were also noted in other 
studies in high myopia correction, which 
presumably, in addition to an increase 
in ablation volume, could be due to the 
necessity of corneal flap formation during 
this intervention [29, 41].  The authors of 
other studies are of the same opinion [18, 
25, 30, 34]. The results of comparative 
assessment of changes in biomechani-
cal indices of ORA after LASIK and PRK 
(which does not imply formation of a su-
perficial corneal flap) are indirectly in fa-
vor of this assumption [31].  The decrease 
of CH and CRF was more pronounced 
after LASIK (by 0.6 and 0.7 mmHg on 
average, respectively, compared to those 
after PRK). Moreover, irrespective of the 
correction technique, there was a high 
correlation between the initial myopia 
value and postoperative changes in bio-
mechanical indices. 

The effect of flap formation on corne-
al "biomechanics" after LASIK may be 
related to corneal delamination exactly 
in the surface layers of stroma. It has 
been revealed experimentally that an-
terior part of corneal stroma (from 100 
to 120 microns) is the most rigid due 
to tightly interwoven anterior collagen 
plates. This physiological corneal prop-
erty was confirmed in a study in which 
lower CH and CRF values after LASIK 
were found only in a subgroup of patients 
with high myopia, i.e. with increased ab-

lation affecting these stromal layers [32].
The potential effect of stratification on 

corneal "biomechanics" is indirectly con-
firmed by the data of analysis of PRK and 
SMILE results, in which this technical el-
ement is absent. The average decrease 
of CH (by 1.9 and 2.5 mmHg) and CRF 
(by 3.4 and 3.2 mmHg), respectively, was 
found to be close in values [33]. 

From the position of excluding the 
possible influence of initial corneal bio-
mechanical properties on postoperative 
results of pneumoapplanation it is worth 
mentioning an original study from the 
methodological point of view in which the 
so-called "paired-eyed" design was used: 
in a group of 30 patients with medium 
degree myopia LASIK was performed 
in one eye and SMILE in the other eye 
[29]. The results obtained are in a certain 
contradiction with the above studies: 6 
months after LASIK and SMILE the CH 
and CRF values were 9.02±1.27 and 
8.07±1.26; 8.95±1.47 and 7.77±1.37 mm 
Hg respectively, i.e. there was no ten-
dency for a more pronounced decrease 
of biomechanical indices after LASIK. It 
may have been due to limitations in the 
degree of initial myopia.

In conclusion of this section, the main 
conclusion of two foreign literature re-
views concerning the results of pneu-
moapplanation after various techniques 
of laser myopia correction is that SMILE 
"flapless" ("non-flap") technology, involv-
ing preservation of corneal surface lay-
ers, has less effect on changes in biome-
chanical indices [37,53].

Conclusion. The research results 
presented in the review indicate that in 
myopia the clinical application of corneal 
pneumoapplanation techniques to deter-
mine biomechanical indices may address 
two main objectives:

1. evaluation of biomechanical chang-
es of the fibrous membrane with increas-
ing anteroposterior axis value and, as a 
consequence, myopia;

2. to analyze the dependence of cor-
neal "biomechanics" changes due to cor-
neal thickness reduction on technological 
peculiarities of laser refractive interven-
tions. 

In general, the results obtained while 
solving the above-mentioned tasks are of 
expected character. Both a significant in-
crease in PPO axis in high myopia and a 
decrease in corneal thickness as a result 
of laser surgery are accompanied by a 
certain decrease in various biomechan-
ical indices determined by bi-directional 
corneal pneumoapplanation.  According 
to the majority of sources, flap formation 
and increased ablation volume make a 
"decisive contribution" to the change of 

biomechanical indices during laser cor-
rection. 

In spite of the zone of application of 
mechanical influence of pnevoapplana-
tion methods (cornea!), it is necessary to 
consider that anatomic integrity of sclera 
and cornea as components of fibrous 
membrane to some extent complicates 
selective evaluation of their biomechan-
ical properties, because the applanation 
"response" under influence on cornea 
most likely depends on fibrous membrane 
condition in general.  Nevertheless, con-
sidering the "causality" of biomechanical 
changes, we can conventionally consider 
that at initial myopia they can be connect-
ed with sclera structure disturbances, 
and after laser refractive surgery - with 
cornea.  

In perspective, from a practical point 
of view, the solution of the first problem 
can contribute to improving the monitor-
ing algorithm for progressive myopia and 
the second one - to assess reliably the 
intraocular pressure level after laser my-
opia correction using aplanar tonometry 
techniques.

It should be emphasized once again 
that at initial myopia and analysis of 
pneumoapplanometry data one should 
consider the potential influence of not 
only corneal condition but also the known 
biomechanical changes in the sclera as 
a component of the fibrous membrane 
increased in size to various degrees on 
the findings. Biomechanical "response" 
to targeted pneumoapplanation of only 
cornea does not exclude "participation" 
in its formation of the sclera as well. 
Proceeding from it, researches in this di-
rection can be focused on experimental 
biomechanical tests which algorithm will 
demand the decision of questions con-
nected with reception of isolated samples 
of a cornea and a choice of testing tech-
nique.
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Introduction. Cholecystectomy (CE) 
is the most common operation, and the 
number of cholecystectomies performed 
annually exceeds 500 thousand [5, 8].

One of the leading places in the struc-
ture of early postoperative complications 
after cholecystectomy is the outflow of 
bile, which should be considered as an 
independent problem. Bile outflow after 
cholecystectomy is observed in about 
0.5% of cases [3, 6, 7, 14].

This indicator increases to 1-1.2% 
when using laparoscopic techniques to 
remove the gallbladder, as well as in cas-
es of conversion, when difficulties and 
complications arise during surgery [1, 2, 
11, 12].

After open cholecystectomy, bile leak-
age is observed in 5-15% of cases, after 
mini-access cholecystectomy, in 3.6%, 
after laparoscopic cholecystectomy, in 
2-5% of cases [3, 4, 9, 10, 13].

About 750,000 cholecystectomies are 
performed each year in the United States, 
most of which are performed laparoscop-
ically. Complications after cholecystecto-
my are not uncommon and lead to an in-
crease in morbidity and financial burden. 
Some of the most common complications 
of laparoscopic cholecystectomy include 
damage to the biliary tract (0.08%-0.5%), 
bile leakage (0.42%-1.1%), stones in 
the common bile ducts (0.8%-5.7%), 
postcholecystectomy syndrome (10%-

15%) and diarrhea after cholecystectomy 
(5%-12%).). [10, 14] Endoscopy plays 
an important role in the diagnosis and 
treatment of biliary complications and in 
many cases can provide the final treat-
ment. There is no consensus on the best 
therapeutic approach to biliary complica-
tions. [10]

Ultrasound (ultrasound) - diapeutics 
and laparoscopy, used in surgical pa-
thologies of the abdominal cavity, open 
up wide opportunities for optimizing early 
diagnosis and treatment tactics of post-
operative bile leakage.

The aim of the study was to evaluate 
the effectiveness of laparoscopy in the 
diagnosis and treatment of bile leaks that 
occur after cholecystectomy and opera-
tions on extrahepatic bile ducts.

Materials and methods of research. 
The research work was carried out during 
2010-2021 at the clinical bases of two 
departments of general Surgery of the 
Azerbaijan State Institute of Advanced 
Medical Training named after A.Aliyev. 
Based on the results of diagnosis and 
treatment of patients who developed bile 
leaks in the postoperative period, opera-
tions were performed on the gallbladder 
and bile ducts.

The main group included patients 
(n=567) who, in surgical tactics and for 
the treatment of complications, were giv-
en preference to the active use of endo-
videosurgery in the development of com-
plications after surgical interventions in 
the bile ducts.

The control group included patients 
(n=148) who used “traditional” methods 
of surgical correction of complications 
that arose after similar surgical interven-
tions.

The criterion for inclusion in the study 
is the occurrence of intra–abdominal 
complications in the early period after 
surgical interventions on the bile ducts.

The criterion for exclusion from the 
study is the critical severity of the pa-
tients' condition.

Complications in the early postoper-
ative period were clinically diagnosed in 
160 out of 567 patients (28.2%) in the de-
veloped main group and in 41 out of 148 
patients (27.7%) in the control group. In 
the main group, bile leaks was detected 
in 88 patients after laparoscopic chole-
cystectomy, in 16 patients after mini-lap-
arotomic cholecystectomy and in 56 pa-
tients after traditional cholecystectomy.

In 15 clinical cases (9.4%), when per-
forming minimally invasive interventions 
with damage to the extrahepatic bile 
ducts is clearly impractical, relaparoto-
my was performed according to the indi-
cations. Laparoscopy was performed in 
145 (90.6%) patients of the main group 
according to indications that were con-
firmed on the basis of bile drainage, peri-
toneal signs and ultrasound signs of fluid 
in the abdominal cavity.

The control group included 41 patients 
with postoperative bile leaks, but without 
the use of minimally invasive technolo-
gies.

To assess postoperative bile leaks, 
we used a modified classification by Mor-
gensten L. (2006) [15], in which not only 
the daily output of bile flowing from the 
abdominal drainage tube, but also the 
volume of a limited liquid derivative in 
the projection of the gallbladder bed, as 
well as ultrasound data mainly took into 
account the presence of free fluid in the 
abdominal cavity and its localization.

I.A.Yusubov
THE ROLE OF RELAPAROSCOPY
IN THE DIAGNOSIS AND TREATMENT
OF POSTOPERATIVE BILE LEAKS

The effectiveness of relaparoscopy in the diagnosis and treatment of patients who developed bile leakage after surgery on the gallbladder 
and bile ducts was studied. It was revealed that the use of minimally invasive endoscopic technologies in the early diagnosis of postoperative bile 
leakage of the gallbladder and biliary tract makes it possible to determine the nature of this complication, the optimal method of elimination, justify 
the transition to conversion, and avoid inappropriate relapses.
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