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To study the individual structural features of the surface of the lumbar region of the back of patients who underwent catheterization of
the epidural space at the lumbar level, and, depending on these features, to determine a group of patients with the possibility of convenient and reliable
fixation of the epidural catheter (EC) to the skin with fixing devices and a group of patients who require such fixation will be inconvenient and unreliable
and for whom it is better to use subcutaneous tunneling for reliable fixation of the EC, and based on this, determine the absolute and relative indications
for this method of fixation.

A study of the surface of the lumbar region of the back was carried out in 600 patients who were on the operating table in a
sitting position, while performing neuraxial blockades in the intervertebral spaces L2-L3 and L3-L4. As a result, 4 forms of the back surface were
identified: “V” shape, “M” shape, “/1” shape and “—” flat shape of the back surface.

The overwhelming majority of the studied patients had absolutely convenient (34.2%) and relatively convenient (53.5%) places for EC fixation
in the area of epidural access. Significantly fewer patients (2%) had a completely uncomfortable site for EC fixation to the skin using fixation devices,
which can be considered an absolute indication for EC fixation by subcutaneous tunneling.

1. The absolute indication for fixing an epidural catheter using the subcutaneous tunneling method is the presence of an absolutely
uncomfortable fixation site in the area of epidural access in the patient in the form of a combination of a recess greater than 7 mm and a distance from
the points of maximum elevation in the specified zone to the right and left of the midline less than the size of the dense adhesive plate of the fixing
device (for the Epi-Fix device this is 55 mm).

2. A relative indication for fixing an epidural catheter using the subcutaneous tunneling method is the presence of a relatively inconvenient fixation site
in the epidural access area for the patient, regardless of the size of the depression or elevation of the surface shape at the epidural access site and the
distance from the points of maximum elevation to the right and left of the larger midline than the size of the dense adhesive plate of the fixing device.
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BMI - body mass index
CPPS - chronic postoperative pain syndrome

INTRODUCTION

Epidural analgesia (EA) has become widespread
and continues to occupy a worthy place in modern
anesthesiology practice. And EA is still considered
the "gold standard" of postoperative pain relief.
Almost all research papers compare the effectiveness
of new pain relief methods with the effectiveness of
EA. In terms of the level of analgesic effect and
comfort for patients, EA is preferable to other
methods of pain relief. For prolonged postoperative
pain relief, as well as for the treatment of chronic
postoperative pain syndrome (CPPS), a long-term
presence of a catheter in the epidural space is
required. We increasingly hear that EA is no longer
the "gold standard" of postoperative pain relief due
to the fact that "it requires the participation of an
anesthesiologist, is associated with a significant
percentage of failures, and the use of installed
catheters is quite labor-intensive" [1]. This
conclusion belongs to N. Rawal (2016).

Many works are devoted to the description of the
positive effects of epidural anesthesia and EA, such
as a decrease in the frequency of phantom pain
syndrome in comparison with patients operated on
under general anesthesia, before other types of
postoperative analgesia [2], a preventive effect on
chronic phantom pain syndrome during
hysterectomy [3], cesarean section [4], thoracotomy
[5], a decrease in the severity of the stress response
and immune disorders [6], limitation of systemic
inflammatory reaction processes during highly
traumatic operations [7], and the special

EA - epidural analgesia
EC - epidural catheter

effectiveness of the blockade during operations on
the lower extremities due to their only segmental
innervation [8]. The list of these works is endless.
And N. Rawal himself admits that “epidural analgesia
and peripheral blocks are very effective in terms of
postoperative pain relief” [1]. Yes, epidural
catheterization and peripheral blockades require
well-trained anesthesiologists, and it is also
necessary to operate the installed catheters in such a
way as to prevent dislocation and infectious
complications. This is a fairly labor-intensive
process. The failure rate of epidural anesthesia and
EA, according to N. Rawal, is 47%, and with
peripheral blockades, even with the wuse of
ultrasound navigation, it reaches 77%. The frequency
of EC migration is high when fixing with adhesive
tapes, which, according to .M. Bishton et al., reaches
36% [9], and according to M. Clark et al. — up to 75%
[10]. One of the reasons for the failure of epidural
block and the ineffectiveness of EA is the
displacement of a correctly installed catheter. If the
EC is fixed to the skin with special fixing devices,
then displacement is noted in 2.5% of cases [11]. M.
Tripathi and M. Pandey in their study described the
displacement of the EC during tunneling in 10% of
cases [12]. The positive properties of tunneling the
EC are that the internal part of the catheter is
extended by the length of the subcutaneous tunnel
and, thus, the entry gate for infection is located
further from the epidural space, the location of the
EC in the subcutaneous tunnel itself is a fixing
component, the attachment of the catheter to the
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skin is carried out lateral to the medial line, and this
place is always a flat surface [13].

As can be seen, special fixing devices provide
reliable fastening of the EC with a low percentage of
displacement even in relation to tunneled catheters.
Fixation with such devices allows not to replace it for
5 days. Many devices have a transparent film through
which it is possible to visually control the condition
of the catheter and skin. Unfortunately, one fixing
device cannot always be used during the entire
period of epidural anesthesia. There were frequent
situations when multiple attempts were made to
puncture the epidural space from several punctures
in one intervertebral space, as a result of which a
significant amount of wound hemorrhagic discharge
accumulated under the device after 24 hours, which
subsequently impaired the adhesive properties of the
sticker and, accordingly, the ability of the device to
hold the EC. We often encounter postoperative
cognitive disorders, in which patients exhibit motor
restlessness, and this can also lead to detachment of
the device, migration of the EC, its loss and
termination of EA. Replacing the fixing device is a
labor-intensive procedure. To replace a device such
as the Lockit, it is necessary to completely
disassemble the entire catheter fixing structure
down to the antibacterial filter. As a result, replacing
the device may become a factor leading to catheter
dislocation. The midline cannot be considered an
ideal place for fixing the EC due to anatomical and
physiological features, since this is the projection
site of the spinous processes, which are hard bone
formations that, when the patient is lying on their
back, will create pressure on the skin between the
spinous processes, the fixing device, and the surface
on which the patient is located. Fixation will be
reliable if the device is located on a flat surface,
because the pressure on the device will be distributed
evenly [13]. Also, along the midline of the chest and
back, especially in the interscapular region, the
number of sebaceous glands reaches 400 to 900 per
square centimeter. These zones are usually called
seborrheic [14]. Large sebaceous glands of the first
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order with maximum sebum production can be found
on the back [15]. This feature does not contribute to
the reliable fixation of the adhesive device on the
skin.

There is no absolutely reliable method of fixing
the EC and there is no ideal fixing device. Any sticker,
under a certain force and under factors that can
disrupt adhesion, can lose its fixing properties. To
simplify all of the above, everything that is glued to
the skin can come off. The catheter inserted into the
epidural space is fixed by the yellow ligament,
interosseous, supraspinous ligaments and dermis.
When tunneling under the skin, such fixing
components as another bend of the catheter at an
angle of 90° and subcutaneous placement of the
catheter are added. The shape of the back surface in
the midline area is anatomically very variable, which
also creates inconveniences in fixing the EC with
certain anatomical variants.

In this regard, we conducted our own study,
which was devoted to studying the shape of the back
surface in the midline area in patients who
underwent neuraxial blockades at the lumbar level.

MATERIAL AND RESEARCH METHODS

The clinical study was conducted at the
traumatology department of the Kotovsk City
Clinical Hospital in 2021-2022. 600 patients who
were on the operating table before neuraxial
blockades during surgical interventions for fractures
of the lower extremities were examined. The patients
were on the operating table in a sitting position with
a bent back. Neuraxial blockades were performed at
the lumbar level in the intervals L2 - L3 and L3 - L4.
The surface shape study was carried out at the same
levels. There were 248 women and 352 men among
the patients. The maximum age was 95 years, the
minimum was 20 years. Four forms of the back
surface were identified:

1. “V” shape of the back surface (Fig. 1);

2. “M” shape of the back surface (Fig. 2);

3. “L” shape of the back surface (Fig. 3);

4. “—” even shape of the back surface (Fig. 4).
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Among the examined patients, there were 75
(12.5%) with the "V" shape of the lumbar region of
the back, 49 (8%) with the "M" shape, 271 (45%) with
the "L" shape and 205 (34%) with the "-" smooth
shape of the back surface. In our study, it was noted
that the frequency of occurrence of various variants
of the lumbar region of the back surface in patients
depends on the body mass index (BMI) (Table 1).

As can be seen from the table, in patients with
body weight deficiency, the "V" shape of the back
surface predominates (80%), in normal body weight,
the "-" shape (flat surface) predominates (40.7%), in
excess body weight, the "L" shape predominates
(49.3%) and the "-" flat shape (33%), and in obesity,
the "L" shape is more common (68%). Also, in
patients with body weight deficiency, the "M" shape
does not occur and the "L" shape and "-" flat shape
are very rare, 10% each. In patients with obesity, the
"V" shape is rare, 1.4%. In patients with normal body
weight, the "V" shape is found in almost equal
proportions, 21.1%, and the "L" shape, 29.7% of
cases.

The level of the spinous processes elevation
above the skin surface of the studied area of more
than 7 mm and the level of the depression of more
than 7 mm were taken by us as the critical value at
which deformation of the fixing device occurs,
preventing its reliable adhesion to the skin. Based on
this indicator, we distributed patients in whom a
depression or elevation above the skin surface was

Fig. 2. “M” shape of the back surface

detected (Table 2).
Fig. 4. “—" smooth shape of the back surface
Table 1
Variants of the surface shape of the lumbar region of the back in patients depending on body mass index
0,
) In total, Back shape, n (%)
Body mass inde, kg/ ™ (%
) «V» M" "Lt «=»
Underweight No more than 18.4 10 (100%) 8 (80%) 0(0%) 1 (10%) 1(10%)
Normal body weight from 18.5 to 24.9 246 (100%) 52 21.1%) 21 (8.5%) 73 (29.7%) 100 (40.7%)
Overweight from 25.0 to 29.9 203 (100%) 13 (6.4%) 23 (11.3%) 100 (49.3%) 67 (33%)
Obesity from 30 141 (100%) 2 (1.4%) 5 (3.5%) 97 (68.8%) 37 (26.3%)
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Table 2

Distribution of patients into groups depending on the
size of the depression or elevation of the spinous
processes at the lumbar level

Quantity, n
Form
surfaces of the Total Level of elevation Level of elevation
back or depression or depression
no more than 7 mm more than 7 mm
"V " shape 75 65 10
"M " shape 49 46 3
"L "shape 271 210 61
"—" flat surface 205 - -

We also examined the distance between the
points of maximum elevation located laterally from
the midline on the right and left in patients with the
"L" shape of the back surface. This distance is
important when fixing with special fixing devices, in
which the size of the dense adhesive plate is 55 mm
for the Epi-Fix device and 40 mm for the Perifix device.
Accordingly, if the depression is greater than 7 mm,
and the distance from the points of maximum
elevation on the surface of the lumbar region to the
right and left of the midline is less than the size of
the dense adhesive plate of the device, then fixation
of the EC along the midline will be considered
absolutely inconvenient. In our study, 12 patients
were identified who had this combination.

Translated by A.P. Strelkova

RESULTS AND DISCUSSION

Depending on the shape of the surface and the
size of the depression or elevation at the site of
epidural access, the fixation site can be absolutely
convenient, relatively convenient, relatively
inconvenient, and absolutely inconvenient. There
were 205 patients (34%) in whom we defined the
fixation site of the epidural graft as absolutely
convenient, 210 (53.5%) as relatively convenient, 62
(10.3%) as relatively inconvenient, and 12 (2%) as
absolutely inconvenient. Results research presented
in Table 3.

When choosing the method of fixing the EC, the
anesthesiologist-resuscitator takes into account the
expected duration of prolonged epidural analgesia.
There are no clear criteria for deciding on the issue
of performing tunnel fixation of the EC. We believe
that if prolonged EA is planned for more than 3 days,
it is better to perform subcutaneous tunnel fixation
of the EC.

Also, when choosing the method of fixing the EC,
it is necessary to take into account the anatomical
features of the back surface in the area of epidural
access. The more uneven the shape of the back
surface in the area of epidural access, the greater the
likelihood of disruption of the adhesion of the fixing
device to the surface of the patient's skin. This, in
turn, can lead to dislocation of the EC up to the loss of
the catheter and termination of epidural anesthesia.

Table 3
Convenience of fixing the epidural catheter depending on the shape of the back surface at the lumbar level
Surface of the back
Convenient fixation Total
"V" shape "M" shape "L" shape "~"form
Absolutely convenient 0 0 0 205 205 (34.2%)
Relatively comfortable: the level of elevation or depression is no more than 7 mm 65 46 210 0 321 (53.5%)
and the distance between the points of maximum elevation on the surface of the
lumbar region to the right and left of the midline is more than 55 mm
Relatively uncomfortable: the level of elevation or depression is more than 7 mm 10 3 49 0 62 (10.3%)
and the distance between the points of maximum elevation on the surface of the
lumbar region to the right and left of the midline is more than 55 mm
Absolutely uncomfortable: the level of elevation or depression is more than 7 mm 12 12 (2%)
and the distance between the points of maximum elevation on the surface of the
lumbar region to the right and left of the midline is less than 55 mm
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Also, a violation of the tightness of the fixing device
and dislocation of the catheter can contribute to
infection of the tissues surrounding the catheter and
lead to infectious neurological complications.

Internal migration of the EC is dangerous due to
such complications as injury to the vessels of the
epidural space with the formation of an epidural
hematoma. To prevent EC prolapse, it is proposed to
insert the catheter deeper into the epidural space. A
number of authors have studied the ideal depth of EC
placement. In particular, there is an opinion that for
catheters with side holes, the ideal depth of
placement is 5 cm [16]. The authors of this study
noted inadequate analgesia in 24 patients out of 100,
in whom the catheter was inserted by 3 cm. However,
it should be taken into account that deep insertion of
the catheter increases the risk of nodulation,
accidental intravascular penetration, and unilateral
block. Therefore, this strategy is less preferable than
more reliable fixation of the catheter using
tunneling. The positive properties of conducting EC
in the subcutaneous canal are the lengthening of the
internal part of the EC by 70-80 mm (the further from
the epidural space the EC exit onto the skin is
located, the lower the risk of neurological infectious
complications) and the exit of the EC onto the skin
surface lateral to the medial line by 70-80 mm, and
in this area the surface shape is always smooth. The
presence of the EC in the subcutaneous canal itself is
a fixing component in addition to its fixation by the
yellow ligament. Also, a stronger fixation of the EC is
facilitated by the appearance of another bend at an
angle of 90° (in total, there are three such bends: the
first in the epidural space, the second at the exit onto
the skin at the site of epidural access, and the third
at the exit onto the skin from the subcutaneous
canal). Tunneled catheters are also easier to use: it is
easier to replace the protective fixing sticker, since
there is no risk of EC dislocation, whereas there is
such a risk when replacing a special fixing device in
the area of epidural access [13].

Based on the conducted research, it was
established that:

1. The overwhelming majority of patients studied
had absolutely convenient (34.2%) and relatively
convenient (53.5%) places for fixing the epidural

Translated by A.P. Strelkova

catheter in the area of epidural access, which will
facilitate its reliable fixation when using special
fixing devices.

2. A smaller number of patients (10.3%) had a
relatively inconvenient location of EC fixation in the
area of epidural access, which can be considered a
relative indication for EC tunneling.

3. A significantly smaller number of patients (2%)
had an absolutely inconvenient place for fixation of
the EC in the area of epidural access, which can be
considered an absolute indication for tunneling of
the EC.

From all of the above, it can be concluded that the
ideal method of fixing an epidural catheter should
provide high-quality long-term analgesia , the ability
to control the condition of the catheter and maintain
sterility at the site of its installation. The fixing
properties of special fixing devices and adhesive
stickers should be maintained not only in dry skin
conditions, but also when sweat, sebum, blood and
edematous interstitial fluid get under the device.
Significant deformation of the back surface prevents
the correct and reliable functioning of the fixing
device, therefore, when choosing a method for fixing
an epidural catheter, the doctor must rely on a
combination of factors, one of which is the shape of
the back surface of the area where catheterization of
the epidural space is performed and it is planned to
fix the epidural catheter.

CONCLUSIONS

Based on the results of the study of the surface
shape of the lumbar region of the back, we
determined absolute and relative indications for
tunneling an epidural catheter:

1. An absolute indication for fixing an epidural
catheter using subcutaneous tunneling is the
presence of an absolutely inconvenient fixation site
in the area of epidural access in the patient - a
combination of a depression greater than 7 mm and
the presence of a distance between the points of
maximum elevation in the specified area to the right
and left of the midline less than the size of the dense
adhesive plate of the fixing device (for the "Epi-Fix"
device this is 55 mm).
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2. A relative indication for fixation of an epidural shape at the site of epidural access, the presence of a
catheter by subcutaneous tunneling is the presence distance between the points of maximum elevation
of a relatively inconvenient fixation site in the area to the right and left of the midline greater than the
of epidural access in the patient, regardless of the size of the dense adhesive plate of the fixation
size of the depression or elevation of the surface device.
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