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Abstract—Background. The application of the
combination of local anesthetics (LA) in some parts of
the body increases the amount of LA and plasma
concentration. Earlier it was also noticed that the
toxic effect of LA on the cardiovascular system was
registered even for usual LA plasma concentrations.
In consideration of these data, it is relevant to apply
small doses of local anesthetics in order to increase
the safety of the peripheral nerve blocks, especially
while performing a combined blockage of the sciatic
and femoral nerves. The aim of our research was to
define the minimal effective volume and amount of
lidocaine with added adrenaline (1:200,000) to
perform a femoral nerve block under ultrasound
control and with neurostimulation.
Methods. Femoral nerve blockade was performed
with the following lidocaine solutions: 0.75% -10 ml,
7.5 ml; 1% -20ml, 15ml, 10ml, 7.5ml, 5ml; 1.5% -5ml,
4ml; 2% -5 ml, 4 ml; 3% -5ml, 4ml, 3ml; 4% -5 ml, 4
ml, 3 ml, 2.5 ml. All blocks were performed with added
adrenaline (1:200,000). In all, 181 blocks of the
femoral nerve, in combination with sciatic nerve
blocks, were carried out with the help of the
electrostimulation of peripheral nerves, and under
ultrasound. The quality of motor and sensory blocks
was assessed after 45 min of administration of the
femoral nerve block.
The assessment of the motor block was carried out
with the help of the following scale: + +\ which
indicated that movements were completely absent; +\
which indicated that movements were partially
preserved or were uncoordinated; and -\ which
indicated that movements were fully preserved.
The stimulus of the needle prick was applied to
check the sensory block of the femoral nerve. The
assessment of skin sensitivity was carried out with the
help of a similar scale: + +\ indicating a complete
sensory block; +\ indicating a partial sensory block, a
patient was unable to differentiate between the type of
stimuli ; and -\ indicating that the skin sensitivity was
fully preserved.

Results.
A total of 181 femoral nerve blocks, in combination
with sciatic nerve blocks, were used via the help of
electrostimulation of the peripheral nerves (EPN), and
under ultrasound (US) control.
The femoral nerve blockade was effective with the
following lidocaine solutions: 0.75% -10 ml (75mg);
1% -20ml, 15ml, 10ml, 7.5ml (75mg); 1.5% -5ml
(75mg); 2% -5 ml (100 mg); 3% -5ml (150mg); 4% -5
ml (200mg).
Femoral blockade was ineffective when using the
following solutions of lidocaine: 0.75% - 7.5ml (56.25
mg); 1% - 5ml (50mg); 1.5% - 4ml (60mg, No spread
along the entire circumference of the nerve NSAECN); 2% - 4 ml (80mg, NSAECN); 3% - 4ml
(120mg NSAECN), 3 ml; 4% - 4 ml (160 mg,
NSAECN), 3 ml, 2.5 ml.
The minimum volume of local anesthetic that
spread along the entire circumference of the femoral
nerve was 5 ml, was determined under ultrasound
imaging. When using a volume of less than 5 ml, the
anesthetic did not spread along the entire
circumference of the femoral nerve and complete
blockade did not develop.
Conclusion.
For a complete motor and sensory block of the
femoral nerve: the minimum effective volume of local
anesthetics was 5 ml; and the minimum effective
amount of lidocaine was 75 mg. А complete block of
the femoral nerve was achieved only with the
spreading of local anesthetic along the whole
circumference of the femoral nerve.
Keywords— femoral nerve blockade, lidocaine,
minimum effective dose, ultrasound control,
minimum effective volume, local anesthetic
I.

INTRODUCTION

Femoral nerve blocks in combination with blockade
of sciatic nerve are applied in order to perform
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anesthesia while operating on the knee joint, shin , and
foot. The application of the combination of local
anesthetics (LA) in some parts of the body increases
the amount of LA and plasma concentration [1, 2].
Cuvillon et al., stated that, even when administered
with bupivacaine and ropivacaine within the
recommended doses of the LA plasma concentration,
that some patients may still exceed the safe level, and
that this is dependent upon other different
conditions[2]. Earlier it was also noticed that the toxic
effect of LA on the cardiovascular system was
registered even for usual LA plasma concentrations[3,
4]. In consideration of these data, it is relevant to apply
small doses of local anesthetics in order to increase
the safety of the peripheral nerve blocks, especially
while performing a combined blockage of the sciatic
and femoral nerves.
Danelli et al.[5] has indicated that the 95% effective
dose (ED95) for 1.5% mepivacaine is 14 ml in order to
block the sciatic nerve. Latzke et al.6 attempted to
define the minimal efficient dose of mepivacaine
required to perform a sciatic nerve block, and indicated
that the minimal efficient dose was 0.10 ml mm-2 (from
2.8 to 10.2 ml of 1.5% mepivacaine). Other research
has suggested that the minimal efficient volume and
amount of lidocaine required to carry out a sciatic
nerve block was 5 ml (3% and 4%), and 125 mg (12.5
ml, 1% solution), respectively [ 7]. The minimal efficient
volume of 0.75% ropivacaine has been set for the
sciatic nerve block under ultrasound control in the
gluteal area [8].
The number of publications dedicated to
determining the minimal amount and volume of local
anesthetics required to block the femoral nerve under
ultrasound control, is small. Casati et al. have stated
that the ED 95 required to block the femoral nerve for
0.5% ropivacaine is 22 ml [9].
Taha et al.[10] have demonstrated in their research
that 15 ml of 0.93% lidocaine is necessary for 89%
efficacy of the femoral nerve block. Considering the
acquired data for the sciatic nerve block [7] this
avenue of research needs further investigations. As
the authors mentioned in their paper, the minimal
efficient volume of lidocaine was not defined[10]. It has
also not been revealed how the combinations of the
different concentrations and volumes of lidocaine
solutions affects the efficacy of the femoral nerve
blocks.
The aim of our research was to define the minimal
efficient volume and amount of lidocaine with added
adrenaline (1:200,000) necessary to perform the
femoral nerve blocks under ultrasound control, and
with neurostimulation.

written consent about the type of anesthesia and
possible complications of regional anesthesia. The
exclusion criteria were: patient’s refusal of application
for the proposed form of anesthesia, patients younger
than 18 years, patients weighing less than 50 kg, a
physical status score of more than 3 determined by
the American Society of Anesthesiologists (ASA), a
history of allergic reactions to the drugs used,
coagulopathies , infections of the skin at the injection
site, neurological or neuromuscular diseases, severe
liver diseases or kidney failures, and an inability to
cooperate with the patient.
With the aim of premedication, 0.5–0.8 mg of
atropine and 10 mg of diphenhydramine were injected
intramuscularly 20–30 min prior to the administration
of the block. A venous approach via peripheral vein
catheterization was taken for all patients. Peripheral
capillary
oxygen
saturation
(SPO2),
electrocardiography
(ECG)
and
noninvasive
measurement of blood pressure were monitored.
A total of 181 femoral nerve blocks, in combination
with sciatic nerve blocks, were used via the help of
electrostimulation of the peripheral nerves (EPN), and
under ultrasound (US) control. In order to provide
visualization of the ultrasound image, a transducer
frequency of 7.5–10 MHz was used. Following the
ultrasound visualization of the femoral nerve, a 100
mm insulated injection needle (Stimuplex ®, B Braun,
Melsungen, Germany) was connected to the nerve
stimulator (HNS 11, B Braun, Melsungen, Germany).
Under ultrasound visualization guidance, the needle of
the electronic nerve stimulator (current strength, 0.4
мА) was positioned at the femoral nerve (in plane)
from its lateral side at a slightly superior position . A
marker for LA introduction was the visualization of the
needle end near the femoral nerve, and a positive
muscular response (patellae twitching). Subsequently,
the introduction of LA solution was initiated. The
position of the needle was corrected 1-2 times
according to the type of anesthetic spread. If LA was
spreading from the lateral side down to the nerve,
then the needle was replaced to the upper point of
the femoral nerve and the rest of LA was introduced,
and vice versa (Fig.1 and 2). The presence of a
complete and incomplete spread of LA along the
entire circumference of the nerve was assessed.
Correspondingly, if the anesthetic was spreading
upwardly, the needle would be downwardly replaced.
All of the blocks were performed by the same
anesthesiologist whose operational experience in
regional anesthetics was 8 years with an annual
average of 600 blocks of the femoral nerve carried out
under ultrasound control.

The research was carried out with the permission
of the Ethics Committee. All patients gave informed
consent to participate in the study and the upcoming
type of anesthesia.

There are several approaches to organize
research to define the minimal dose and volume of
local anesthetic needed to perform peripheral nerve
blocks. The method outlined by Dixon in 1948,10 and
its modified version[11,12]
has allowed for the
definition of the 50% effective dose (ED50).

The criteria for patient inclusion were: surgical
indication requiring anesthesia maintenance, patient’s

Another method had stated that, according to the
effective concentration of LA, the following

Materials and Methods.
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concentration of anesthetic either increases or
decreases by 0.1%,10 thereby indicating that the
minimal effective volume of local anesthetic had not
been defined . Conversely, one concentration of local
anesthetic would be decided upon for use, and prior to
investigation, a researcher would choose several LA
volumes to perform the blocks [13]. From this,
calculation of the ED was possible.
Another method used to determine the minimal
amount of LA for several concentrations was by
reducing their volumes . The reduction in volume was
defined by the anesthesiologist according to the
efficacy of the block with regards to the given amount
of LA . These data were then listed in a table format.
The necessity for further investigation was determined
by different groups: the reduction in volume; the
decrease or increase in concentration according to
earlier results; and for the conveniences of everyday
anesthesiology practice . This method allows for the
definition of both the minimal effective amount of LA,
and for the minimal effective volume of LA (while
applying the proven, effective amount of LA)[7]. This
method considers a dose and volume to be ineffective
if there is a failure to develop a complete block upon
introduction of the entire LA volume to the target area
(fascial compartment). ED50, and 80% (ED80) and
90% (ED90) effective doses were not assessed.
Therefore, it is evident that, while performing blocks
with LA solution, a complete peripheral block is
always produced with an effective amount and
volume. If a complete block does not develop, the
amount and volume are considered ineffective . This
method provides a good basis for recommendations
as LA amount and volume are only considered
effective when they develop complete blocks of the
peripheral nerve.
In our research, we applied the aforementioned
method in the search for the minimal effective volume
and amount of anesthetic [7]. As a starting point, a
concentration of 1% lidocaine was selected as it is the
most widely applied solution for peripheral blocks.
Subsequently, depending upon the acquired results,
we applied 0.75%, 1.5%, 2%, 3%, and 4% solutions in
volumes that had been defined in accordance with the
results of the research . All blocks were performed
with adrenaline added (1:200,000).
The Ethics Committee stated that if there were up
to 4 cases of ineffective femoral nerve blocks with the
same solution , then the application of this
concentration and volume had to be stopped.
The blocks of the sciatic nerve were performed in
the gluteal region under ultrasound control with the
application of EPN 15 ml of 1% lidocaine solution.
The quality of motor and sensory blocks was
assessed after 45 min of administration of the femoral
nerve block. The evaluation of the block was carried
out by an anesthesiologist who was not involved in the
study, and was blinded to solution that had been
applied.
To assess a motor block, a patient was asked to
raise their leg in knee extension . If the patient failed
to raise their leg in knee extension, then a motor block

of the femoral nerve was considered to have
successfully developed.
The assessment of the motor block was carried out
with the help of the following scale: + +\ which
indicated that movements were completely absent; +\
which indicated that movements were partially
preserved or were uncoordinated; and -\ which
indicated that movements were fully preserved.
The stimulus of the needle prick was applied to
check the sensory block of the femoral nerve. The
area of the patellar , the anterior aspect of the lower
one third of the thigh, and the medial aspect of the leg
corresponding to the dermatome innervated by the
saphenous nerve, were assessed. The assessment of
skin sensitivity was carried out with the help of a
similar scale: + +\ indicating a complete sensory
block; +\ indicating a partial sensory block, a patient
was unable to differentiate between the type of stimuli
; and -\ indicating that the skin sensitivity was fully
preserved.
In consideration of Moayeri N. et al . regarding the
possible influence of the correlation between neural
and non-neural tissues on the minimal effective dose
of anesthetics [14], the cross-sectional area of the
femoral nerve after blocking was measured in order to
account for the influences of femoral nerve anatomical
variations on the minimal effective dose of lidocaine.
The measurement was carried out to exclude the
possible influence of different cross-sectional areas of
the femoral nerve on the development of the block,
while applying small doses of local anesthetics.
Statistical data analyses were performed using the
program Statistica 7.0. The groups of patients were
compared using the non-parametric method of a
Kruskal-Wallis ANOVA. The null hypothesis about the
absence of differences was accepted at р was greater
than 0.05. If р was less than 0.05, the null hypothesis
was rejected, and the differences between the groups
were considered to be statistically significant. A
pairwise comparison of the groups was carried out
using a non-parametric Mann-Whitney test. The data
were expressed as median and quartiles (25th and
75th percentiles). The differences between the groups
were evaluated by the complete and incomplete block
(indicated above). The frequencies of the binary trait
in two unrelated (independent) groups were compared
by analyzing the contingency table (2 × 2). Differences
between groups were considered statistically
significant at p <0.05.

Results.
Of the 181 patients, one patient was excluded. A
double trunk of the femoral nerve was noted . This
anatomical variation was depicted in an ultrasound
image (Fig. 3). While applying the needle,
neurostimulator (NS), under ultrasound control, each
branch of the femoral nerve responded with patella
twitches . Twenty milliliters of 1% lidocaine solution
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was introduced. After 45 min, complete sensory and
motor blocks had developed.
An additional patient was excluded from the study
as an unpremeditated intraneural introduction of 3. 5
ml of 1% lidocaine solution was noted (Fig. 4).
Complete sensory and motor blocks developed. The
block ended in 3 h. There were no complications
during the nearest and distant postoperative periods.
While measuring the cross-sectional area of the
femoral nerve, there were no significant differences
between the groups (p = 0.98) . The cross-sectional
area of the femoral nerve in the region of the block
was 0.27 сm2 (range: 0.24–0.3 сm2). In table 1, the
demographic data of the patients are listed, in addition
to the measured cross-sectional area of the femoral
nerve of each group.
1.

Stage 1% lidocaine.

The femoral nerve blocks of the 15 patients were
performed with 20 ml of 1% lidocaine. In all cases, the
blocks were effective (++\++). The amount of lidocaine
for the femoral nerve block was 200 mg. The solution
of local anesthetic had spread in the fascial plane,
along the whole circumference of the femoral nerve in
all directions. Subsequently, the volume of the 1%
lidocaine solution was decreased to 15 ml.
The femoral nerve blocks with 1% lidocaine in the
volumes of 15 and 10 ml (150 and 100 mg,
respectively) were effective in all cases (Table 2). The
volume was then reduced to 7.5 ml.
Twenty femoral nerve blocks of the 20 patients with
7.5 ml of 1% lidocaine solution were performed. All
patients had complete blocks of the femoral nerve
(++\++). The amount of lidocaine used to block the
femoral nerve was 75 mg. The solution of local
anesthetic had spread into the fascial plane along the
whole circumference of the femoral nerve. A decision
to decrease the volume of the 1% lidocaine to 5 ml
was made.
The femoral nerve blocks were performed with the
adjusted volume of 5 ml of the 1% lidocaine solution.
In consideration of the fact that this dose was
considered ineffective (+\+), only 4 patients had such
blocks. In this scenario, the amount of lidocaine to
block the femoral nerve was 50 mg . The solution of
local anesthetic had spread into the fascial plane along
the whole circumference of the femoral nerve.
Subsequently, according to a decision made by the
Ethics Committee, blocks that involved volumes of 5
ml, or less, of the 1% lidocaine solution were not
performed.
2.

Stage 0.75% lidocaine.

In consideration of the minimal effective amount of
lidocaine at the stage “1 % lidocaine” , which was 75
mg, we decided to start performing blocks at this stage
with 10 ml. Twenty blocks of the femoral nerve of the
20 patients were carried out with 10 ml of 0.75%
lidocaine. All patients had complete blocks of the

femoral nerve (++\++). In this scenario, the amount of
lidocaine used to block the femoral nerve was 7.5 mg.
The solution of local anesthetic had spread in the
fascial plane along the whole circumference of the
femoral nerve. A decision was made to decrease the
volume of the 0.75% lidocaine to 7.5 ml.
Consequently, the femoral nerve blocks were
administered at an adjusted volume of 7.5 ml of the
0.75% lidocaine solution. As these blocks were
recorded to be ineffective (+\+), only 4 patients had
such blocks . The amount of lidocaine used to block
the femoral nerve was 56.25 mg. The solution of local
anesthetic had spread into the fascial plane along the
whole circumference of the femoral nerve. Following
this, in accordance with the Ethics Committee, blocks
that involved volumes of 7.5 ml, or less, for the 0.75%
lidocaine solution were not performed.
3.

Stage 1.5% lidocaine.

As the minimal effective amount of lidocaine at the
stage “1 % lidocaine” was 75 mg, we decided to start
performing the blocks at the stage “1,5% lidocaine”
with a volume of 5 ml (75 mg). Fifteen femoral nerve
blocks had been respectively administered to the 15
patients at a volume of 5 ml of the 1.5% lidocaine
solution. All patients had complete blocks of the
femoral nerve (++\++). The solution of local anesthetic
had spread into the fascial plane along the whole
circumference of the femoral nerve. A decision to
decrease the volume of 1.5% lidocaine to 4 ml was
made.
Consequently, the femoral nerve blocks were
performed with an adjusted volume of 4 ml of the 1.5%
lidocaine solution. As these blocks were noted as
being ineffective (+\+), only 4 patients had such blocks
. The amount of lidocaine used to block the femoral
nerve was 60 mg. The solution of local anesthetic did
not spread into the fascial plane along the whole
circumference of the femoral nerve. Following this, in
accordance with the Ethics Committee, blocks involved
a volume of 4 ml, or less, of the 1.5% lidocaine
solution were not performed.
4.

Stage 2% lidocaine.

Considering the fact that at the previous stage, 4 ml
volume of lidocaine solution failed to spread
throughout the whole circumference of the femoral
nerve, and present data further affirmed that a
complete block may not develop,7 we decided to
initially use 5 ml (100 mg) of the 2% solution, then use
5 ml of 2% lidocaine (100 mg). All patients had
complete blocks of the femoral nerve (++\++). The
solution of local anesthetic had spread into the fascial
plane along the whole circumference of the femoral
nerve. A decision was made to decrease the volume of
the 2% lidocaine solution to 4 ml.
The femoral nerve blocks were then performed with
the adjusted volume of 4 ml of the 2% lidocaine
solution. These blocks were ineffective (+\+) and only
4 patients had such blocks . The amount of lidocaine
used to block the femoral nerve was 80 mg. The
solution of local anesthetic failed to spread in the
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fascial plane along the entire circumference of the
femoral nerve. Subsequently, in accordance with the
Ethics Committee, blocks that involved a volume of 4
ml, or less, of the 2% lidocaine solution were not
performed.
5.

Stage 3% lidocaine.

The aforementioned reasoning made us commence
application of the 3% lidocaine solution at a volume of
5 ml. Fifteen femoral nerve blocks for the respective
15 patients were carried out at a volume of 5 ml of the
3% lidocaine. All patients had complete blocks of the
femoral nerve (++\++). The solution of local anesthetic
had spread into the fascial plane along the whole
circumference of the femoral nerve. We decided to
decrease the volume of the 3% lidocaine to 4 ml.
Following this, the femoral nerve blocks were
performed with the adjusted volume of 4 ml of the 3%
lidocaine solution. As the blocks were ineffective (+\+),
only 4 persons had such blocks . The amount of
lidocaine used to block the femoral nerve was 120 mg.
The solution of local anesthetic failed to spread into
the fascial plane along the whole circumference of the
femoral nerve. Subsequently, according to the decision
of the Ethics Committee, blocks with a volume of 4 ml,
or less, of the 3% lidocaine solution were not
performed.
Considering the fact that the amount of lidocaine at
120 mg sufficiently exceeded the minimal effective
amount of lidocaine at the previous stages, which was
75 mg, we decided to reduce the volume of the 3%
lidocaine solution to 3 ml (90 mg) in order to account
for this observation. As these blocks were ineffective
(+\+), only 4 patients had such blocks . The solution of
local anesthetic failed to spread into the fascial plane
along the whole circumference of the femoral nerve.
Subsequently, according to the decision of the Ethics
Committee, blocks with a volume of 3 ml, or less, of
the 3% lidocaine solution were not administered.
6.

The cross-sectional area of the femoral nerve was
0.24 cm2, and any statistically significant differences
between the groups of patients were absent (р=0.99).

Stage 4% lidocaine.

In consideration of the data acquired at the
previous stages, we applied 5 ml of the 4% lidocaine
solution. Fifteen femoral nerve blocks for the
respective 15 patients were administered. All patients
had complete blocks of the femoral nerve (++\++). The
amount of lidocaine used to block the femoral nerve
was 200 mg. The solution of local anesthetic had
spread in the fascial plane along the whole
circumference of the femoral nerve.
Considering the fact that the amount of lidocaine at
200 mg had sufficiently exceeded the minimal effective
amount of lidocaine at the previous stages, which was
75 mg, we decided upon reducing the volume of the
4% lidocaine solution to 4 ml (90 mg), 3 ml (120 mg)
and 2.5 ml (100 mg).
The aforementioned blocks were ineffective (+\+),
so only 4 patients had such blocks . The solution of
local anesthetic failed to spread into the fascial plane
along the whole circumference of the femoral nerve.
Subsequently, according to the Ethics Committee,
blocks involving a volume of 4 ml, or less, of the 4%
lidocaine solution were not administered.

Discussion.
There are several approaches to organize the
research defining the minimal dose and volume of
local anesthetic to perform peripheral nerve blocks.
The method that Dixon[10] suggested in 1948, and its
modified version, has allowed for the definition of
ED50.
Another method stated that according to the
effective concentration of LA, the following
concentration of anesthetic either increases or
decreases by 0.1%,10 and that, therefore, the minimal
effective volume of local anesthetic had not yet been
defined. Alternatively, one concentration of local
anesthetic may be used, and prior to the investigation,
a researcher chooses several LA volumes to perform
the blocks [13]. From this, the possible ED is
calculated.
Another method used to determine the minimal
amount of LA for several concentrations was by
sequentially reducing their volumes. The reduction in
volume is defined by anesthesiologist according to the
efficacy of the block with regards to the given amount
of LA. The data are then listed in a table format. The
necessity for further investigation is determined by
different groups: the reduction in the volume; the
decrease or increase in the concentration according to
earlier results; and for the conveniences of everyday
anesthesiology practice. This method has allowed for
the definition of both the minimal effective amount of
LA and the minimal effective volume of LA (while
applying the proven, effective amount of LA) [7]. This
method considers the doses and volumes to be
ineffective if there is failure to develop a complete
block upon introduction of the whole LA volume into
the target area (fascial compartment). ED50, ED80,
and ED90 are not assessed. The conclusion was that
an effective volume and amount of a block with LA
solution should induce complete peripheral blocks. If a
complete block does not develop, the amount and
volume are considered to be ineffective. This method
provides a good basis for recommendations as the LA
amount and volume are only considered effective
when they induce complete blocks of the peripheral
nerve.
In the course of our research, we have stated that
the minimal effective amount of lidocaine necessary for
a complete block of the femoral nerve was 75 mg.
Additionally, the minimal volume of local anesthetic
that spreads along the whole circumference of the
femoral nerve was 5 ml. Previous literature has also
suggested that the minimal volume of LA solution
required to spread along the whole circumference of
the sciatic nerve was 5 ml [7]. The data acquired in our
research were unexpected as the sciatic nerve is
larger in its diameter than the femoral nerve. This may
have been accounted for by the peculiarities in the
structure of the fascial planes of both nerves; by the

www.jmest.org
JMESTN42353414

12093

Journal of Multidisciplinary Engineering Science and Technology (JMEST)
ISSN: 2458-9403
Vol. 7 Issue 6, June - 2020

differences in the characteristics of the surrounding
tissues; and by the pressure that these tissues exert
on LA in the plane of the nerve. Nonetheless, these
theories warrant further investigation.
The effective amount of 75 mg of lidocaine was
achieved only while applying 0.75%, 1% and 1.5%
solutions. The volume acted as a limiting factor for
other concentrations. Volumes of 4 ml, or less, of LA
failed to spread along the whole circumference of the
femoral nerve, and as a result, a complete block did
not develop.
While applying a volume of 7.5 ml of the 1%
lidocaine, we induced a complete block of the femoral
nerve. When the volume of LA was reduced to 5 ml,
the amount of lidocaine dropped to 50 mg. As had
been similarly observed with the volume of 7.5 ml
(56.25 mg) of the 0.75% lidocaine solution, complete
motor and sensory blocks failed to develop. In both
cases, the amount of 75 mg of lidocaine acted as a
limiting factor. The applied volume of LA had spread
along the whole circumference of the femoral nerve.

It was assumed that the application of small doses
of LA was affected by the different thicknesses of the
femoral nerve. However, in our research, statistical
differences in the cross-sectional area of the femoral
nerve between the groups were absent, thereby
minimizing the supposed influence of the correlation
between neural and non-neural tissue on the minimal
effective dose of LA [14, 16, 17, 18]
With regards to the incomplete spread of LA along
the whole circumference of the nerve, an increased
distance between the location of LA administration,
and the targeted area for diffusion in the peripheral
nerve was observed . In such cases, the LA was
insufficient to diffuse into all parts of the femoral nerve
as “the target distance” for LA diffusion had increased
(Fig. 5).

Latzke et al. [6, 15] questioned
the widely
accepted theory that for an effective block, a complete
spread of LA along the whole circumference of the
nerve was not required. Nonetheless, these authors
noted that in such cases, effective blocks developed in
only 50% of the scenarios.6 Furthermore, they did not
assess motor blocks either [6].

Figure 5 schematically shows the diffusion of LA
during its spread along the whole circumference of the
peripheral nerve, represented in (A), and its
incomplete spread along the circumference of the
nerve, represented in (B). On the basis of the data
regarding the factors affecting the diffusion of local
anesthetic published earlier [14, 16], as well as on the
data indirectly supporting this literature, [17, 18] and
those in current research, we assumed that in the
case of (A), that a relatively even distribution of LA (c)
occurs along the whole cross-section of the nerve,
thereby completely blocking its action (with a sufficient
amount of LA). In the case of (B) (Fig. 5), the distance
for the diffusion of LA towards all sections of the nerve
increases. Taking into account the barrier and lipid
soluble characteristics of the conjunctive and lipid
tissues of the epineurium, we assumed that the
concentration, (c), of LA would be smaller in the distal
nerve further along from the point of LA administration
in the fascial plane. This was due to the LA failing to
spread to this area (schematically referred to as “c”,
with a lower frequency as indicated in Picture 5). As
we have indicated in this case, effective nerve blocks
do not develop, or as indicated by earlier publications,
may not always develop [6, 7, 8, 15]. This warrants
further investigations.

Subsequently, data
were published
which
suggested that incomplete spreading of LA along the
whole circumference of the sciatic nerve resulted in
only an incomplete sensory and motor block (even with
an excessive amount of local anesthetic in the
solution) [7]. In our research, we have stated that a
complete block of the femoral nerve developed only
with a complete spread of LA along the whole
circumference of the femoral nerve. These data
support the earlier, published information [7, 15].

As Taha and Abd-Elmaksoud noted in their paper
[6, 10] all data acquired from previous publications had
indicated that for an effective block of a peripheral
nerve required a cross-sectional area of 0.1 ml mm−2.
However, the research conducted by Taha and AbdElmaksoud
failed to confirm this. Our research
achieved results similar to those acquired by Latzke et
al., [6] in comparison to the results achieved by Taha
and Abd-Elmaksoud [10].

At other stages of the research (1.5%, 2%, 3%,
4%), the effectiveness of the blocks had only
developed after a volume of 5 ml, or more, of the LA.
Furthermore, a complete femoral block failed to
develop even after the application of a volume of 4 ml,
or less, of LA solution, with concentrations of 2%, 3%,
and 4%, in addition to the application of lidocaine
solutions that contained more than 75 mg (80, 120 and
160 mg correspondingly) . The volumes of LA at 4 ml,
or less, did not spread along the whole circumference
of the femoral nerve. Thus, the limiting factor of the
effective block was in the volume of LA, and not in its
amount.

Moayeri et al. [14, 16] noted that the conjunctive
and adipose tissue of the peripheral nerves hinders the
diffusion depth of LA into the nerve and towards the
axons. Additionally, the lipid layer of the epineureum
serves as a deposit for LA which leads to a decrease
in the amount of LA available for diffusion into the
neural tissue of the peripheral nerve. The assumption
was that for the same nerve (the sciatic nerve and
brachial plexus), an increase in the proportion of nonneural tissue at different places resulted in an increase
in the effective amount of local anesthetic [14, 16].

The ratio of ED50 to ED90, defined as ED50;90 ,
would remain between 7.5 и 5 ml for the 1% lidocaine
solution, between 7.5 и 10 ml for 0.75% lidocaine
solution, and further for each concentration under
analysis according to the results presented in Table 2.
Conclusion.
In the course of our research , we have indicated
that the minimal effective volume of lidocaine
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necessary for the development of a complete block of
the femoral nerve was 5 ml. The minimal amount of
lidocaine necessary for the development of a complete
block of the femoral nerve was 75 mg. In our research,
a complete block of the femoral nerve was achieved
only with the spreading of local anesthetic along the
whole circumference of the femoral nerve.
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Research limitations included the lack of a
completely blinded trial , and the volumes of LA for the
different concentrations achieving 5 ml, which were
dropped by 1 ml for sake of convenience in everyday
anesthesiology. The BMI remained constant within
narrow limits. Most likely, a larger number of patients
in groups with ineffective blocks of the femoral nerve,
relative to that of the number of effective blocks, was
evident (the decision of the Ethics Committee).
A peculiarity of the research was that the volumes
of lidocaine for the different concentrations were
chosen according to the effective volume and amount
of lidocaine stated at the previous stages.

Figure 1.
AF – the femoral artery;
NF – the femoral nerve;
N – the needle above the femoral nerve (in plane)
* – local anesthetic.

In future, it is probably relevant to study other
volumes of lidocaine (e.g. 4.5 ml) and apply the
scheme in the study of other anesthetics.

List of abbreviations
local anesthetics (LA)
95% effective dose (ED95)
50% effective dose (ED50)
American Society of Anesthesiologists (ASA)
electrocardiography (ECG)
Figure 2.
AF – the femoral artery;
NF – the femoral nerve;
N – the needle under the femoral nerve (in plane)
* – local anesthetic.

electrostimulation of the peripheral nerves (EPN)
neurostimulator (NS)
ultrasound (US)
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Figure 3. A – the femoral nerve before the introduction of local anesthetic.
Two visualized trunks are indicated with arrows; B – the femoral nerve
during the introduction of local anesthetic. The local anesthetic is
spreading towards the trunks of the femoral nerve; AF – the femoral
artery; NF – the femoral nerve; LA – local anesthetic.
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Figure 4. AF – the femoral artery. *- local anesthetic intraneurally.

Figure 4. А – The anesthetic spread around the entire circumference of the
peripheral nerve. В - The anesthetic has not spread around the entire
circumference of the peripheral nerve. Arrows - the direction of diffusion
of the local anesthetic into the nerve (schematically) LA - Local anesthetic
around the nerve. C - schematic distribution of the concentration of the
local anesthetic in the nerve - a higher frequency "C" indicates a high
concentration of local anesthetic in the peripheral nerves (schematically).
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Table 1.

34 (28.5 - 40)
27(25-27.5)

24.25(20.5-26.75)

25.5(22-26.25)

0.26 (0.23-0.29)

0.27 (0.25-0.29)

0.26 (0.23-0.29)

0.25 (0.22-0.28)

41 (37,5 - 39)

41 (32 - 50)
23(21-26)

0.26 (0.22-0.3)

4% - 2,5 ml

41 (37 - 39)
24.5(20.5-)

0.24 (0.21-0.27)

4% - 3 ml

42 (28 - 55)
23(20.5-25.5)

0.26 (0.24-0.3)

4% - 4 ml

35 (27.5 - 39)
27(24-28)

9/
6

12 4/
/8 0

The cross
sectional
area of the
femoral
nerve, sm2

1% - 15 ml

1% - 10 ml

1% - 7,5 ml

1% - 5 ml

0,75% - 10 ml

0,75% - 7,5 ml

1,5% - 5 ml

1,5% - 4 ml

2% - 5 ml

2% - 4 ml

3% - 5 ml

10 7/
/5 8

0.27 (0.24-0.3)

0.26 (0.24-0.28)

0.26 (0.22-0.3)

0.22 (0.18-0.27)

4% - 5 ml

43(22 - 49)

24.5(20.5-27.25)

0.25 (0.23-0.29)

3% - 3 ml

38(31 – 40)

25(22-27)

0.26 (0.23-0.3)

3% - 4 ml

44(37 - 51)

25.5(23-26.5)

Gender (m
/ f)

0.27 (0.24-0.28)

35 (30 – 39.5)

39 (31,5- 48)

27(24.75-27.75)

0.26 (0.25-0.28)

44 (21 - 51)

23(20.5-25.5)

24.5 (22-27)

36 (28- 40)

BMI

0.26 (0.23-0.3)

45 (38 - 39)

Ages,
years

25.75(23.5-28)

23.25(21.5-24.75)

4

42 (26 - 55)

3/1

4

0.27 (0,24-0,3)

2/
2

15 4

24(22-27)

0/
4

4

42 (28 - 49)

6/
9

15 4

25 (23-27)

2/
2

15 4

41 (37 - 39)

1/
3

15 4

0.25 (0.24-0.3 )

6/
9

20 4

25 (23-27)

12 0/
/3 4

15 15 15 20 4

42 (25 - 46)

1/
3

1% - 20 ml

7/
8

Number of
Patients

12097
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Table 2.
Volume of
solution,
ml

Concentration of lidocaine solution, %
0,75

1

75mg
N=20
56.25mg
N=4

200mg
N=15
150mg
N=15
100mg
N=15
75mg
N=20

20
15
10
7,5
5

4

50mg
N=4

1,5

2

3

4

75mg
N=15

100mg
N=15

150mg
N=15

200,g
N=15

60mg
N=4

80mg
N=4

120mg
N=4
90mg
N=4

160mg
N=4
120mg
N=4

3
2,5

100mg
N=4

. Reference to table 2. The black color marks the columns listing the groups where complete sensory and motor
blocks of the femoral nerve had developed. N represents the number of patients. The groups with complete
sensory and motor blocks of the femoral nerve are marked in black. N – the number of patients.
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