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Abstract

The existing researches in the field of regional anesthesia of the sciatic nerve show that if popliteal
sciatic nerve blockade is performed, the time of the development of the sciatic nerve anesthesia is
longer in comparison with subgluteal sciatic nerve blockade. Background: The aim of the research
is to compare the time of the development of the sciatic nerve blockade performed with 1% lido-
caine with epinephrine (1:200,000) in subgluteal and popliteal areas under ultrasound guidance.
Materials and Methods: Patients were divided into two groups. In Group A (20 patients), the sub-
gluteal approach to block the sciatic nerve was taken; in Group B (20 patients), the popliteal ap-
proach was applied. All blockades of the sciatic nerve were performed with 1% lidocaine (30 ml of
lidocaine with epinephrine (1:200,000)) and electrical stimulation of peripheral nerves under ul-
trasound guidance. We measured the time of the development of sensory and motor blocks. Re-
sults: In Group A, the sciatic nerve sensory block developed in 15 (14 - 16) minutes, a complete
motor block developed in 15.5 (15 - 17) minutes. In Group B the sciatic nerve sensory block de-
veloped in 40 (38.5 - 42.5) minutes while a complete motor block did not develop in any patient.
Conclusion: When the sciatic nerve is blocked in subgluteal area with 30 ml of 1% lidocaine with
epinephrine (1:200,000) under ultrasound guidance, sensory blocks develop faster than during
the popliteal blockade: 15 (14 - 16) minutes vs. 40 (38.5 - 42.5) minutes respectively. The oppor-
tunity to define the place of the introduction of local anesthetic in our research is limited.
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Guidance

1. Introduction

It was expected that the use of ultrasound guidance in performing peripheral blockades could raise their effi-
ciency to 100% [1]. But now different authors are reporting varying data on the effectiveness of regional blocks
performed under ultrasound guidance: performance indicators vary from 80% [1] to 100% [2] [3]. The achieve-
ment of high efficiency is determined not only by the visualization of peripheral nerves, but also by the know-
ledge of the anatomical features of the peripheral nerve structure in its various departments which may influence
the development of nerve blocks. The study by N. Moayeri et al. has demonstrated that in the proximal parts of
the sciatic nerve, the ratio of non-neural and neural tissue is 2:1, whereas in the popliteal fossa, the ratio is 1:1
[4]. Probably the observed values may explain the differences seen in MEAV (minimum effective anesthetic
volume) and in onset time at different levels of the sciatic nerve [4]. As indicated by N. Moayeri et al. their as-
sumptions need clinical confirmation [4].

The matter under analysis involves conflicting data in the scientific literature. In the study by A. W. Kilpa-
trick et al., it is proved that the rate of the development of the sciatic nerve blockade performed with alkalinized
0.5% bupivacaine with epinephrine (1:200,000) does not depend on the approach (classic gluteal approach or
popliteal approach) [5]. M. Taboada et al. have found out that when the sciatic nerve is blocked with ropivacaine
or mepivacaine sensory blocks develop faster when regional blockade of the sciatic nerve is performed in the
proximal areas rather than in distal areas [6] [7].

There are no studies on the time of the development of regional anesthesia of the sciatic nerve in its proximal
and distal parts with lidocaine.

The purpose of this study is to compare the time of peripheral blockade of the sciatic nerve with 1% lidocaine
with epinephrine (1:200,000) carried out in subgluteal or popliteal areas under ultrasound guidance.

2. Materials and Methods

Before the operation the patients were randomized (random number generator) according to the approach to the
blockade of the sciatic nerve (the name of the approach to the blockade of the sciatic nerve was sealed in the
envelopes). To estimate the rate of anesthesia development according to the approach we grouped the patients:
in Group A (20 patients) the sciatic nerve blockade was performed in subgluteal area with the introduction of 30
ml of 1% lidocaine with epinephrine (1:200,000); in Group B (20 patients) the popliteal approach (30 ml of 1%
lidocaine with epinephrine (1:200,000)) was implemented. In Group A blockades were performed for surgery of
traumatic injuries and dysfunctions of shin bone, knee, ankle, foot, removal of metal from the shin bone. In
Group B the blockades of the sciatic nerve were performed for surgery of ankle and foot.

The criteria for inclusion of patients in the study were surgical indication requiring anesthesia maintenance,
patient’s written consent about the type of anesthesia and possible complications of regional anesthesia. The ex-
clusion criteria were patient’s refusal of application of the proposed form of anesthesia, age < 18 years, weight <
50 kg, physical status score for ASA > 3, a history of allergic reactions to drugs used, coagulopathy, infections
of the skin at the injection site, neurological or neuro-muscle diseases, severe liver diseases, or kidney failures,
obesity, 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 intra-
muscularly 20 - 30 min before the block. All patients exercised venous approach provided through a peripheral
vein catheterization. SPO2, ECG and noninvasive blood pressure were monitored.

After a patient was placed in the prone position the blockade of the sciatic nerve was performed in subgluteal
or popliteal areas under ultrasound guidance [8]. For visualization the ultrasound machine “Aloxa SSC400” with
the ultrasound transducer 7.5 MHz was used. The studies show that in the subgluteal area the sciatic nerve is 3.2
cm distant from the skin and is approximately 5 cm distant from the skin in the region of the popliteal fossa. In
this study the authors used the ultrasound frequency sensor with 7 - 13 MHz [9]. After ultrasound visualization
of the sciatic nerve a 100-mm insulated injection needle (Stimuplex®, B Braun, Melsungen, Germany) con-
nected to a nerve stimulator (HNS 11, B Braun, Melsungen, Germany) was applied to the sciatic nerve. The
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strength of the stimulation current was initially set at 0.4 mA (frequency 1Hz, pulse duration of 100 microse-
conds).

The blockade was performed with ultrasound guidance according to the technique “in plane”. The strength of
the stimulation current was initially set at 0.4 mA and remained unchanged during the whole procedure. Under
ultrasound guidance the needle was applied to the fascial compartment of the sciatic nerve and the position of
the end of the injection point was defined. Then the test dose of 0.5 - 1.0 ml of local anesthetic was injected. The
ultrasound image was used to assess the place of the solution introduction (intraneural or not). If necessary the
position of the needle end was corrected under ultrasound guidance.

Under the ultrasound guidance the needle was applied to the nerve trunk until the muscle response of the ap-
propriate muscle group. Upon the receipt of the muscle response after the aspiration test, the injection of local
anesthetic in the fascial sheath of the sciatic nerve was carried out. Considering that the most effective blockade
of the sciatic nerve in popliteal area [10] and subgluteal area [11] is reached in the propagation of local anes-
thetic along the entire circumference of the sciatic nerve, under the control of ultrasound imaging, if necessary,
correction of the position of the injection needle to spread local anesthetic solution along the entire circumfe-
rence of the sciatic nerve was carried out. An important factor for the time of closure of the popliteal sciatic
nerve is the place of local anesthetic solution access (extrapareneural, intraparaneural, intraepinerual) [12]-[15].
We used the introduction of local anesthetic under the common epineural sheath. According to the data of Kar-
makar M. K. et al. the paraneural sheath was distinct from the epineurium, better delineated after the injection of
local anesthetic, and enveloped not only the sciatic nerve but also the common peroneal and tibial nerves sepa-
rately [15]. Figure 1 depicts the sciatic nerve in the popliteal fossa after administration of 30 ml of local anes-
thetic. It can be seen that local anesthetic is distributed along the entire circumference of the sciatic nerve.

Figure 2 shows the same sciatic nerve distal to the injection point in the popliteal fossa. The sciatic nerve is
divided into the common peroneal and tibial nerves. It should be noted that the solution of local anesthetic ex-
tends only along each nerve and extends along the entire circumference of each of them. These images display
that the solution of local anesthetic is spread in the paraneural sheath which corresponds to the data provided by
M. K. Karmakar et al. [15].

All blocks were performed by one anesthetist.

The introduction of the solution was defined as the zero point for time control. In all cases the patients under-
going limb surgery had additional blockades of the femoral nerve [8]. The blockade of the femoral nerve was
performed with 1% lidocaine with 20 ml of epinephrine addition (1:200,000). In one case 25 ml of local anesthetic

Figure 1. Sciatic nerve in the popliteal fossa after his 30 ml of anesthetic
blockade (prior to division): SN—sciatic nerve; LA—Ilocal anesthetic. Right

lower limb.
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Figure 2. Spread of local anesthetic along the sciatic nerve (distal) in the
popliteal fossa (after division): LA—Ilocal anesthetic; PA—popliteal artery;
TN—tibial nerve; CPN—common peroneal nerve. The same patient. Right
lower limb.

solution was used during the surgery to treat the arthroscopy of knee joint (Group A) The quality of the femoral
nerve blockade or of the branches of the lumbar plexus (obturator, lateral femoral cutaneous nerve and femoral
nerve) was evaluated once (after 25 minutes).

The primary endpoint was the time to develop a complete sensory block.

The evaluation of cutaneous sensitivity was carried out every 2 minutes up to 50 minutes of blockade in the
zones of the innervation of the tibial and common peroneal nerves (reaction to prick). The following scale was
used for sensory block assessment: “++” a complete sensory block (anesthesia); “+” an incomplete sensory
block, the patient can not differentiate the type of irritant; “— cutaneous sensitivity is fully preserved. The level
of sensory block in the lower third of the leg, the middle and upper third of the leg was assessed as well. The
evaluation of sensitivity was carried out by an independent anesthesiologist who was not involved in the study.

The secondary endpoint. The evaluation of motor block was carried out every 2 minutes up to 50 minutes af-
ter the injection of local anesthetic, using the following scale: “++” movements are totally absent; “+” move-
ments are preserved partly or are not co-ordinated; “—” movements are fully preserved. A patient was asked to
perform a plantar flexion of the foot (tibial nerve) and a flexion of the foot (common peroneal nerve). The eval-
uation of motor activity was carried out by an independent anesthesiologist who was not involved in the study.

All skin sensitivity tests and evaluation of motor block were performed prior to sedation. A few minutes after
the start of surgery, for sedation, diazepam intravenously administered 10 mg and/or 0.1 mg of fentanyl, de-
pending on the emotional state of the patient.

Statistical data processing was performed using the program Statistica 7.0. When choosing the number of pa-
tients in the groups we considered the data of P. Cuvillon et al. which show that it is enough to have 20 people
in the group to conduct such research [16]. The primary endpoint was the time to complete the development of
sensor unit. The comparison of two groups was performed using the nonparametric Mann-Whitney test. The da-
ta are presented as median and quartiles (25th and 75th percentiles). The differences between groups were con-
sidered statistically significant at p < 0.05.

The research was carried out with the permission of Ethics Committee at Health Care Institution “Mogilev
Regional Hospital”, protocol No.3/C dated 2 Aug 2010.
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3. Results

In Group A (subgluteal approach) a complete sensory block (++) developed in 15 (14 - 16) minutes, in Group B
(popliteal approach) a complete sensory block developed in 40 (38.5 - 42.5) minutes (Table 1). Thus, the de-
velopment of a complete sensory block was faster in Group A compared with Group B. The groups displayed
significant differences at p < 0.01 (p = 0.000). In Group A motor block in all cases was complete (++) and de-
veloped during 15.5 (15 - 17) min. In Group B all patients’ motor block of the sciatic nerve was assessed as in-
complete (+).

In Group B the quality of sensory block ++ was defined at the level of the lower third of the leg, ankle and
foot of 6 patients. In 14 patients the sensor unit ++ evolved within the foot, ankle, lower and middle third of the
leg. In Group B the quality of sensory block ++ at all levels of the tibia was not noted. In Group B the level of
sensory block of the sciatic nerve was sufficient to carry out surgery in the area of foot and ankle. Additional
administration of analgesics during surgeries was not required.

In group A complete sensory block (++) at all levels of the tibia was noted in all patients. In group A com-
plete motor block occurred in all patients. Complications of anesthesia were not.

4. Discussion

In 2008, N. Moayeri et al. published a paper on the study of the quantitative architecture of the brachial plexus
which suggests that the increase in the amount of connective tissue in the distal brachial plexus should lengthen
the development of anesthesia performed in the distal parts in comparison with the blockade in the proximal part
of the brachial plexus [17]. N. Moayeri et al. state that the use of large volumes of local anesthetic for brachial
plexus block masks this effect [17]. The data received by S. Riazi et al. show slower development of motor and
sensory blocks with a small volume of ropivacaine (5 ml) compared with 20 ml of ropivacaine for brachial
plexus blockade [18] and thus confirm the hypothesis of N. Moayeri et al.

N. Moayeri et al. hypothesize that the blockade of the sciatic nerve in the popliteal area requires a larger
minimum dose of local anesthetic than the proximal blockade [4]. Probably, the observed values may explain
the differences seen in minimum effective anesthetic volume (MEAV) and in onset time at different levels of the
sciatic nerve [4]. As indicated by N. Moayeri et al., their assumptions need clinical confirmation [4]. It is also
suggested that the time of development of anesthesia for the same amount of local anesthetic should lengthen
when the distal blockade is being performed because connective tissue is the main obstacle to the diffusion of
anesthetic to axons [4]. Indirectly, the hypothesis by N. Moayeri et al. about the amount of connective tissue as
the principal obstacle to the diffusion of local anesthetic blocking the sciatic nerve was previously confirmed in
our study where we proved that while performing the posterior blockade of the sciatic nerve under ultrasound
guidance the reduction of the amount of 0.75% ropivacaine solution from 10 ml to 5 ml significantly increases

Table 1. Characteristics of the groups under study.

Group A Group B
Characteristics of groups (subgluteal approach) (popliteal approach)
n=20 n=20

Age, years 35(30-39.5) 34 (28.5 - 40)
Body weight 81.5 (76 - 87) 79.5 (75 - 87.5)
Gender (m/f) 14/6 12/8
Type of surgery:
1) osteosynthesis of tibia (the middle and 10 0

upper thirds) 5 20
2) osteosynthesisrelated to malleolar fracture 1 0
3) arthroscopyofkneejoint 4 0
4) extrafocalosteosynthesisof tibia
Additional intravenous introduction of
fentanyl in the course of surgery 0 0
Additional local (infiltration) anesthesia in the 0 0

area of surgery
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the time of the development of complete sensory and motor blocks [19].

Our data acquired for lidocaine confirm the results obtained by M. Taboada et al. for ropivacaine and
mepivacaine which indicated the increase of the time of the popliteal sciatic nerve blockade [6] [7]. It should be
noted that in all of the studies performed blockade efficiency was low and required additional pain relief for
patients during surgery [5]-[7]. This, in our opinion, is due to the implementation of blocks without using
ultrasound imaging. The study by S. Robards et al. using ultrasound guidance states that when applying
electrical stimulation of the sciatic nerve in the popliteal fossa in 83% cases motor block was obtained with the
intraneural injection of local anesthetic [20]. All patients in the study group provided motor responses to the
stimulation by the current of 0.4 mA and the subsequent ultrasound images indicated intraneural administration
of local anesthetic solution [20]. As in the studies by M. Taboada et al. ultrasound visualization was not used we
cannot exclude intraneural administration of local anesthetic which led not only to the development of a
complete motor block but also determined faster development of anesthesia while performing the popliteal
sciatic nerve blockade with 0.75% ropivacaine solution (26 £ 10 min) [5] in contrast to our study where the
application of 30 ml of 1% lidocaine during the development of sensory block was 40 (38.5 - 42.5) min. In our
study we used electrical power of 0.4 mA. It does not allow the exclusion of the intraneural administration of
local anesthetics, but the use of ultrasound guidance helps to avoid intraneural injection of local anesthetic.

The data obtained by M. Taboada et al. [21] demonstrate that the blockade of the sciatic nerve in the popliteal
fossa with 20 ml of 0.75% ropivacaine evolved longer (26 £ 10 min) than while applying the rear approach
(Labat) (12 + 6 min). But these figures contradict the data obtained by P. Cuvillon et al. whoshowed that in case
with the blockade of the sciatic nerve in accordance with the rear approach with 20 ml of 0.75% ropivacaine a
complete block developed in 40 minutes [16].

Our results do not correspond to the data obtained by A. W. Kilpatrick et al. who did not get any time
differences of blockade [5]. Therefore the data obtained by A. W. Kilpatrick et al. may be questioned because
effective anesthesia of the patients in the popliteal area was 9 effective blockades out of 20 [5]. This poor
performance is linked to the inability to control the spread of local solution along the entire circumference of the
sciatic nerve, and this, according to the earlier obtained data, provides the highest efficiency of the sciatic nerve
blockade [10] [11].

The data acquired by R.Seidel confirm that the introduction of local anesthetic under the epinevry of the
sciatic nerve (popliteal access) involves faster developing anesthesia than the introduction of local anesthetic
extraparaneuraly [22]. Although in this paper the introduction of anesthetic subparaneuraly (“subepimyseal
perineural compartment”) is not discussed, it is described in other studies [15].

N. Moayeri et al. note that the findings of the architectural features of the sciatic nerve at its various sites and
the assumption about the impact of the anatomy of the sciatic nerve on the time of the development of anesthesia
should be cautiously extrapolated to the clinical area [4]. In our opinion, M. Taboada’s results and our data al-
low to extrapolate N. Moayeri’s et al. results to clinical practice more precisely and boldly.

According to N. Moaeri et al. in the popliteal fossa in the deep layers of the sciatic nerve more neural fibers
and adipose tissue contain which slow down the diffusion of local anesthetic [4]. These factors might result in a
later onset of anesthesia in Group B (popliteal access). Nonneural tissue also serves as a reservoir for lipophilic
local anesthetics which requires more local anesthetic for the development of anesthesia [4] [17]. In our opinion,
in our study the absence of a complete motor block in Group B (popliteal access) is related to the use of 30 ml of
1% lidocaine (probably needs more research).

S. Riazi et al. stateth at the use of a smaller volume of 0.5% lidocaine solution (5 ml) in comparison with 20
ml is accompanied by the increased time of the peripheral block development [18]. At the same time P. Gautier
et al. have found out that the time of the development of the blockade of the brachial plexus by the interscalene
access with 20 ml and 5 ml of 0.75% ropivacaine solution is not changed [23]. In the study of S. Riazi et al.
general anesthesia was applied which makes it difficult to assess the development of the blockade. In these
studies different levels of the brachial plexus block are used: in the research by S. Riazi et al. roots level-one
injection; in the study of P. Gautier et al. level of trunks of three injections; S. Riazi et al. evaluate postoperative
analgesia, P. Gautier et al.—surgical anesthesia [18] [23]. Thus, these data are contradictory and can hardly be
compared. Gonzalez et al. consider that in case with the blockade of the brachial plexus by the supraclavicular
access with various volumes of lidocaine but with the same amount (mg) of local anesthetic there is no
difference in the time of the peripheral blockade development [24]. In this study the reduction of local anesthetic
is absent and probably this fact influenced the absence of time difference in the development of anesthesia. In
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other studies when there was a decrease not only of the volume but also of the amount of local anesthetic for the
sciatic nerve blockade there was a difference in time [11]. There are no studies that would compare the time of
closure of the brachial plexus with the application of different approaches of one and the same volume and
amount of local anesthetic.

The reason of an incomplete blockade of the sciatic nerve in group B was probably the change of the ratio
“non-neural and neural tissue” towards the increase of the non-neural tissue of the sciatic nerve. But one of the
factors affecting the quality of blockade is the place of the access of local anesthetic (extraparaneural, intra
paraneural, intraepinerual) [12]-[15]. The fascial cover of the sciatic nerve in the popliteal space has a very thin-
anatomic structure and ultrasound guidance does not allow its differentiation yet. It is not improbable that an
incomplete motor block was caused by the extraparaneural introduction of local anesthetic. But in this case it is
not quite right to state that in all cases under the study it was caused by the extraparaneural introduction of local
anesthetic because the results of the blockades in the group turned out to be comparable according to their effect.
The opportunity to define the place of the introduction of local anesthetic in our research is limited.

For the study we opted for the local anesthetic lidocaine as the most accessible and cheapest local anesthetic
which also has the least effect on ischemic peripheral nerves [25]. In one case in group A the total amount of
lidocaine was 550 mg exceeding the admissible amount by 50 mg. It did not involve any complications. As
noted by P. Cuvillon et al. such an excess of the local anesthetic dose does not lead to any toxic effect [16].

The existing deficiencies in the study include the impossibility of complete blindness. The anesthesiologist
who performed the sciatic nerve blockade knew about the access, the anesthesiologist who rated the quality of
the blockade did not know about the study and did not know about the access to the sciatic nerve.

When you select the level of blockade of the sciatic nerve should take into account the level of anesthetic
blockade popliteal access. Also worth noting is a longer time of anesthesia of the sciatic nerve from the popliteal
access. It can deliver some inconveniences of the surgical team in the form of a long wait.

5. Conclusion

In conclusion, it should be mentioned that this is the first study which involves the comparison of the time of the
development of sensory block of the sciatic nerve with 1% lidocaine with epinephrine (1:200,000) in subgluteal
and popliteal areas under ultrasound guidance. A significant prolongation of the time of the development of
sensory block of the sciatic nerve up to 40 (38.5 - 42.5) minutes in the popliteal fossa in comparison with
infragluteal approach—15 (14 - 16) minutes has been registered. Complete motor blocks of the sciatic nerve
were noted for none of the patients.
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