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Abstract

Intraneural introduction of local anesthetic belongs to the existing complications of peripheral
nerves blockades. The damage of peripheral nerves is associated with the damaging effect of the
injection needle and with the pressure caused by the introduction of local anesthetic. Purpose:
Determine the pressure of the local anesthetic in fascial compartment of the sciatic nerve during
his administration in the blockade of the sciatic nerve subgluteal access. Materials and Methods:
Submitted blockade of the sciatic nerve subgluteal access in 22 patients with peripheral nerve
electrostimulation under ultrasound guidance. To measure interstitial pressure system was used
with the inclusion of a probe invasive blood pressure. Results: During the introduction of 1 ml in
the fascial compartment of the sciatic nerve, the pressure of 0.77 psi (40 mmHg) was registered. In
the course of the further introduction of local anesthetic up to 13 ml, the pressure did not alter
validly (p > 0.05) and its average was 40 (35; 45) mmHg or 0.77 (0.68; 0.87) psi. This is the first
study that has allowed to determine the pressure of local anesthetic in the fascial compartment of
the sciatic nerve at the time of its introduction, the blockade of the sciatic nerve subgluteal access
for the first time determined the probable maximum pressure intraneural injection of local
anesthetic. The disadvantage of this study is that it is impossible to measure the pressure of
administration over 5.8 psi (300 mmHg), and the lack of opportunity to assess the intraneural
blood flow in the sciatic nerve during the creation of such pressure.
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1. Introduction

Intraneural introduction of local anesthetic belongs to the existing complications of peripheral nerves blockades
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[1]. The application of electrostimulation of peripheral nerves does not exclude intraneural introduction of local
anesthetic [2]. The damage of peripheral nerves is associated with the damaging effect of the injection needle [3]
and with the pressure caused by the introduction of local anesthetic. Dogs intraneural pressure was measured [3].
The data obtained prove that the nerve pressure higher than 25 psi involves neurologic disorders of the nerve
anatomic structure and neurologic deficit.

Some attempts have been made to define anesthesiologist’s influence on the pressure of local anesthetic in-
troduction while performing blockades of peripheral nerves in vitro [4]. The pressure in the fascial compartment
of the sciatic nerve has not been defined yet. The level of pressure with an unpremeditated intraneural position
of the injection needle is not known as well.

2. Materials and Methods

The research was carried out with the permission of Ethics Committee at Health Care Institution “Mogilev Re-
gional Hospital”, protocol No. 31 dated 14 April 2013. From 21.12.12 to 16.06.13, we conducted a prospective
research to measure the pressure in the fascial compartment of 22 patients while blocking their sciatic nerve in
subgluteal area. In all cases preliminarily a patient’s consent was received.

The age of the patients was 47.4 + 15.9. 7 male and 15 female patients were involved in the study.

All patients had surgeries of traumatic injuries and dysfunctions of lower extremities, removal of metal after
osteosynthesis of foot, shin and ankle.

The exclusion 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 the used local anesthetics
and other drugs, coagulopathy, neurological or neuro-muscle diseases, severe liver diseases, kidney failures, in-
ability to cooperate with the patient.

20 - 30 min before the block 0.5 - 0.8 mg of atropine and 10 mg of diphenhydramine were injected intramus-
cularly. All patients had sedation with 0.1 mg of fentanyl intravenously.

To provide intraoperative anesthesia all blockades of the sciatic nerve were carried out with 15 ml of 0.75%
solution of ropivacaine. 2 ml of the solution filled the system, 13 ml were introduced into the fascial compart-
ment of the sciatic nerve. We applied this volume because earlier we had stated that for an effective blockade of
the sciatic nerve 5 ml of 0.75% solution of ropivacaine [5], or 12.5 ml of 1% solution of lidocaine [6] are
enough. Thus we define the pressure of the introduction for different minimal effective volumes of 0.75% solu-
tion of ropivacaine and 1%solution of lidocaine. Alongside with the blockade of the sciatic nerve the block of
the patients’ femoral nerve was performed.

The measurement of the local anesthetic pressure in the course of the sciatic nerve blockade was carried out in
the following way. Firstly, the system was installed. It consisted of: a) a 100 mm long injection needle (B|Braun
Stimuplex® A, 21G x 4, 0.80 x 100 mm); b) an electrostimulator of peripheral nerves (B|Braun Stimuplex®
DigRC, Germany) which produces electric current pulses with the current frequency 1 - 2 Hz and current
strength up to 5 mA; ¢) a 20 ml syringe with 0.75% solution of ropivacaine; d) an infusional conductor; €) a
stepper infusional pump; f) a sensor of invasive blood pressure and a hemodynamic monitor “Integral” with the
block to measure invasive pressure.

To perform a block we measured the initial blood pressure which was created in the installed system during
the titration of local anesthetic. This pressure was fixed. Then we excluded the pressure of the system from the
further measurements. Later a patient was placed in the prone position. After the management of the operative
site in aseptic conditions with an injection needle connected to the stimulator of peripheral nerves and the sys-
tem measuring the pressure we started the performance of blocks. To verify the needle position ultrasound
guidance was applied, then a test-dose of 0.5 - 1 ml was introduced. The introduction of local anesthetic pre-
ceded with the speed 5 ml per min. During the introduction of local anesthetic through the infusional conductor
the pressure was created in the system and it was fixed by the sensor of invasive blood pressure and reflected on
the screen of the hemodynamic monitor “Integral”. Under ultrasound guidance the spread of local anesthetic was
defined. The interstitial pressure was measured in real-time mode and the data were then noted down in the pro-
tocol of the research and in the Anesthesia Protocol after the introduction of each ml of local anesthetic. At the
same time the value on the monitor was reduced in accordance with the value reflecting the resistance of the in-
stalled system by the formula:

P =P (m)—P(of the system),
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where P stands for the interstitial pressure value, P(a) is the general value of the interstitial pressure and the re-
sistance of the installed system reflected on the screen during measuring procedures, P(of the system) is the
pressure of the system during the introduction of local anesthetic solution.

For visualization of the nerve trunk the ultrasound machine “Aloka SSC400” with the ultrasound transducer
of 7.5 MHz was used. The ultrasound scanning made it possible to control the spread of local anesthetic around
and along the nerve.

Statistical data processing was performed using the program Statistica 7.0. Statistical significance of the dif-
ferences of the average figures was assessed with the help of the nonparametic analysis (Kruskal-WalllisA-
NOVA). The differences between the groups were considered valid with p < 0.05.

3. Results

During the introduction of 1 ml in the fascial compartment of the sciatic nerve the pressure of 0.77 psi (40
mmHg) was registered. In the course of the further introduction of local anesthetic up to 13 ml the pressure did
not alter validly (p > 0.05) (Figure 1) and its average was 40 (35; 45) mmHg or 0.77 (0.68; 0.87) psi (Table 1).
In 7 cases an initial unpremeditated intraneural position of the injection needle was noted. With the introduction
of the local anesthetic solution the pressure of these patients was >5.8 psi (> 300 mmHg). The performance cha-
racteristics of the monitor did not allow the measurement of the pressure higher than 5.8 psi (300 mmHg). In
such cases the position of the injection needle was corrected and local anesthetic was introduced into the fascial
compartment of the sciatic nerve. Thus intraneuraly we did not inject more than 2.5 ml. After the correction of
the injection needle the pressure in the fascial compartment of such patients was 0.58 - 1.2 psi (30 - 60 mmHg).
All 22 patients had complete sensor and motor blockades.

4. Discussion

In 2004 in the article Hadzic et al. [3] displayed the pressure changes depending on the perineural or intraneural
position of the injection needle. The data were <4 and >25 psi. With >25 psi the histological study of the dogs
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Figure 1. Dynamics of the interstitial pressure.
Table 1. Average pressure at each stage of the introduction.
Volume, ml 1 2 3 4 5 6 7 8 9 10 11 12 13
Pressure, mmHg 40 50 50 40 40 40 40 375 425 40 375 40 40
Pressure, PSI  0.77 097 0.97 0.77 0.77 0.77 0.77 0.73 0.82 0.77 0.73 0.77 0.77
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indicated degenerative changes in axons and disorders in the sciatic nerve structure. But the authors did not
measure the pressure in the fascial compartment of the sciatic nerve [3]. Our data have shown that with the
intraneural introduction during the injection of 2.5 ml the pressure was higher than 5.8 psi. We can assume that
the results of our research on the pressure of the local anesthetic introduction into the sciatic nerve are compara-
ble with the data obtained by Hadzic et al. who studied dogs. However, the maximal pressure was not measured
because of the monitor performance characteristics. In our research, the pressure of the intraneural introduction
exceeded the introduction into the fascial compartment of the sciatic nerve by 4.64 - 5.22 psi. Our data were
comparable with the results acquired by Hadzic et al. because the studies had similar conditions (the diameter of
the needles was 21G for people and 25G for dogs, the speed of the local anesthetic introduction was 5 ml/min
for people and 4 ml/min for dogs). At the same time, the data may differ as the human sciatic nerve is larger
than the dog’s sciatic nerve. In the experiment conducted by Hadzic et al. the nerve was obtained surgically and
the needle was sewed into it. At the injection site of the dogs there was no pressure of the surrounding tissues on
the nerve when local anesthetic was introduced. Even if we assume that the sciatic nerve had not been obtained
surgically, the pressure of the introduction for dogs could not be extrapolated to men as the mass of the sur-
rounding tissues is significantly larger than that of the dogs. That’s why the pressure of the intraneural local
anesthetic introduction is probably higher than 5.8 psi (300 mmHg) registered in our study. The performance
characteristics of the hemodynamic monitor did not allow the measurement of the maximal pressure of the local
anesthetic introduction. But it has been definitely stated that this pressure exceeds 5.8 psi (300 mmHg). The
dogs with such pressure during the introduction of the rated dose demonstrated neurologic deficit. In our re-
search the unpremeditated maximal intraneural introduction of local anesthetic did not exceed 2.5 ml. During the
postoperative period complications and neurologic disorders were not registered. Probably with the introduction
of all 13 ml intraneuraly the pressure might exceed 5.8 psi (300 mmHg) which would involve neurologic deficit
during the postoperative period the way it was noted by Hadzic et al.

Gadsden et al. proved that during the interscalene blockade of the brachial plexus which involved the contacts
of the needle with the roots of the brachial plexus the pressure was >15 psi. The comparison of the data acquired
in our study and obtained by Gadsden et al. were not correct as the speed of the introduction in the study by
Gadsden et al. was 10 ml/min and the anatomic architecture of the brachial plexus and the sciatic nerve differ
[71-[9].

This was the first research which allowed the definition of the local anesthetic pressure in the fascial com-
partment of the sciatic nerve while the blockade of the sciatic nerve was carried out in the subgluteal area. It is
the research which for the first time states the probable maximal pressure during the intraneural introduction of
local anesthetic. The drawback of the research is the inability to measure the pressure higher than 5.8 psi (300
mmHg) as well as the impossibility to assess the intraneural blood flow in the sciatic nerve under such pressure.
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