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Electron microscopic examination of needles used in infraclavicular
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infraklavikiiler brakial pleksus blogunda blok ignelerinin elektron mikroskobik incelenmesi
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Abstract

Aim: The application of peripheral block is frequently used in anesthesia practice. One of the most significant complications of this
procedure is peripheral nerve damage that can develop due to the needles used. The aim of this study was to determine the presence of
tissue residue on the needle and to obtain information about damage to surrounding tissues during this procedure by examining the
needles used in brachial plexus block with electron microscopy.

Methods: This prospective-cohort study included patients who were to undergo forearm or hand surgery in the Orthopedics Clinic under
anesthesia with infraclavicular brachial plexus block performed with 2 different techniques: The local anesthetic agent was administered
to the subclavian artery at 6 and 9 o’clock levels in Group 1 and 2, 6 and 9 o’clock levels in Group 2. The needles used during the block
were preserved in glutaraldehyde solution then examined with electron microscopy. The presence of tissue on the needles was recorded
and statistical evaluations were made.

Results: The needles used in two different techniques of infraclavicular brachial plexus block were examined under scanning electron
microscope. The amount of tissue residue remaining on the needle in Group 1 was significantly less than that in Group 2 (P<0.001).
Conclusion: When it is considered that ultrasound provides a 2-dimensional image, the fewer the number of needle manipulations made
during the procedure of brachial plexus block application, the less damage will be made to the surrounding tissues, thus reducing the
possibility of mechanical nerve damage.

Keywords: Infraclavicular block, Electron microscopy, Neuronal damage

Oz

Amag: Periferik blok uygulamalari anestezi pratiginde siklikla kullanilmaktadir. Bu islemin en 6nemli komplikasyonlarindan biri de
kullanilan ignelere bagli gelisebilecek periferik sinir hasaridir. Caligmamizda brakial pleksus blok islemlerinde kullanilan ignelerin
islem sonrasi elektron mikroskobisi ile incelenerek igne iizerinde kalan doku pargalarinin varhigi ile ignenin islem sirasinda gevre
dokulara verdigi hasar hakkinda bilgi sahibi olmak amaglanmustir.

Yontemler: Prospektif kohort olarak planlanan ¢alismamizda ortopedi kliniginde &n kol veya el cerrahisi yapilacak hastalara farkl iki
teknik ile infraklavikiiler brakial pleksus blogu ile anestezi yapildi. Infraklavikiiler blok; Grup 1°de subklavian arterin saat 6 ve 9
hizasina lokal anestezik verilerek, Grup 2’de subklavian arterin saat 2, 6 ve 9 hizasina verilerek uygulandi. Blok sirasinda kullanilan
igneler glutaraldehit soliisyonunda korunarak sonrasinda elektron mikroskobik olarak incelendi. Igne iizerinde doku varligi kaydedildi,
istatistiksel olarak degerlendirildi.

Bulgular: Infraklavikiiler brakial pleksus blogunda iki farkli teknikte kullanilan ignelerin SEM degerlendirilmesinin yapildig
¢alisgmamizda. Grup 1'de igne iizerinde kalan doku kalintis1 miktar1 grup 2’den daha az saptanmugtir (P<0,001).

Sonug: Ultrasonun iki boyutlu goriintii vermesi goz Oniine alindiginda brakial pleksus blok uygulamalarinda islem sirasinda igne
yonlendirme sayis1 ne kadar az olursa ¢evre dokulara daha az zarar verilecektir dahasi muhtemel mekanik sinir hasar1 olasihig: da
azalacaktir.

Anahtar kelimeler: Infraklavikiiler blok, Elektron mikroskopi, Néronal hasar
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Introduction

Applications of peripheral block are frequently used in
anesthesia practice. Over time, the use of ultrasound has gained a
stronger ground in regional anesthesia applications, in which
various effects such as shortening the time to onset of the block
[1], high rates of block success [2], and postoperative analgesia
[3,4] have been reported. Furthermore, with the use of ultrasound
during the procedure, there are advantages such as reducing the
number of needle manipulations and shortening the duration of
the procedure. There are limited data related to the occurrence
and frequency of neurological complications. In peripheral block
applications, the nerve to be blocked is located with the
neurostimulation technique and ultrasound guidance with the aid
of peripheral block needles. Peripheral block applications, both
with the use of the neurostimulation technique and the use of
ultrasound under current conditions, are performed more safely
and with lower complication rates. However, as ultrasound
provides a 2-dimensional image of the vascular, neural, and
muscular structures together, complications such as vascular
access, direct nerve damage with the needle and intraneural
injection may be seen [5]. It has been reported that fewer needle
manipulations during peripheral block under ultrasound guidance
will reduce the risk of mechanical nerve damage [6,7].

The use of electron microscopy has been helpful for
better understanding of the ultrastructure and associated details
related to peripheral nerves. Findings obtained with electron
microscopy can be of guidance in physiological,
pharmacological, and mechanical complications related to
regional and peripheral blocks [8].

In the current study, two techniques used in
infraclavicular brachial plexus block were compared. The aim
was to evaluate which technique caused less tissue damage
through post-procedural examination of the peripheral block
needles used during the procedures under an electron
microscope.

Materials and methods

This study included 30 patients aged between 18-70
years who were to undergo elective forearm or hand surgery with
infraclavicular brachial plexus block. Patients were excluded
from the study if they did not wish to participate, if they were
pregnant, had neuromuscular disease, a history of infraclavicular
region surgery, nerve damage or neurological disease, bleeding
disorder or coagulopathy, a history of allergy to local anesthetic
drugs, an infection in the needle entry site or any contra-
indications to regional anesthesia.

Block administration protocol

Patients were admitted to the preoperative block room,
intravenous vascular access was obtained from the back of the
hand, through which an infusion of 0.9% NaCl was started at the
rate of 3ml/kg/hour. Throughout the procedure, nasal O,
(2L/min) was administered and patients were monitored with
electrocardiography, pulse oximetry, and non-invasive blood
pressure measurements. All blocks were performed by a single
anesthetist (BB), using a 21-gauge 100 mm peripheral block
needle (Stimuplex® A, B. Braun Melsungen AG, Germany).
During administration of the peripheral block, an ultrasound
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device (Esaote MyLab Five, Italy) with a 10MHz linear probe
was used. The ultrasound probe was placed parasagittally
immediately medial to the coracoid process using the previously
described coracoid technique [9]. After visualization of the
subclavian artery and the surrounding brachial plexus cords, 25
ml of 0.5% bupivacaine was administered to the subclavian
artery at 6 and 9 o’clock levels in Group 1 and 2, 6 and 9 o’clock
levels in Group 2. The duration of the block procedure, time to
onset, and complications such as vascular punction during the
procedure and paresthesia were noted. After completion of the
peripheral block application, the peripheral block needle used
was numbered and prepared for electron microscopic
examination.

Electron microscopic examination of the block
needles

The needles used in the peripheral block application
were fixed in 2.5% glutaraldehyde for 24 hours, washed in
phosphate buffer (pH: 7.4), then dehydrated in increasing
concentrations of acetone. They were then post-fixed in 1%
osmium tetroxide for one hour, washed in phosphate buffer (pH:
7.4), and dehydrated again in increasing concentrations of
acetone. The samples were then attached to metal stubs with
double-sided adhesive bands. Using a BIO-RAD (England)
sputter apparatus, the samples to be examined were coated with
gold at a thickness of 100 Angstrom. The prepared materials
were examined with a Fesem Zeiss Gemini 500 (Germany)
scanning electron microscope. Photographs were taken at x60,
x1000, and x5000 magnification, numbered and examined by
another researcher (OFB). Evaluations were made with respect to
the deformation of the needle surface on the images at x60 and
x1000 magnification. The amount of soft tissue remaining on the
tip of the needle was evaluated under x5000 magnification and
classified using a 5-point Likert scale (1: none, 2: minimal, 3:
moderate, 4: mostly, 5: completely).

Statistical analysis

Data obtained in the study were analyzed statistically
using IBM SPSS v. 22 software (IBM SPSS for Windows, IBM
Corporation, Armonk, NY, USA). Conformity of the data to
normal distribution was assessed with the Shapiro-Wilk test.
Group comparisons of variables showing normal distribution
were made using the Independent Samples t-test. Statistical
parameters were stated as mean and standard deviation mean
(SD) values. For comparisons of variables not showing normal
distribution, the Mann Whitney U-test was applied. Statistical
parameters were stated as median (25%-75% quartiles) values.
The relationships between group distributions of categorical
variables were examined with the Chi-square test and the Fisher
Exact test. A value of P<0.05 was considered statistically
significant.

Results

Scanning electron microscopic evaluation made of the
needles used in 2 different techniques of infraclavicular brachial
plexus block showed that the amount of tissue residue remaining
on the needle in Group 1 was significantly less than that in group
2 (P<0.001). Duration of procedure was shorter in Group 1
(P=0.025). The onset time of the block was less in group 2
(P=0.001) (Table 1). No deformation or breakage of the needle
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surface were determined on the images at x60 and x1000
magnification in either one of the groups (Figure 1). Findings of
tissue residue were observed on all the needles on images
magnified at x5000 (Figure 2). Paresthesia was observed during

the procedure in 2 patients in Group 2.
Table 1: Patient and block characteristics, tissue residue on the needles

| Group 1 Group 2 P-value
Procedure time " min  Median(Q1-Q3) [4.00(3.00-4.00) 4.00(4.00-5.00) 0.025*
Block onset time *min  Median(Q1-Q3) |14.00(13.00-14.00)  12.00(12.00-12.00)  0.001*
Gender® Female n(%) 7(46.7) 5(33.3) 0.456
Male n(%) 8(53.3) 10(66.7)
Tissue residue ° Median(Q1-Q3) |2.00(2.00-3.00) 4.00(4.00-4.00) <0.001*

@ Independent samples t test, b Mann-Whitney U test, ° Chi-Square test, 9 Fisher exact test, * Difference
between the groups is statistically significant; Median(Q1-Q3): Median (25% quartile-75% quartile)
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Figure 1: Images of a Group 1 needle at x60 and x1000 magnification. At x1000

magnification, mostly epithelial residue can be seen on the needle tip
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Figure 2: Electron microscope image of needle tips at x5000 magnification
Discussion

In peripheral blocks administered under ultrasound
guidance, one of the most significant complications is
mechanical nerve damage related to the needles used. When it is
considered that ultrasound provides a 2-dimensional image, the
fewer the number of needle manipulations made during the
procedure of brachial plexus block application, the less damage
will be made to the surrounding tissues, thus reducing the
possibility of mechanical nerve damage.

With ultrasound guidance it is usually difficult to
differentiate neural structures from other soft tissues, and despite
real-time ultrasonographic imaging in clinical practice, it may
not be possible to prevent complications such as contact of the
needle to the nerve and epineurium injury. In the literature
related to peripheral blocks with ultrasound guidance, there are
studies that have reported peripheral nerve damage, unintended
intraneural injections, and the anatomic and histological
properties of these nerves [10,11]. Hara et al. [12] reported the
frequency of unintended intraneural injection as 16.3% in sciatic
nerve block administered under ultrasound guidance in
subgluteal approach. In a study of interscalene and
supraclavicular brachial plexus blocks, Liu et al. [13] reported
unintended intraneural injection at the rate of 17%. In both
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studies, the intraneural injections in these patients did not
reportedly result in clinical neural injury during the postoperative
period. The most likely reason for this was stated as the fact that
intraneural injections were made within the neural connective
tissue and there was no damage to the neural fascicles. In this
study, electron microscope examination of the needles used in
infraclavicular block showed that the tissue residue on the needle
tips, as seen at x5000 magnification in both groups, was of
connective tissue in character.

Previous studies have not shown any superiority
between the methods of single, double or triple injections
[14,15]. Bowens et al. [16] reported that the single injection
technique used in the posterior cord in the infraclavicular block
had high success rates. In accordance with these data in
literature, by examining the block needles used in infraclavicular
blocks achieved with double and triple injections, the effects
formed in the neural structures or soft tissues during these
procedures were evaluated. In the electron microscopic
examination of the needle tips of Group 2 at x5000
magnification, where triple injections were made, a significantly
greater amount of tissue residue was observed on the needle tips.
When the course of the brachial plexus in the upper extremity
and the surrounding soft tissue and the proximity to vascular
structures are taken into consideration, it can be said that if the
number of needle manipulations is reduced during block
application, less damage will be incurred.

In a cadaver study of upper extremity blocks
administered under ultrasound guidance, Sermeus et al. [17]
found the incidence of intraneural injection higher in procedures
performed with a direct approach with ultrasonographic guidance
to the target nerve compared to those performed with a tangential
approach. In the current study, the possibility of needle contact
with the brachial plexus was increased in Group 2, where local
anesthetic agents were administered at 2, 6 and 9 o’clock levels
of the subclavian artery. Especially in maneuvers which consider
the medial cord as the target, the risk of direct contact with the
medial cord increases. Paresthesia was observed in 2 patients in
Group 2 in this study.

Limitations

Limitations of this study include the lack of histological
examination of tissue residues at the tip of the needle. Further
randomized controlled studies may be planned in the future.

Conclusion

In peripheral blocks administered under ultrasound
guidance, it is recommended to use additional techniques such as
real-time peripheral nerve stimulator, injection pressure
monitorization and hydro-localization to reduce the incidence of
intraneural injection. Decreasing needle manipulations will
prevent damaging of the surrounding connecting tissue and
lessen the possibility of the needle causing mechanical damage
in the peripheral nerves.
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