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Highlights

*The Tissue oxygen
saturation  increases  after
peripheral plexus blockade
and may be used as an
indicator for successful block
placement in awake patient.

e Tissue oxygen saturation
monitoring may provide a
highly valuable tool to
quickly evaluate the success
of regional anesthesia of the
upper extremity in clinical
practice.

Abstract

Background:The aim of the study was to investigate whether tissue oxygen
saturation (St02) using the Near Infrared Spectroscopy method (NIRS), is a
reliable and objective method for assessing the adequacy of axillary blockade
and to describe the time course of StO2 changes.

Materials and Methods

The study was approved by the Ethical Committee and met the Declaration of
Helsinki criteria. In this prospective observational study, St02 was measured
in 30 patients scheduled for elective hand surgery under axillary nevre block.
Non-invasive StO2 -monitoring (InSpectra™ StO2, Hutchinson Technology
Inc., Hutchinson, Minnesota, USA) was used in patients before ultrasound
guided axillary brachial plexus blockade and during the first 30 minute of the
blockade.

Results

StO2 measurements were statistically increased in 1st ,5th, 10th, 15th, 20th,
25th, 30th minutes compared to baseline levels (p< 0.05 for all comparisons).
Mean StO2 levels of the hand with axillary brachial plexus blockade were
statistically increased compared the levels of the hand StO2 without blockade
in 15th, 20th, 25th, 30th. minutes (p< 0.05 for all comparisons).

Conclusion

There has been found a significant correlation between tissue StO2 values of
two limbs using NIRS in axillary blockage operations of upper extremity.
Keywords: Brachial plexus, Axillary block, Near Infrared Spectroscopy,
Tissue oxygenation, Regional anesthesia
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Amag: Near-infrared Spektroskopi (NIRS) yontemi kullanilarak doku oksijen
satiirasyonunun (St02), aksiller blokajin yeterliligini degerlendirmede giivenilir ve
objektif bir yontem olup olmadigini ve StO2 nin zaman igindeki degisikliklerinin
tespit etmektir. Gere¢ ve YoOntem Harran Universitesi Arastirma ve Uygulama
Hastanesi Etik Kurul ve hastalarin onayr alindiktan sonra aksiler bolk uygulanan
elektif el cerrahisi planlanan 30 hastada St02 d&lguldu. Non-invaziv StO2 takibi
(InSpectra™ StO2, Hutchinson Technologylnc., Hutchinson, Minnesota, ABD),
hastalarda ultrason kilavuzlugunda aksiller brakiyal pleksus blokaji Oncesinde ve
blokajin ilk 30 dakikasinda kullanildi.

Bulgular: StO2 olgtimleri 1.,5., 10., 15.,20.,25.,30. dakikalarda baslangica gore
istatistiksel olarak artt1 (tim karsilagtirmalar igin p< 0.05). Aksiller brakiyal pleksus
blokaji yapilan elin ortalama StO2 seviyeleri blokaj yapilmayan elin StO2
seviyelerine gore 15.,20., 25., 30. dakikalarda istatistiksel olarak yuksek bulundu.
(tiim karsilagtirmalar icin p< 0.05). Sonug:Ust ekstremite operasyonlarinda uygulanan
aksiller blokajda NIRS kullanilarak iki ekstremite StO2 degerleri arasinda anlamli bir
iligki bulunmustur. )

Anahtar Kelimeler:Brakiyal pleksus, Aksiller blok, Near Infrared Spekstroskopisi,
Doku oksijenizasyonu, Rejyonal anestezi
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SURUCU. M and et alSto2 in the assessment of Axillary block success

Introduction

A peripheral nerve block is one of the blocks commonly used in regional anesthesia. In cases where general
anesthesia poses risks, such as in heart, kKidney, respiratory system diseases, chest trauma, and diabetic
patients, peripheral nerve blocks provide more advantageous conditions (1). The brachial plexus block, which
is one of the most frequently used peripheral nerve blocks, can be used in surgical procedures and pain
management involving the upper extremities. The block is limited to the region innervated by the plexus or its
terminal branches, while the rest of the body remains under physiological control (2). Axillary block is a
technique in which the brachial plexus is blocked in the axillary area. The brachial plexus nerves, along with
the axillary artery, are located in an easily accessible position in the axilla. Due to its anatomical structure, it is
more reliable and easily accessible, which makes it more easily accepted by the patient. Axillary brachial
plexus block has fewer side effects, is easy to perform with ultrasound, and has a high success rate (3).

The measurement of the success of peripheral nerve blocks is a subject of discussion and generally relies on
patient-based traditional methods. However, multi-purpose technigques have been discussed in recent literature
for the success of peripheral nerve blocks. These techniques include perfusion index (PI), plethysmographic
variability index (PVI), non-invasive tissue hemoglobin monitoring (SpHb), tissue oxygen saturation (St02),
tissue hemoglobin index (THI), and body temperature (4-8).

Near-Infrared Spectroscopy (NIRS) is a technique that non-invasively measures the oxygenation of biological
tissues such as muscle tissue, providing relatively low-cost information. It works based on the principle that
near-infrared light at different wavelengths (680-800 nm) is absorbed to varying degrees by oxygenated and
deoxygenated hemoglobin molecules in the measured area, and the ratio of oxygenated hemoglobin to total
hemoglobin is expressed as a percentage. It provides local oxygen saturation during measurement. It is
analyzed to determine the ratio of oxygenated hemoglobin to total hemoglobin and expressed as a percentage,
known as StO2 (6).

We defined our hypothesis as the local effects generated by successful upper extremity peripheral nerve blocks
leading to detectable increases in tissue oxygen saturation levels measured by the NIRS method. In line with
our hypothesis, we aimed to determine whether the changes observed with axillary block using the NIRS
method affect microcirculation and tissue oxygen saturation and also investigate whether NIRS is a reliable
and objective method for assessing the adequacy of peripheral nerve blocks.

Material and Method

A total of 30 patients between the ages of 18 and 65, classified as ASA (American Society of
Anesthesiologists) I-1l, who were scheduled for hand, forearm, and arm surgery, were included in our
hospital's study. Patients who did not want to participate in the study, those for whom axillary block was
contraindicated, those who were unable to cooperate, those with renal or liver failure, pregnant and lactating
women, anemic patients and patients classified as ASA 111-1VV-V were excluded from the study. Anesthetic
procedures were performed by the same anesthesiologist. Starting at midnight before the operation, all patients
were instructed to refrain from oral intake, and a balanced electrolyte solution (Isolyte®) was initiated at a rate
of 2 ml/kg/hour. Sedation was not administered to the patients on the morning of the surgery. Prior to the
procedure, an 18-20 G intravenous catheter was inserted into the dorsum of the hand or antecubital region of
each patient, and volume replacement was performed with 10 ml/kg of 0.9% isotonic NaCl solution. Standard
monitoring (ECG, SpO2, and non-invasive arterial blood pressure) was performed. Baseline systolic arterial
blood pressure (SAB) and heart rate (HR) were recorded. NIRS probes were placed on the palm (thenar
region) of both the upper extremity to be blocked and the other extremity (thenar region), and baseline StO2
was recorded. The arm was positioned in 90 degrees of abduction for the axillary region and in a position
creating a 90-degree angle with the arm for the forearm. After necessary sterilization procedures were
performed in the axillary region and the block site was covered with sterile drapes, axillary artery palpation
was performed. Using a portable ultrasound device (MyLab™Sat portable ultrasound, Italy) with a frequency
range of 2-18 MHz (MyLab™Sat Linear Probe, Italy), a 4 cm linear ultrasound probe was placed above and
below the palpated area in contact with a neurostimulator (StimuplexDig®, B. Braun, Germany) attached to a
22G 50 mm electrically insulated needle (Stimuplex®, B. Braun, Germany). The in-plane technique was used
to inject equal volumes (10 ml) of the prepared solution around each nerve after providing a motor response of
0.2-0.5 mA electrical stimulation to the terminal branches of the brachial plexus (median, ulnar, radial, and
musculocutaneous) and observing sufficient muscle contraction following the aspiration test. For the block, a
total of 40 ml of local anesthetic (LA) solution was prepared, consisting of 24 ml of 0.5% bupivacaine and 16
ml of 0.9% saline solution. All patients received a total of 40 ml (24 ml of bupivacaine and 16 ml of 0.9%
saline) from the prepared solution.
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After the completion of the axillary block, sensory and motor blocks were evaluated every 5 minutes within
the first 30 minutes. Additionally, SpO2, heart rate, non-invasive arterial blood pressure, and StO2 were
recorded every 5 minutes. The block onset time was considered to be 30 minutes. At the 30-minute mark,
sensory block level was evaluated using the pinprick test, and motor block degree was assessed using the
Bromage scale. Subsequently, patients were allowed to proceed with their surgical procedures.

Statistical Analysis

The numerical data obtained in the study were expressed as mean * standard deviation, while categorical data
were presented as percentages and frequencies. SPSS Version 24 software was used for statistical analysis.
Compliance of numerical data to normal distribution was tested with Shapiro-Wilk test. Furthermore, the
Wilcoxon test was used to compare the non-normally distributed variables between the block group and the
control group, while the Freidman test was used to compare the measurements obtained at different times
(intragroup comparison).The data were presented in tables as mean and standard deviation, with a significance
level of 0.05.

Results

A total of 30 individuals were included in the study, of whom 19 (63.33%) were female and 11 (36.66%) were
male (Table 1). Meanagewas 42.5 + 11.53 years. In all patients, it was determined that the performed nerve
block was effective for intraoperative anesthesia or postoperative analgesia, and no patient suffered from pain
after surgery.

Table-1. Demographic Data of Our Study

Varaibles n: 30
Age (year), mean 42.5(14.04)
Gender

Male (%) 11 (36.7)
Female (%) 19 (63.3)
ASA

1 (%) 12 (40)
11 (%) 18 (60)
Additional disease

No (%) 12 (40)
Yes n(%) 18 (60)

A significant decrease was found in heart rate measured at different time points compared to the baseline
(Figure 1). When comparing systolic blood pressure measured at different time points, significant decreases
were observed at 1 minute (p = 0.027), 5 minutes (p=0.012), 10 minutes (p=0.011), and 15 minutes (p= 0.05)
compared to the baseline measurements, while there was no significant difference between the other time
points [20 minutes (p= 0.229), 25 minutes (p= 0.333), and 30 minutes (p= 0.259)]. When comparing diastolic
blood pressure measured at different time points, significant decreases were found at 1 minute (p=0.004), 5
minutes (p= 0.003), and 10 minutes (p=0.009) compared to the baseline measurements, while there was no
significant difference between the other time points [15 minutes (p=0.136), 20 minutes (p=0.084), 25 minutes
(p=0.421), and 30 minutes (p=0.118)] in diastolic blood pressure measurements.

Heart Rate
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Figure 1: Average Values of Peak Heart Rate
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When comparing the StO2 levels measured at different time points (1 minute, 5 minutes, 10 minutes, 15
minutes, 20 minutes, 25 minutes, and 30 minutes) on the side where axillary block was not performed, no
significant difference was found compared to the baseline values (p=0.151, p=0.171, p= 0.42, p= 0.151, p=
0.511, p=0.215, p= 0.093).

When comparing the StO2 levels measured at different time points (1 minute, 5 minutes, 10 minutes, 15
minutes, 20 minutes, 25 minutes, and 30 minutes) on the side where axillary block was performed, significant
differences were found at 15 minutes (p=0.005), 20 minutes (p=0.003), 25 minutes (p=0.001), and 30 minutes
(p= 0.001) compared to the baseline values and compared to the contralateral non-blocked side. The StO2
values measured at those time points were significantly higher. Statistically, the mean StO2 values on the
blocked side were significantly higher than the contralateral side at 15 minutes, 20 minutes, 25 minutes, and
30 minutes (p < 0.05) .

Changes in Tissue Oxygenation After Peripheral Nerve Block

Statistically, the mean StO2 values were significantly higher on the blocked side compared to the contralateral
side at 15 minutes, 20 minutes, 25 minutes, and 30 minutes (p < 0.05). The mean StO2 value on the blocked
side was 85.7 at 1 minute, while it was 84.2 on the other arm. At 30 minutes, the mean StO2 value on the
blocked side increased to 88.2, whereas it was 80.4 on the other arm (Figure 2). No complications or adverse
effects were observed in our study.

Tissue Oxygen Saturation
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Baseline 1.min 5.min 10.min | 15.min(*) | 20.min(*) | 25.min(*) | 30.min(*)
== St0O2 Blocked 82,6 85,7 86,9 86,9 86,8 87,2 87,7 88,2
aJ=5t02 Control 82,1 84,2 83,1 83,1 81,6 81,1 81,1 80,4

(*): The mean StO2 values were significantly higher on the blocked side at the indicated minutes (p < 0.05).
Figure 2: StO2 Values in Blocked and Non-Blocked Arms

Discussion

The aim of our study was to evaluate the effects of changes induced by axillary block on microcirculation and
tissue oxygen saturation using the NIRS method and to measure the success of the block. In our study, in the
extremity where the axillary block was performed, the tissue oxygen saturation value measured at 15,20,25
and 30.minutes was found to be significantly higher compared to the baseline and the non-blocked extremity.
Regional anesthesia is a commonly preferred anesthesia technique in upper extremity surgery due to its many
advantages. These advantages, such as minimal analgesic and antiemetic consumption, shorter recovery room
and hospital stays, facilitated pain control transition, increased blood flow in the extremity, theoretically lower
frequency of reflex sympathetic dystrophy, less urinary retention, and no need for tracheal intubation (9).

The fundamental requirement for a successful block in regional anesthesia is the proper application of the LA
around the nerve tissue. (10, 11).Successful peripheral nerve blockade results in local vasodilation, increased
local blood flow, and some increase in skin temperature due to sympathetic fiber blocking.Since it can be used
to evaluate arterial vasodilation caused by sympathetic blockade after peripheral nerve block, as well as to
measure the increase in blood, this method may be the primary method of choice to evaluate flow rate and
block efficiency. At this point, numerical values such as StO2, PI, and PVI become important for objectively
measuring block success. Assessing block success in a more objective manner prevents unnecessary opioid
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administration and unnecessary general anesthesia. This will ensure that surgical durations do not
unnecessarily extend and that additional costs are not incurred. NIRS reflects changes in vasomotor tone that
vary between patients; therefore, block adequacy can only be assessed by determining the NIRS rate of
increase from baseline (12).

There are not many studies in the literature regarding the use of NIRS in the field of regional anesthesia.
Okano et al. (13) investigated the effects of NIRS on the success of stellate ganglion block. They concluded
that NIRS had successfully confirmed the stellate ganglion block.

Tsai et al. performed brachial plexus blocks (interscalene, supraclavicular, infraclavicular, and axillary) in 15
patients undergoing elective upper extremity orthopedic surgery and examined regional oxygen saturations in
both extremities (operated extremity and healthy extremity). Although there was no difference at baseline,
approximately 15% increases in oxygen saturation were observed in the blocked extremity starting in the 5th
minute, and these increases were considered statistically significant (14).

Tighe et al. conducted a similar study to Tsai et al. They performed peripheral nerve blocks (cervical
paravertebral nerve block, femoral nerve block, infraclavicular nerve block, and sciatic nerve block) in 40
elective patients undergoing surgery on the extremity and attempted to measure their effectiveness and
differences compared to the other extremity using the NIRS method at 5-minute intervals. The initial StO2
values were found to be high in both extremities, and as the block became effective, the values started to
increase (15).

Tsai et al. applied interscalene, supraclavicular, infraclavicular, and axillary block techniques for brachial
plexus blocks (14). The LA they used and the dosage administered showed similarities to our study. Tighe et
al., on the other hand, performed upper and lower extremity plexus blocks (cervical paravertebral nerve block,
femoral nerve block, infraclavicular nerve block, sciatic nerve block) (15). Multiple LA were used in different
doses. In our study, we applied a single type of block compared to the two studies conducted on the
effectiveness of peripheral nerve blocks. Our results show similarities to those of Tsai et al.

Karahan et al. conducted a prospective observational study in which StO2 measurements were performed in 40
patients scheduled for elective hand surgery under infraclavicular block. StO2 measurements were taken
before and during the first 30 minutes of the infraclavicular brachial plexus block under ultrasound guidance.
Median StO2 values significantly increased by 4.5% at 5 minutes, 5.5% at 30 minutes, and an average of 1%
between 5 and 30 minutes compared to the baseline values on the blocked side (16).

In the study by Topcam et al., the effects of local infiltrative anesthesia and supraclavicular brachial plexus
block on tissue oxygenation and fistula patency were investigated in arteriovenous fistula surgeries. The
patients undergoing arteriovenous fistula surgery were divided into two groups. Group L (n = 30) received
local infiltrative anesthesia, while group B (n=30) received supraclavicular brachial plexus block. NIRS
measurements of the patients were evaluated from the thenar region of both hands. One month after the
surgery, Tissue oxygenation measured by NIRS monitoring in arteriovenous fistula surgery was found to be
higher in the extremity where brachial plexus block was applied (17).In our studyTissue oxygenation of the
upper extremities with and without axillary block was evaluated using NIRS; StO2 was found to be higher in
the arm where the block was performed compared to the baseline value and the non-blocked side .

Study limitations

Our study was limited in two ways. First, our study was not a randomized and placebo-controlled study.
Instead, the other extremity that did not undergo surgery was used as a control.The volume of the LA solution
was quite high. A total of 40 mL of LA solution, 10 ml for each nerve, which is commonly used as a standard
dose in our hospital, was applied to the blocked area. In extremity peripheral nerve blocks, administration of
low volume and high concentration of LA is associated with a higher success rate and shorter onset time than
high volume and low concentration solution. Therefore, we think that low volumes and high concentrations of
LA may have an effect on axillary block and postoperative analgesia. However, to our knowledge, there is no
study reporting LA dose, LA concentration and LA type in NIRS administration.

Conclusion

After the axillary block, it was determined that measuring StO2 using NIRS is a useful method to evaluate the
success of the block. It was concluded that axillary block application is a successful and reliable method for
patients undergoing upper extremity surgery. It was recommended to include axillary block in routine practice
and use it more frequently in upper extremity surgeries. It was also concluded that further studies are needed in
this regard.
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