COPYRIGHT© 2019 EDIZIONI MINERVA MEDICA

© 2018 EDIZIONI MINERVA MEDICA
Online version at http://www.minervamedica.it

Minerva Anestesiologica 2019 July;85(7):746-55
DOI: 10.23736/S0375-9393.18.13046-X

ORIGINAL ARTICLE

Perfusion Index and ultrasonography
in the evaluation of infraclavicular block

_ Mehmet M. BEREKET !, Bengii G. AYDIN ! *, Gamze KUCUKOSMAN !,
Ozcan PISKIN !, Rahsan D. OKYAY !, Ferruh N. AYOGLU 2, Hilal AYOGLU !

IDepartment of Anesthesiology and Reanimation, Faculty of Medicine, Biilent Ecevit University, Zonguldak,
Turkey; 2Department of Public Health, Faculty of Medicine, Biilent Ecevit University, Zonguldak, Turkey

*Corresponding author: Bengii G. Aydin, Department of Anesthesiology and Reanimation, Faculty of Medicine, Biilent Ecevit Uni-

versity, Zonguldak, Turkey. E-mail: bengukoksal@gmail.com

ABSTRACT

BACKGROUND: It has been reported that noninvasive, objective tests are needed for determining the success of pe-
ripheral nerve blocks because conventional methods necessitate the cooperation of the patient. It is also known that the
brachial plexus block causes vasodilatation and an increase in blood flow due to its sympathectomy effect. Our study
aimed to determine whether Perfusion Index (PI) and measured regional hemodynamic changes using ultrasound were
reliable parameters in evaluating the early success of an infraclavicular block.

METHODS: Forty ASA I-III patients who were administered a successful infraclavicular block were included in this
study. In addition to the baseline hemodynamic measurements, PI and regional hemodynamic parameters, such as bra-
chial artery diameter (BAD), brachial arterial area (BAA), blood flow (BF), end-diastolic velocity (EDV), Resistance
Index (RI), peak systolic velocity (PSV), and time average velocity (TAV) were measured. After completing the block
procedure, all values were rerecorded at the 10th, 20th, and 30t minute. Patients with a successful block during the first 10
minutes were assigned to Group A, while patients with a successful block after the 10t minute were assigned to Group B.
RESULTS: Statistically significant differences were observed for all regional hemodynamic variables and PI after 10
minutes. When the regional hemodynamic data and PI were compared between the groups, differences were identified for
PIL, BF, PSV, EDV, and TAV. Within the measured parameters, EDV was the parameter showing the greatest proportional
change.

CONCLUSIONS: Changes in EDV, especially RI and PI, provide more effective and objective results for the assessment
of early regional block success.

(Cite this article as: Bereket MM, Aydm BG, Kiiciikosman G, Piskin O, Okyay RD, Ayoglu FN, et al. Perfusion Index
and ultrasonography in the evaluation of infraclavicular block. Minerva Anestesiol 2019;85:746-55. DOI: 10.23736/S0375-
9393.18.13046-X)
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Conventional methods such as detection of
sensory block via cold stimulation or pin-
prick test are generally used when determining
the success of peripheral nerve blocks. These
tests are subjective and necessitate the coopera-
tion of the patient.!.2 It has therefore been report-
ed that noninvasive, objective tests are needed
for an accurate determination of success.3

Many regional hemodynamic changes have
been reported in the ipsilateral upper extremity
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following a sensory block. Sympathetic block-
age related to plexus blocks and the resulting
vasodilatation lead to an increased blood flow
within the extremity, which could be used in the
evaluation of block success. In some studies, it
has been shown that regional hemodynamic pa-
rameters, such as brachial artery diameter (BAD,
mm), brachial arterial area (BAA, mm?2), blood
flow (BF, mL/min), end-diastolic velocity (EDV,
cm/s) and Resistance Index (RI), which can be
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measured using spectral Doppler ultrasound,
were significantly changed following the block.4
The Perfusion Index (PI) has been used to evalu-
ate peripheral perfusion dynamics as a result of
changes in the peripheral vascular tone.> Ipsilat-
eral PI has been demonstrated to increase subse-
quent to the block and can be used as a method
to evaluate the success of blocks.¢ However, thus
far, we have been unable to find a comprehensive
study comparing brachial artery measurements
with ultrasound and PI parameters to evaluate
block success.

The aim of our study was to compare the re-
gional hemodynamic data obtained via ultraso-
nography and PI data observed prior to and after
the block that appear as a result of the changes
observed in extremity blood flow in patients un-
dergoing infraclavicular block, and to investigate
their efficacy in evaluating the early success of
the block.

Materials and methods

This study was conducted at the Department of
Anesthesiology and Reanimation, Faculty of
Medicine, Biilent Ecevit University between
July 15,2016 and July 15th, 2017, following the
approval of the Clinical Research Ethical Com-
mittee (meeting No.: 2016-81-29/06) and after
obtaining written informed consent from the pa-
tients.

The study included a total of 40 patients be-
tween 18 and 65 years of age with an ASA status
of I-I1I, who underwent an infraclavicular block
due to elective, unilateral carpal, or cubital opera-
tions, which was evaluated as successful. Those
with a neurological deficit, ipsilateral major vas-
cular trauma, mental retardation, alcohol or drug
abuse, allergy to local anesthetic agent (LAA)
including amide groups, morbid obesity, coagu-
lopathy, chronic analgesic therapy, o and/or P
blocker intake, diabetes mellitus, those who were
pregnant, and those with contraindications to in-
fraclavicular block were excluded from the study.

The demographic characteristics (age, height,
weight, gender) and ASA risk groups of the pa-
tients were recorded.

The patients were taken into rooms at a tem-
perature of 23-24 °C. Prior to the blockage,
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electrocardiographic data (ECG), heart rate
(HR), respiratory rate (RR), noninvasive blood
pressure (from the contralateral arm) (BP), and
peripheral oxygen saturation (SpO,) were moni-
tored. Vascular access was established from the
contralateral arm using a 20-gauge intracath, and
a crystalloid infusion at 10 mL/kg/h was begun.
The patients were administered 0.01 mg/kg of
intravenous (IV) midazolam (Zolamid 5 mg/5
mL, Defarma, Turkey) and 1 pg/kg of fentanyl
(Talinat 0.5 mg/10 mL, Vem Ilag, Cerkezkoy,
Turkey). All patients underwent blockage and re-
ceived 2-4 L/min of oxygen through a face mask
throughout the operation.

In addition to the basic hemodynamic mea-
surements, a pulse oximetry sensor was placed
on the second finger of the ipsilateral upper
extremity (RZ-25 adult, adhesive sensors Ma-
simo SET® Radical™ pulse oximeters, Masimo
Corp., Irvine, CA, USA) to obtain PI measure-
ments. This was connected to a Rad-7™ Pulse
CO-oximetre instrument. A 10- to 18-MHz linear
probe (using an Esaote ultrasound [US] device)
was used to take the patients’ Doppler US mea-
surements.

The basal hemodynamic, US, and PI data were
recorded just prior to the procedure. Doppler US
measurements were obtained by sagittal moni-
toring of the brachial artery from a 2—4 c¢cm prox-
imal aspect of the ipsilateral antecubital fossa.
The B mode US image was optimized, and the
Doppler US mode was switched on. Sample vol-
ume measurements were set to include the whole
of the brachial artery lumen. The Doppler angle
between the blood flow and Doppler line was set
to 30-60 °C. The image was frozen when car-
diac traces were obtained in the form of spectral
waves. To minimize measurement mistakes, five
consecutive cardiac cycles were evaluated. The
borders of the cardiac cycles were drawn. Peak
systolic velocity (PSV, cm/s), EDV, time aver-
age velocity (TAV, cm/s), and RI values were re-
corded. In general, the BAD demonstrates a 10%
difference between systolic and diastolic beats.”
Thus, the end-diastole of the ECG trace of the
initial cardiac cycle was marked using the US
device’s trackball in B mode US. End-diastolic
BAD was measured as the vertical distance be-
tween two lumens of the vessel and was record-

747



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically
or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2019 EDIZIONI MINERVA MEDICA

BEREKET

ed. The BAA was measured automatically by
the US device, and the flow rate was measured
using this TAV area (FR, mL/dk) and recorded.
To standardization the measurements performed
after the procedure, the initial site of the brachial
artery Doppler US measurements was marked
using a skin marker pen. Baseline sensory ex-
amination of the patients was performed using
the pinprick test and recorded.

Following the baseline data recording, the in-
fraclavicular block procedure was begun. The
patients were placed in the supine position with
their heads facing the contralateral side. The in-
jection site was cleaned using povidone iodine.
Prior to the block, US gel was spread over the
linear probe, and it was covered with a plastic
cover. The site of the procedure was covered with
sterile gel, and the longitudinal axis (in-plane)
image was planned to be obtained using US.

The probe was placed 1 cm to the anterior as-
pect of the coracoid process to obtain the sec-
tional image of the axillary artery passing below
the pectoralis minor muscle in the sagittal plan.

For the blocking procedure, 22-gauge, 80-mm
echogenic needles (Stimuplex Ultra, B. Braun,
Melsungen, Germany) with electro-neurostimu-
lation ports were used. When the axillary artery
was visualized via US, 2 mL of lidocaine (Jet-
monal 2%, 20 mg/mL, Adeka, Istanbul, Turkey)
was injected to the planned injection site via cuta-
neous-subcutaneous infiltration. The stimulation
needle to be used for the blockage was connected
to the nerve stimulator concomitantly (Stimuplex
HNS 11, B. Braun). The anode (positive pole) of
the nerve stimulator was connected to the ECG
electrode on the shoulder of the block side.

The stimulation needle was inserted through
the skin and placed in the 6-8 o’clock direction
of the axillary artery using the “in-plane” method
under the guidance of the US probe. The con-
comitant stimulator was turned “on,” and in case
of motor movement at 0.5 mA, a local anesthetic
agent was injected as a single dose following a
negative aspiration test (the test was repeated
after each 5 mL injection of LAA. In case of
a nonresponse with a sufficient current in the
stimulator during the complete positioning of the
needle, in case of a lack of an accurate visual-
ized distribution of the LA solution, and in case
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of resistance or pain observed during injection,
the needle was redirected with minimal move-
ments. As LAA, 10 mL of 2% lidocaine (Jetmon-
al 2%, 20 mg/mL, Adeka) and 20 mL of 0.5%
bupivacaine (Buvasin 0.5%, 20 mL, Vem llag)
were used. Following the complete injection of
the anesthetic agent, the U-shaped distribution of
the solution around the axillary artery was visu-
alized. The chronometer was set as soon as the
needle exited the skin.

All blocks were performed by the same anes-
thesiologist. All measurements and examination
findings were performed by another anesthesi-
ologist and were recorded.

Following the completion of the blockage
(exit of the needle from the skin was accepted as
minute 0), SpO,, mean arterial pressure (MAP),
KAH and PI, TAV, BAD, BAA, AH, PSV, EDV,
and RI were recorded at the 10th, 20t, and 30th
minute.

The duration of sensory loss was evaluated
using the pinprick test, and the quality of the
anesthesia and blockage were evaluated using
the Hollmen scale?® (Quality of anesthesia: 0 =
normal transmission using the pinprick test; 1
= needle sensed less compared to the contralat-
eral extremity; 2 = feeling the needle as a blunt
object; 3 = loss of tactile sense; Quality of mo-
tor block: 0 = normal muscular function; 1 = re-
duced muscular function compared to preblock-
age; 2 = significantly reduced muscular function;
3 = complete motor block).

Quality of anesthesia and quality of motor
block were recorded concomitantly (0, 10, 20,
30 minutes). In the pinprick test, the presence of
pain in the related dermatomes was investigated
using 27-G blunt dental needles. The quality of
the motor block was investigated by evaluating
the movements in the shoulder, elbow, wrist, and
fingers of the blocked extremity.

Patients with a score of at least two from each
quality of the Hollmen scale (quality of anesthe-
sia and quality of motor block), who did not re-
quire additional anesthesia during the operation,
were said to have a successful block. The data of
the patients with a successful block within the
first 10 minutes were assigned to Group A, and
those with a successful block later than the first
10 minutes were assigned to Group B.
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Statistical analysis

The findings were evaluated using the SPSS for
Windows v. 19.0 program package. We exam-
ined the normality distribution of numerical vari-
ables using the Shapiro-Wilk test. Descriptive
statistics were presented by means and standard
deviations or by medians and interquartile ranges
for numerical variables. We presented categori-
cal variables using frequencies and percentages.
Repeated means were compared by ANOVA or
Friedman test prior to post-hoc comparisons. The
Friedman test was also performed to explore the
difference between repeated medians. Two inde-
pendent means were compared using a Student’s
t-test. The relationship between two categorical
variables was investigated using a y2 test. The
ROC curve and Youden Index method were used
to understand the optimal cutoff points of inde-
pendent variables. A P value <0.05 was chosen as
a significance level.

Results

A total of 40 patients who underwent success-
ful infraclavicular block for hand, wrist, ankle,
arm, and elbow operations were included in the
study. Procedure-related or LA injection-related
complications were not observed.

Among the participants, 11 (27.5%) were
female, and 29 (72.5%) were male. The mean
age was 36.4 years, the mean Body Mass Index
(BMI) 25.33 kg/m?2. According to the Holmenn
Scale, a complete block was observed in 11 pa-
tients (27.5%) at the 10t minute, in 37 patients
(92.5%) at the 20th minute, and in all patients at
the 30th minute. There was no significant differ-
ence in demographic characteristics between the
groups (P>0.05) (Table I).

BEREKET

It was observed in our measurements that
early diastolic flow, which typically was initially
negative, was elevated to positive values at the
10t minute following the block (Figure 1).

When the parameters related to success were
examined, it was seen that the greatest percent-
age change was in EDV, BF, PI, and TAV, respec-
tively, and the percent change in 10th minute
values was statistically significant when com-
pared to measured values at other time intervals
(P<0.001) (Table II).

The baseline HR, MAP, and SpO, values were
statistically similar to those measured at 10, 20,
and 30 minutes after blockage. A significant dif-
ference was observed between the baseline of
the regional hemodynamic measurements and PI
and those at 10, 20, and 30 minutes (Table III).

The systemic hemodynamic data were similar
between the groups at the baseline (P>0.05). Re-
garding the useful parameters in early success-
ful blocks, a significant difference was observed
between all parameters except for the BAD and
BAA at the baseline and at the 10t minute be-
tween the groups (P<0.05). Only PI and PSV
were different between the groups with regard
to the initial regional hemodynamic parameters
(P<0.05) (Table IV).

A ROC analysis was performed for the param-
eters that were found to significantly change in
the first 10 minutes. Table V shows the cutoff
value of these parameters.

Discussion

In our study, it was observed that regional he-
modynamic data measured via PI and spectral
Doppler US were effective in evaluating the
success of the block. In particular, EDV, RI, and
PI changes were observed to provide more ef-

TABLE L.—Comparison of demographic data between the groups.

Variables A&?iﬁ%‘;m ?I\rIO:lljll)\ ((}I\r]O:gg]? P value
Mean age, years 36.4+13.13 38.9+14.6 35.5+12.7 0.464
Sex 0.137
Female 11 (27.5%) 5 (45.5%) 6 (20.7%)
Male 29 (72.5%) 6 (54.5%) 23 (79.3%)
BMI. kg/m2 25.33+4.18 26.5+4.66 24.9+4.0 0.27

Data are presented as mean+SD or as number of patients (percentage).
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Figure 1.—Change in the PWD spectral waveform from a triphasic to a monophasic waveform.

TABLE Il.—Comparison of percent changes of parameters measured in time intervals.

Parameters 0-10 10-20 20-30 P value
ATAV 108 (95.1%) 25.8 (45.4%) 3.51 (17.2%) <0.001* xy
ABAD 8.71 (17.6%) 5.72 (14.2%) 6.32 (9.30%) 0.461
ABAA 16.5 (38.4%) 11.1 (32.4%) 13.5 (16.1%) 0.509
ABF 148 (123%) 21.3 (50.0%) 13.0 (21.8%) <0.001* xy
APSV 25.6 (36.5%) 13.7 (27.4%) -2.05 (15.6%) 0.001* vz
AEDV 435 (881%) 47.2 (74.3%) 8.76 (18.6%) <0.001* xy
API 135 (199%) 27.3 (46.4%) 7.47 (23.3%) <0.001* xy
ARI -17.4 (8.80%) -4.45 (12.1%) -2.84 (5.97%) <0.001* xy

PI: Perfusion Index; TAV: time average velocity; BAD: brachial artery diameter; BAA: brachial artery area; BF: blood flow; PSV: peak
systolic velocity; EDV: end-diastolic velocity; RI: Resistance Index: x: 0-10 vs. 10-20; y: 0-10 vs. 20-30; z: 10-20 vs. 20-30.

TABLE UL.—Comparison of the regional hemodynamic characteristics and Perfusion Index of patients

Parameters 0 minutes 10 minutes 20 minutes 30 minutes
PI 2.78+1.67 7.12+2.62% 9.31+3.04* 10.57+£3.24*
TAV, cm/s 10.03+£3.25 20.40+14.29* 24.73+15.24* 25.80+15.60*
BAD, mm 3.86+0.57 4.21+0.53* 4.40+0.52* 4.69+0.56*
BAA, mm? 12.1043.63 14.11+£3.49* 15.40+3.63* 17.44+4.14*
BF, mL/min 73.20+61.46 170.37+124.14%* 224.95+144.58* 265.25+£171.14%*
PSV, cm/s 36.60+27.53 50.324+33.65%* 54.66+33.21%* 55.544+33.99%*
EDV, cm/s 2.66+3.80 11.85+10.01* 16.49+11.35%* 18.22+12.07*
RI 0.93+0.06 0.77+0.86* 0.70+0.08* 0.68+0.08*

PIL: Perfusion index; TAV: time average velocity; BAD: brachial artery diameter; BAA: brachial artery area; BF: blood flow; PSV: peak
systolic velocity; EDV: end-diastolic velocity; RI: Resistance Index.
*Statistically significant difference compared to baseline value (P<0.001).

fective and objective results in the evaluation of ~ generally assessed using cold stimulation or
regional blocks. the pinprick test to find the sensory block level.
The success of peripheral nerve blocks is  Such tests are subjective and necessitate patient
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TABLE IV.—Comparison of the systemic and regional hemodynamic parameters between Group A (N.=11) and
Group B (N.=29).

Parameters Group 0 minutes 10 minutes 20 minutes 30 minutes P, value

HR Group A 71.7+10.6 70.5+12.4 70.9£12.6 71.4+£12.7 0.214
Group B 77.8£15.8 75.8+14.5 75.9+15.0 75.5+£14.8 0.264
P, value 0.262 0.296 0.413 0.387

MAP Group A 88.8+18.7 90.4+15.2 89.7+18.8 93.6+18.2 0.070
Group B 95.1+14.2 90.6+10.1 91.8+11.4 92.2+12.7 0.032%*a
P, value 0.208 >0.999 0.628 0.820

SpO, Group A 97.6+0.94 97.24+0.99 97.6£1.13 97.3£0.91 0.433
Group B 97.7+1.50 97.3+1.78 97.1+1.68 97.4+1.62 0.009%* b
P, value 0.424 0.412 0.599 0.400

TAV Group A 14.6+12.5 33.0+18.4 33.6£19.0 34.1+£18.8 <0.001%* a.b.c
Group B 8.29+6.01 15.6+8.82 21.4+12.3 22.4+13.2 <0.001* a.b.c.de
P, value 0.087 0.003* 0.051 0.076

BAD Group A 3.81+0.49 4.13+0.52 4.254+0.44 4.55+0.42 <0.001%* b.c.e
Group B 3.89+0.61 4.24+0.55 4.46+0.55 4.75+0.61 <0.001%* ab.c.e.f
P, value 0.402 0.659 0.224 0.280

BAA Group A 11.5+3.17 13.6+3.30 14.3£2.96 16.3£2.89 <0.001* c.e
Group B 12.3+£3.83 14.3+£3.60 15.9+3.79 17.9+4.50 <0.001%* ab.c.e.f
P, value 0.405 0.650 0.209 0.282

AH Group A 97.3+72.7 271+163 295+177 3384201 <0.001* ab.c.ef
Group B 64.1£55.3 132+80.4 198+123 238+153 <0.001*a.b.c.def
P, value 0.177 0.007* 0.163 0.108

PSV Group A 56.8+34.8 75.9+42.1 74.3+40.9 73.0+40.6 0.017%ab
Group B 33.1+21.5 40.6+24.3 47.2427.0 48.94+29.2 <0.001* ab.c.de
P, value 0.044* 0.008* 0.076 0.102

EDV Group A 3.75+5.82 21.4+13.8 23.4+15.1 25.1£14.9 <0.001%* a.b.c
Group B 2.2542.72 8.22+4.68 13.9+8.52 15.6£9.92 <0.001%* ab.c.de
P, value 0.347 0.001%* 0.049* 0.056

PI Group A 3.83£1.92 9.11+2.45 10.9+2.70 11.3+3.02 <0.001%* b.c.e
Group B 2.39+1.41 6.36+2.30 8.73+3.00 10.3+£3.34 <0.001%* a.b.c.d.e.f
P, value 0.010%* 0.008* 0.021* 0.302

RI Group A 0.94+0.06 0.73+0.06 0.70+0.06 0.66+0.07 <0.001%* b.c.e
Group B 0.93+0.07 0.7940.10 0.7140.09 0.69+0.09 <0.001%* a.b.c.e
P, value 0.915 0.007* 0.671 0.296

HR: heart rate; MAP: mean arterial pressure; SpO,: peripheral oxygen saturation; PI: Perfusion Index; TAV: time average velocity; BAD:
brachial artery diameter; BAA: brachial artery area; BF: blood flow; PSV: peak systolic velocity; EDV: end-diastolic velocity; RI: Resistance
Index; P, value: within-group comparison; P, value: between-group comparison.

*Statistically significant difference; a 0-10; b 0-20; ¢ 0-30; 410-20; ¢ 10-30; £ 20-30.

TABLE V.—Cutoff value of perfusion index and regional hemodynamic parameters and in the first 10 minutes.

Parameters AUC 95% CI P value Cut-off Sensitivity Specificity
EDV10 0.846 0.719-0.974 0.001 >7.15 100% 55.2%
TAV10 0.806 0.653-0.959 0.003 >24.4 63.6% 86.2%
BF10 0.779 0.616-0.952 0.007 >112.5 90.9% 58.6%
RI10 0.779 0.639-0.919 0.007 <0.795 100% 58.6%
PI10 0.776 0.617-0.935 0.008 >9.2 54.5% 96.6%
PSV10 0.774 0.601-0.948 0.008 >106.3 45.5% 100%
cooperation.l: 2 Regional anesthesia can be pro- Brachial plexus blockage leads to vasodilata-

vided under general anesthesia or deep sedation  tion in the ipsilateral upper extremity and results
in some patients, which may mask complications  in increased blood flow.!0 In the light of this in-
or the failure of the block.? Therefore, noninva-  formation, in our study, we investigated the rela-
sive, objective, independent-observer tests are  tionship between regional hemodynamic chang-
needed.? es after the infraclavicular block and the success
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of the block. The PI, TAV, BAD, BAA, BF, PSV,
EDYV, and RI variables were compared to evalu-
ate the success of the block. We observed that
the PI and spectral wave-measured PSV, EDV,
TAV, BF, BAD, and BAA values were increased,
whereas RI was decreased.

In their study, Li et al.4 reported that there was
no significant difference in systemic hemody-
namic changes following an axillary block. In
our study, we have obtained the same results.
However, there are conflicting outcomes in the
literature on the subject. We believe that these
conflicting results may have arisen from many
factors, such as premedications, the initial pain
status of the patients, and the anxiety formed be-
cause of the procedure.

The spectral wave form is triphasic. The tri-
phasic wave comprises a rapid forward flow dur-
ing systole and a subsequent early diastolic short
retro-flow (protodiastolic flow) and a forward
flow for a variable period during diastole. This
type of circulation with high peripheral vascular
resistance is typical in the extremities.!! 12 In our
study, it was observed that the disappearance of
the retro-flow during early diastole and the spec-
tral wave observed as a switch from a triphasic
wave to a monophasic wave with an increased
diastolic flow were the earliest changes at the
10th minute in regional hemodynamic changes
following a block.

Li et al.* showed that the most significant dif-
ference was observed in the EDV with a 3.7-fold
increase following an axillary brachial plexus
block. In the same study, this increase was re-
ported at the 5t minute. In another study inves-
tigating the regional hemodynamic changes in
the radial and ulnar arteries of patients undergo-
ing primary palmar hyperhidrosis due to a tho-
racic sympathetic block, EDV was reported to
be significantly increased.!3 In our study, EDV
was observed to be the parameter with the most
significant change following the block at the 10t
minute (3.45 times). The cutoff value of EDV
was found >7.15 for early success.

PI is a parameter that reflects the strength of
tissue perfusion by calculating the relationship
between pulsatile (arterial blood) and nonpulsa-
tile (venous blood or tissue blood) light in the
pulse oximeter.5 14, 15 The output volume, skin
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temperature, and vasomotor tonus are the main
factors that affect the PI, and the blood flow
within the monitored area affects PI measure-
ments.!¢ In the study evaluating the effect of
infraclavicular block on regional perfusion, an
infraclavicular block was shown to increase the
brachial artery BF and PI, and PI significantly
increased at 5 min post-blockade in the blocked
limb, from 4+3 to 945 (2.25 times).!” In the study
of Kus et al.¢ investigating the efficacy of PI in
the assessment of infraclavicular block success,
PI was shown to increase by 1.94 times at 10
minutes after the block. In the succesful group,
10-, 20-, 30-minute percent change of the PI was
statistically higher when compared with the ini-
tial value (P<0.001). In our study, the increase in
PI was 2.56 times at 10 minutes and also percent
changes of Pl measured in the time interval of
0-10th min were statistically higher than the time
interval of 10-20 minutes (P<0.001).

Abdulnasser et al.!8 showed that PI at 10 min-
utes was a good measurement to predict supra-
clavicular block success with a cutoff value >3.3.
In our study, the mean PI value measured in pa-
tients with a successful block after the 10t min-
ute was determined to be 6.4+2.3 with a cutoff
value >9.2. We believe this difference in cutoff
values may be because the two studies were per-
formed using different nerve blocks.

Iskandar et al.10 showed that brachial artery
BF after 30 min. following an interscalene
block increased from 32 (18-46) mL/min to 88
(59-98) mL/min (2.75 times, P<0.01). A similar
increase was observed by Ebert et al.!9 in their
study following an axillary block (1.9 times).
This increased BF in the ipsilateral side was
said to shorten the period of improvement, es-
pecially in patients undergoing a venous fistula
operation due to terminal stage renal failure, in
addition to those undergoing microsurgery.20
Shemesh et al.2l. 22 reported that a brachial
plexus block provided venous and arterial vaso-
dilatation and increased the success rate in AV
fistula operations. In our study, the mean values
of the brachial artery BF volume were found to
be increased by 2.32, 3.07, and 3.62 times at the
10, 20, and 30 minutes, respectively, similar to
the literature.

Previous studies have demonstrated a sig-
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nificant increase in BAD and BAA following a
brachial plexus blockage starting at the 10th min-
ute.4 19 In our study, BAD and BAA were found
to be significantly increased by the 10th minute,
but BAD and BAA were not effective in reveal-
ing the early success of the block (P>0.05).

Normally, there is a 10% difference between
the systolic and diastolic brachial artery diam-
eter.23 We took the BAD measurements at the
end of the diastoles. Mistakes, especially in the
vessel diameter, would lead to a second-degree
exponential mistake when calculating the ves-
sel area, and a third-degree exponential mistake
when calculating the flow volume.2> Further-
more, an observer-related difference may be
seen in the measurements. In their study, Li et
al.# investigated regional hemodynamic chang-
es following axillary blockage, and 1520% of
the changes in BF were observed in observer-
related measurements. Therefore, all measure-
ments were performed by the same observer
in our study, and the first site of measurement
was marked to ensure the same measurement of
each site. BF measurement, on the other hand,
is not only related to the diameter but changes
proportional to the flow rate and, thus, we be-
lieve it is a rather objective parameter compared
to the BAD and BAA.

Li et al# showed that PSV was significantly
increased at the 10t minute (1.36 times) but
demonstrated no significant increase at the 5th
minute in contrast to other parameters. In our
study, PSV was observed to increase link in pre-
vious studies, and a 1.37-fold increase was ob-
served at the 10t minute. These findings make
us expand the use of PSV as an early indicator of
block success.

Studies have reported significantly increased
TAV starting at the 10th minute.# 7 In our study,
TAV was the most increased parameter after
EDV, PI, BF, and PSV. It increased by 1.03,
1.46, and 1.57 times at 10, 20, and 30 minutes,
respectively.

As discussed previously, all parameters eval-
uated are susceptible to measurement and/or
observer mistakes, except for the PI. However,
parameters that have a rational value, such as
RI, may provide more reliable data. The RI is
calculated using the formula (PSV-EDV)/PSV.24
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Fei et al.’3 showed that the RI of the radial ar-
tery (RA) and ulnar artery (UA) of the patients
after surgery were 0.85+0.05 and 0.9740.07, re-
spectively, while the RI of the RA and UA were
0.57+0.04 and 0.64+0.09, respectively, thus they
had significantly decreased after surgery. The
difference was statistically significant (P<0.01).
In our study, similar decreases in RI were ob-
served. During the literature search, many meth-
ods were used to evaluate the motor block, such
as the Bromage Scale, the Modified Bromage
scale, the Lovett rating scale, and the Holmenn
scale. Loss of cold sensation, loss of vibration
sense, and pinprick tests were also used to eval-
uate the sensory block.25.26 In their study, Galvin
et al.?7 reported the loss of cold sense as a more
sensitive test than the pinprick test in the evalu-
ation of sensory block following an axillary
block. Lee et al.28 designed their durations of
axillary block and sensory and motor blocks ac-
cording to the Hollmen scale. In our study, both
motor and sensory blocks were evaluated using
the Hollmen Scale. To parallel previous studies,
blocks in patients with a score of at least 2 in
both motor and sensory blocks were accepted as
successful.

Limitations of the study

The main limitations of the present study are the
lack of an unsuccessful nerve block group and
the fact that the initial value of PI was different
between the groups, so more reliable values can
be attained by performing studies with a larger
group of patients.

Conclusions

Regional hemodynamic variables and PI showed
a significant change in a successful infracla-
vicular block after the 10t minute. The highest
change was observed in EDV using a spectral
Doppler ultrasound during the evaluation of the
block’s success. However, we think that RI will
be a more objective measurement of the success
because it ((PSV-EDV]/PSV) is a rational value.
If ultrasound cannot be used to evaluate block
success, we think the perfusion index technology
is easily applicable even though it is new.

As subjective methods could be insufficient in
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evaluating block success, and there is the need
for effective time usage in operating rooms, we
believe that RI and PI would provide more effec-
tive and objective outcomes in the evaluation of
regional blocks because they are least affected by
practitioner and measurement mistakes.

What is known

* Traditional methods to evaluate the suc-
cess of blocks requires patient cooperation.

* After successful peripheral nerve block-
ade, changes in the regional hemodynamic
parameters and Perfusion Index can be seen.

What is new

* Hemodynamic parameters such as end-
diastolic velocity, Resistance Index, and Per-
fusion Index monitoring may provide a quick
evaluation for block success.

 Resistance Index and Perfusion Index
appear to be more objective parameters for
evaluating early block success.
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