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a B s t r a c t
BACKGROUND: A nerve block causes various hemodynamic changes in the vessel system. The primary objective of 
the present study is to examine the volume flow values in the brachial artery in the early and late period following an 
infraclavicular brachial plexus block. The secondary objective is to evaluate arterial diameter, forearm temperature and 
other Doppler ultrasound measurements in the late period.
METHODS: An infraclavicular brachial plexus block was performed in ASA class I-II patients aged 18-65 years who 
were to undergo upper extremity surgery. Hemodynamic measurements and the measurement of the Doppler ultrasound 
parameters at five minutes before and five, 15, 30 minutes, 24, 48 hours after the block.
RESULTS: Volume flow was increased at the 30th min after nerve block. A 47.17% decrease in the collected volume flow 
data was noted between the 30th min and 24th hour, and this change was found to be statistically significant. It is also worth 
highlighting the decrease in volume flow at 24 hours and 48 hours, which became closer to the volume flow value at time 
0, but was still relatively higher than the value at time 0.
CONCLUSIONS: The increase in volume flow following a change in the flow morphology after an infraclavicular nerve 
block persists for at least 24 hours. This may be the explanation for clinical advantage in all types of surgery and in par-
ticular after fractures, graft and reimplantation surgery.
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Peripheral nerve blocks are commonly used 
in clinical practice to provide anesthesia and 

analgesia for surgeries involving the extremi-
ties. A nerve block causes various changes in the 
vessel system such as dilation of the arteries and 
veins,1-3 changes in blood flow morphology, fluc-
tuations in the systolic and diastolic flow rates.2 
These changes are likely to be a result of sympa-
thetic block in the relevant extremity.

Although early changes following a nerve 
block have been previously revealed in limited 
number of studies,3-8 in the current literature 

there is no study evaluating the late hemody-
namic changes seen following a nerve block. 
Moreover, we have no information whether these 
changes in the vessel system persist or fade out 
after the effects of nerve block have regressed.

The primary objective of the present study is 
to examine the early and late volume flow values 
of the brachial artery following infraclavicular 
brachial plexus (IBP) block. The secondary ob-
jective is to evaluate arterial diameter, forearm 
temperature and other Doppler ultrasound mea-
surements in the late period.
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proximal to the antecubital fossa. The brachial 
artery was visualized on the sagittal plane and 
USG measurements were performed in the mid-
line of the arterial lumen. After the optimal PWD 
spectral waveform was detected volume flow, 
diameter, peak systolic velocity (Vmax, cm/s), 
end-diastolic velocity (EDV, cm/s), mean veloc-
ity (Vmean, cm/s), time-averaged mean velocity 
(TAVM, cm/s), ratio of Vmax and EDV (S/D), Re-
sistance Index (RI), Pulsatility Index (PI) were 
measured. All measurements were performed by 
the same investigators in tandem at the 5th min, 
15th min and 30th min and at the 24th and 48th 
hour after the block. The first four measurements 
were performed in the block room of the operat-
ing theatre and the last two measurements were 
performed in the Radiology Clinic.

Moreover, in order to ensure the reliability 
and accuracy of the measurements (volume flow, 
EDV and diameter) which was initially record-
ed by the anesthesiologist, same measurements 
were repeated by the independent radiologist for 
the consistency of the ratings. For this procedure, 
a total of six samples were chosen randomly.

IBP block procedure and evaluation of sensory-
motor block

The infraclavicular brachial plexus block was 
performed by the lateral sagittal infraclavicular 
block (LSIB) technique described by Klaastad et 
al.9 Following the administration of bupivacaine 
0.5% 30 mL, the spread of local anesthetic so-
lution was visualized around the axillary artery 
in a “U” shaped manner between the three and 
11 o’clock positions. The maximum bupivacaine 
dosage did not exceed 175 mg according to rec-
ommendation of Turkish Society of Anesthesia 
and Reanimation.10

The sensory block was defined as the “loss of 
cold sensation”, evaluated according to the Ver-
bal Rating Score (100 = normal sensation, 0 = 
no sensation) by placing a ready-made frozen ice 
mold on the forearm dermatome area of the me-
dian, radial, ulnar nerves.

The motor block was tested for each nerve on 
a three-point scale (0 = normal movement and 
power, 1 = motor weakness or paresis, and 2 = pa-
ralysis.). The time of the successful block was de-
fined as the presence of complete sensory block.

Materials and methods

The study was approved by the Ethics Commit-
tee of Clinical Research of Mugla Sıtkı Kocman 
University and the study was registered to AN-
ZCTR clinical trial registry with the protocol 
number ACTRN12619000360112. The study 
was designed as a prospective, observational 
study. The patients between 18-65 years old 
with ASA I-II physical status and scheduled for 
upper extremity surgery under IBP block were 
screened. All patients were informed about the 
study protocol during preoperative anesthesia 
assessment and the patients who were agreed 
to participate in the study were included. A de-
tailed written informed consent was obtained 
both for the block procedure and participation 
to the study. The exclusion criteria were history 
of allergy to local anesthetics, known connec-
tive tissue disorders, neuromuscular diseases, 
skin infection over the injection site, coagu-
lopathy, arteriovenous fistula of the arm, psy-
chiatric disorders, cardiac dysfunction, diabetes 
mellitus, autonomic neuropathy and vascular 
diseases.

Skin temperature measurements

One hour prior to their surgeries, the patients 
were taken to the preoperative “block room” 
which is at 24 °C room temperature. Following 
a standard monitoring with non-invasive blood 
pressure measurement, ECG and pulse oxim-
eter, all patients rested for 15 min in the room 
and then they received IV midazolam 0.02 mg/
kg as premedication of block procedure. The 
skin temperature of patients was measured over 
dorsum of the hand by infrared thermometer 
(Nimomed HNK-IR-01) 5 min before the IBP 
block. After the block performance, the mea-
surements were repeated five more times: at 
the 5th min, 15th min and 30th min in the “block 
room” and 24th and 48th hour in the Radiology 
Clinic. All measurements were done at 24 °C 
room temperature.

Doppler ultrasound evaluation

Patients lied in supine position with both arms 
adducted. A linear ultrasound probe was locat-
ed to the distal one third of the arm, 2 to 4 cm 
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considered as a between subject factor, and inter-
action effect is calculated. A Greenhouse-Geisser 
correction was considered for the interpretation 
of the within-level and interaction effect results, 
since the assumption of sphericity had been vio-
lated. In addition, time-wise lines were plotted 
for each parameter on the same graph to allow the 
visualization of the similarities and differences in 
the variations between variables. Statistical anal-
yses were performed using the SPSS v. 25 (SPSS 
Incorporated, Chicago, IL, USA) software. A P 
value <0.05 was considered statistically signifi-
cant for all tests results in the manuscript.

Results
A total of 40 patients were screened for eligibil-
ity and 18 of them completed the study (Figure 
1). The mean age of the patients was 34.31±5.59 
years (range 25-44 years). The demographic fea-
tures are shown in Table I. The measurements 
which was initially recorded by two investiga-
tors. In terms of the reliability coefficients, the 
inter-rater agreement scores (ICC) revealed a 
very good rating agreement for the randomly 

Sample size

The sample size was calculated with power 
analysis based on the data obtained from a pi-
lot study conducted initially with eight patients 
in total. Based on the proposed hypothesis con-
sidering the standard deviation of 245.4 from 
the pilot study, which expect a 50% decrease in 
Volume Flow between time points four to five, 
the required sample size was estimated with an 
assumption of a type I error of 0.01 and a type II 
error of 0.10, which brings a power of 0.90 (1 - 
β). Accordingly, a sample size of 16 participants 
was deemed necessary, although 18 participants 
were recruited for the study to ensure validity in 
the event of dropouts.

Statistical analysis

The shapes of distribution of the measured vari-
ables were demonstrated using the Shapiro-Wilk 
method. Student’s t-test was used to compare 
gender differences on the outcome parameters, 
and results are presented as mean and standard 
deviation. The randomly selected measurements 
were rated by two independent experts — an 
anesthesiologist and a radiologist - with reliabil-
ity tests utilized to evaluate the level of inter-
observer agreement between the ratings of the 
outcomes. An intra-class correlation coefficient 
(ICC) was deemed appropriate, and was calculat-
ed with a two-way random-effects model with an 
absolute agreement. Agreement coefficients were 
reported with 95% confidence intervals, with an 
ICC value >0.90 indicating a very good agree-
ment between the raters on the measurement. The 
measurements were performed at six time points, 
being at time point 0, referring to the baseline 
measurement, to time point six, referring to the 
measurement at 48 hours. As the primary expec-
tation was that a time-wise variation would be 
observed, especially between time point four (30 
min) and time point five (24 hours), the authors 
decided to make repeated measures analysis of 
variance. Taking steps further with repeated mea-
sures, post-hoc analyses were performed using a 
Bonferroni correction for pairwise comparisons, 
since the within-subject variation in the overall 
model does not entail the specific distinction be-
tween certain time to time. Moreover, gender is 

Figure 1.—Operation chart.

ASA I-II patients 18-65 years of age who admitted to anesthesio-
logy polyclinic due to elective upper extremity surgery (N.=40)

The measurements of the study were done in operation room  
at given timepoints to the patients included in the study (N.=27)

The measurements were done in radiology clinic  
at 24 and 48 hours (N.=18)

-  3 patients excluded due to uncontrolled 
hypertension

-  4 patients excluded due to diabetes mellitus
-  2 patients excluded due to psychiatric disease
-  8 patients did not want to participate to study

Block failure (N.=2)
-  7 patients did not complete the study

Table I.—� Demographics of the patients.
Variable Group Mean±SD

Age Male 36.6±5.1
Female 32.6±6.0

Weight Male 83.6±5.1
Female 71.3±1.0

Height Male 177.1±6.9
Female 167.4±2.7
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Figure 2.—Time wise dispersion of the measured variables by gender.
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chosen variables of volume flow, EDV and di-
ameter between observer one (anesthesiologist) 
and observer two (radiologist). The ICC values 

ranged between 0.836 and 0.965 overall, being 
0.965 for the volume flow, 0.956 for the EDV 
and 0.836 for the diameter observations between 
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and 24 hours, and the post-hoc test results showed 
that the mean volume flow was 359.412±52.628 
at 30 min and 189.882±23.406 at 24 hours, and 
a difference of 169.529 (-0.194, 339.253) with 
a P value of 0.05 showing borderline signifi-
cance. A 50% decrease was initially expected 
to be observes in the volume flow between the 
time points detailed above. Close to our expecta-
tions, a 47.17% decrease in the collected volume 
flow data was noted between the 30th min and 
24th hour, and this change was found to be sta-
tistically significant. It is also worth highlighting 
the decrease in Volume Flow at 24 hours and 48 
hours, which became closer to the volume flow 
value at time 0, but was still relatively higher 
than the value at time 0. The pairwise compari-
sons between the specific time points for volume 
flow variable is shown in Figure 3.

Discussion

Brachial plexus block is a commonly used 
method of anesthesia in upper extremity surgery. 
Hadziç et al. compared brachial plexus block and 

the raters. As a result, the readings in overall in-
dicated a high level of agreement.

The mean difference in the base diameter was 
calculated as 0.055 (0.002-0.11), for the 24th 
hour diameter as 0.058 (0.003-0.115) and for 
the 48th hour diameter as 0.048 (0.002-0.093), 
as shown in Table II below. The Student’s t-test 
results revealed that the most of measurements 
with their time wise ratings did not vary signifi-
cantly (with P values ranging between 0.091 and 
0.982) between males and females. However, 
a gender wise difference was observed for the 
base diameter, the 24th hour diameter and the 48th 
hour diameter (P=0.043, P=0.040, and P=0.041, 
respectively).

According to the repeated measures analysis, 
the mean scores of the following variables dif-
fered significantly between time points, includ-
ing diameter over the time (P<0.001), volume 
flow over the time (P<0.001), EDV over the time 
(P<0.001), RI over the time (P<0.001), PI over 
the time (P<0.001) and SD over time (P<0.05). 
On the other hand, the dorsal hand skin tempera-
ture (P=0.139) and Vmax (P=0.122) values did 
not differ significantly between the time points. 
Moreover, according to the interaction term, the 
time-wise change did not vary significantly be-
tween gender for diameter time (P=0.840; for 
volume flow P=0.537; for EDV P=0.001; for RI 
P=0.889; for PI P=0.874; for SD P=0.515; for 
temperature P=0.179; for Vmax P=0.842. The ef-
fect of gender within the time-wise variation for 
each variation has been shown in Figure 2.

Table II and III details the complexity of the 
changes in parameters over time. The primary 
objective of the present study was to observe a 
50% decrease in volume flow between 30 min Figure 3.—Temporal changes in volume flow.

30 min15 min5 min0 min 24 h 48 h

400

350

300

250

200

150

100

50

0

Table II.—� The changes of variables by time.

Variable -5 min P value
-5 vs. 5 min 5 min P value

5 vs. 15 min 15 min P value
15 vs. 30 min 30 min P value

30 min vs. 24 h 24 hours P value
24 vs.48 h 48 hours

Diameter 0.36±0.06 0.000 0.40±0.06 0.783 0.41±0.08 0.068 0.43±0.07 0.000 0.38±0.06 1.000 0.38±0.05
Volume flow 114.72±75.92 0.001 235.67±156.49 0.009 317.11±197.16 0.637 359.41±216.99 0.050 188.56±93.79 1.000 150.94±71.37
Temperature 35.34±0.43 0.008 35.89±0.62 0.006 36.74±0.50 1.000 36.8±0.54 0.004 35.83±0.34 1.000 37.54±5.34
EDV 5.93±4.70 0.000 18.98±8.59 0.643 26.60±17.10 0.652 31.06±16.52 0.006 10.96±6.00 1.000 10.45±6.84
ri 0.93±0.08 0.003 0.83±0.07 0.317 0.78±0.09 0.278 0.71±0.13 0.002 0.89±0.06 1.000 0.88±0.09
PI 6.78±2.84 0.000 3.11±1.32 0.107 2.28±0.71 0.339 1.91±0.72 0.013 4.12±1.96 1.000 4.00±1.86
SD 25.76±25.81 0.189 6.82±2.20 1.000 5.73±3.79 1.000 4.29±2.67 1.000 18.87±30.16 0.387 12.24±14.09
vmax 90.15±27.25 1.000 100.92±23.30 1.000 106.52±23.18 1.000 108.01±45.34 1.000 101.43±28.22 1.000 88.42±24.22

P values presented here are obtained with pairwise comparison table from the RM-ANOVA test.
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Doppler ultrasound is the basic imaging 
method adopted to evaluate changes in arter-
ies. Each vessel has a specific spectral wave-
form, depending on its anatomical position and 
the organ supplied by that particular vessel. The 
spectral waveforms produced by vascular resis-

general anesthesia prior to ambulatory hand sur-
gery and reported a higher anesthesia score with 
a brachial plexus block that reduced the require-
ment for additional analgesics, and resulted in an 
earlier discharge and a superior side-effect pro-
file.11

Table II.—� The changes of variables by time.

Variable -5 min P value
-5 vs. 5 min 5 min P value

5 vs. 15 min 15 min P value
15 vs. 30 min 30 min P value

30 min vs. 24 h 24 hours P value
24 vs.48 h 48 hours

Diameter 0.36±0.06 0.000 0.40±0.06 0.783 0.41±0.08 0.068 0.43±0.07 0.000 0.38±0.06 1.000 0.38±0.05
Volume flow 114.72±75.92 0.001 235.67±156.49 0.009 317.11±197.16 0.637 359.41±216.99 0.050 188.56±93.79 1.000 150.94±71.37
Temperature 35.34±0.43 0.008 35.89±0.62 0.006 36.74±0.50 1.000 36.8±0.54 0.004 35.83±0.34 1.000 37.54±5.34
EDV 5.93±4.70 0.000 18.98±8.59 0.643 26.60±17.10 0.652 31.06±16.52 0.006 10.96±6.00 1.000 10.45±6.84
ri 0.93±0.08 0.003 0.83±0.07 0.317 0.78±0.09 0.278 0.71±0.13 0.002 0.89±0.06 1.000 0.88±0.09
PI 6.78±2.84 0.000 3.11±1.32 0.107 2.28±0.71 0.339 1.91±0.72 0.013 4.12±1.96 1.000 4.00±1.86
SD 25.76±25.81 0.189 6.82±2.20 1.000 5.73±3.79 1.000 4.29±2.67 1.000 18.87±30.16 0.387 12.24±14.09
vmax 90.15±27.25 1.000 100.92±23.30 1.000 106.52±23.18 1.000 108.01±45.34 1.000 101.43±28.22 1.000 88.42±24.22

P values presented here are obtained with pairwise comparison table from the RM-ANOVA test.

Table III.—� Pairwise comparison for the repeated with Bonferroni adjustment measures (time to time).
Time To compare Diameter Volume flow temp EDV ri vmax PI SD

1 2 0.040* 0.001* 0.008* 0.000* 0.003* ns 0.000* ns
3 0.000* 0.000* 0.000* 0.003* 0.001* ns 0.000* ns
4 0.000* 0.000* 0.000* 0.000* 0.000* ns 0.000* 0.078
5 ns 0.011* 0.027* 0.029* ns ns ns ns
6 ns ns ns ns ns ns 0.078 ns

2 1 0.000* 0.001* 0.008* 0.000* 0.003* ns 0.000* ns
3 ns 0.009* 0.006* ns ns ns ns ns
4 0.000* 0.009* 0.011* 0.001* 0.000* ns 0.002* 0.010*
5 ns ns ns 0.058 ns ns ns ns
6 ns ns ns ns ns ns ns ns

3 1 0.000* 0.000* 0.000* 0.003* 0.001* ns ns ns
2 ns 0.009* 0.006* ns ns ns ns ns
4 0.068 ns ns ns ns ns ns ns
5 0.020* ns 0.001* ns 0.029* ns 0.061 ns
6 ns 0.031* ns ns ns ns ns ns

4 1 0.000* 0.000* 0.000* 0.000* 0.000* ns 0.000* 0.078
2 0.000* 0.009* 0.011* 0.001* 0.000* ns 0.002* 0.010*
3 0.068 ns ns ns ns ns ns ns
5 0.000* 0.050* 0.004* 0.006* 0.002* ns 0.013* ns
6 0.002* 0.011* Ns 0.004* 0.002* ns 0.006* ns

5 1 ns 0.011* 0.027* 0.029* Ns ns ns ns
2 ns ns Ns 0.058 Ns ns ns ns
3 0.020* ns 0.001* Ns 0.029* ns 0.061 ns
4 0.000* 0.050* 0.004* 0.006* 0.002* ns 0.013* ns
6 ns ns ns ns Ns ns ns ns

6 1 ns ns ns ns Ns ns 0.078 ns
2 ns ns ns ns Ns ns ns ns
3 ns 0.031* ns ns Ns ns ns ns
4 0.002* 0.011* ns 0.004* 0.002* ns 0.006* ns
5 ns ns ns ns ns ns ns ns

The data are P values obtained with ANOVA.
NS: not statistically significant P values (P>0.05).
*P values ranging between 0.05 and 0.10.
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studies are needed to investigate the morphology 
of flow in following times.

We detected a rapid increase in the volume 
flow at the 5th min that persisted into the 15th and 
30th min. There was then a remarkable decrease 
at 24 hours when compared to the values at 30th 
min, although the values were still significant-
ly higher than that at 0 min. Although elevated 
levels persisted at the 48th hour, the difference 
was not statistically significant. The timings of 
increases and decreases in the volume flow were 
unaffected by the duration of the sensory and 
motor blocks. The blockade of the stellate gan-

tance may indicate physiological and pathologi-
cal conditions.12 Exercise, changes in pressure 
and spatial location can all alter arterial spectral 
waveforms.13 Triphasic, biphasic and monopha-
sic waveforms constitute the three basic wave-
forms on a Doppler ultrasound of the peripheral 
arteries.14 Triphasic waveforms are formed in the 
event of a strong antegrade systolic flow in the 
early diastole, followed by short reversal of flow, 
and an antegrade flow during the late diastole. 
Monophasic flow involves only antegrade flow 
during systole.14

Brachial plexus blocks cause vasodilation and 
increased blood flow.3, 7, 8 There are limited num-
ber of studies in literature evaluating the regional 
hemodynamic changes following brachial plexus 
block.3-8 Our literature search returned no study 
evaluating the late-period effects of regional he-
modynamic changes following nerve blocks, and 
whether such changes persist after the effects of 
block have worn off. The main difference of the 
current study is that we investigated the return 
time of arterial morphology and flow alterations. 
In the present study, the first change following 
an infraclavicular block was the conversion of 
the flow morphology from a triphasic to mono-
phasic pattern. All patients had triphasic blood 
flow pattern (Figure 4) at the beginning (5 min 
before block performance) and monophasic pat-
tern (Figure 5) at five, 15, 30 min after the block. 
However, this stable blood flow pattern individu-
ally changed at the 24th and 48th hour (Figure 4, 5, 
6). The number of patients which show the flow 
patterns at 24 and 48 hours were triphasic (4, 8), 
biphasic (8, 10), and monophasic (2, 4), respec-
tively. Volume flow, Vmax, EDV and diameter all 
gradually increased at 5th, 15th and 30th min while 
RI, PI and S/D gradually decreased (Table II, III).

Li et al.2 evaluated the changes occurring in 
the brachial artery in the first 30 minutes after 
an axillary nerve block by using a pulse-waved 
Doppler USG, and the authors reported the con-
version of the flow morphology from a triphasic 
to monophasic pattern. In the present study, we 
evaluated the changes of flow morphology at the 
24th and 48th hour. At the 48th hour, the flow mor-
phology of eight patients were triphasic, eight 
patients had biphasic and two patients had mono-
phasic pattern. These results support that further 

Figure 4.—Triphasic pattern of brachial artery.

Figure 5.—Monophasic pattern of brachial artery.

Figure 6.—The biphasic flow pattern of brachial artery.
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Another limitation considered by the authors re-
lates to the possible interference of outside fac-
tors in the temperature measurements.

Conclusions

In conclusion, the increase in volume flow fol-
lowing a change in the flow morphology due 
to an infraclavicular nerve block persists for at 
least 24 hours. This may be the explanation for 
clinical advantage in all types of surgery and in 
particular after fractures, graft and reimplanta-
tion surgery.

What is known

• A nerve block causes various changes in 
the vessel system which are likely to be a re-
sult of sympathetic block such as dilation of 
the arteries and veins, changes in blood flow 
morphology, fluctuations in the systolic and 
diastolic flow rates.

• The brachial plexus supplies sensory, 
motor and sympathetic nerves, and it is high-
ly possible that an increase in volume flow in 
patients undergoing a brachial plexus block 
is the result of a sympathetic nerve blockade.

What is new

• The first change following an infracla-
vicular block is the conversion of the flow 
morphology in brachial artery from a tripha-
sic to monophasic pattern. The flow morphol-
ogy does not fully recover within the first 48 
hours after the block.

• The timings of increases and decreases 
in the volume flow were unaffected by the 
duration of the sensory and motor blocks.

glion, which is a sympathetic ganglion, is known 
to cause an increase in blood flow15 that has 
been attributed to the relaxation of the muscles 
in the vessel walls in relation to the sympathetic 
nerve block. The brachial plexus supplies sen-
sory, motor and sympathetic nerves,16 and it is 
highly possible that an increase in volume flow 
in patients undergoing a brachial plexus block is 
the result of a sympathetic nerve blockade. That 
said, there have been insufficient studies to date 
evaluating the level of increase in volume flow 
and its duration. One possible reason for the in-
creased volume flow relates to the blockade of 
sympathetic fibers, although it may also be at-
tributable to other factors, such as the mechani-
cal irritation of the artery during an infraclavicu-
lar block. The authors were unable to identify 
any direct relationship between the mean cessa-
tion times of sensory and motor block and the 
time of change in volume flow (Table IV).

Significant increases were noted in diameter, 
EDV and temperature at the 5th, 15th and 30th min 
when compared to the values at five minutes prior 
to the block, along with decreases in the RI and 
PI values (Table II). In none of the measurements 
were significant differences noted between the 
values at five minutes prior to the block and at the 
48th hour after the block (Table II). The changes 
in diameter were not unrelated to gender.

Limitations of the study

One of the limitations of the present study is that 
the late measurements were at 24 and 48 hours. 
With more late period measurements before 24 
hours and after 48 hours, vessel changes after 
nerve blockage could be better demonstrated. 
Studies to be carried out assessing vessel diam-
eter and flow measurements may provide more 
accurate data if the time at which volume flow re-
turned to its baseline values could be measured. 

Table IV.—� Sensory and motor block onset and duration of the block.
Variable Mean±SD Min-max Median (LQ/UQ)

Time of sensory block onset, min 6.56±2.81 3/14 5.5 (5/7.5)
Time of motor block onset, min 9.83±4.30 5/22 8 (7/10.5)
End time of sensory block, h 22.33±11.90 4/48 19 (16/26.25)
End time of motor block, h 15.89±5.12 8/25 14 (12/20.25)
LQ: lower quartile, UQ: upper quartile.

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



UYSAL  BLOOD FLOW CHANGES AFTER BRACHIAL PLEXUS BLOCK

956 Minerva anestesiologica september 2020 

7. Mouquet C, Bitker MO, Bailliart O, Rottembourg J, 
Clergue F, Montejo LS, et al. Anesthesia for creation of a 
forearm fistula in patients with endstage renal failure. Anes-
thesiology 1989;70:909–14. 
8. Sahin L, Gul R, Mizrak A, Deniz H, Sahin M, Koruk S, 
et al. Ultrasound-guided infraclavicular brachial plexus block 
enhances postoperative blood flow in arteriovenous fistulas. J 
Vasc Surg 2011;54:749–53. 
9. Klaastad Ø, Smith HJ, Smedby O, Winther-Larssen 
EH, Brodal P, Breivik H, et al. A novel infraclavicular bra-
chial plexus block: the lateral and sagittal technique, devel-
oped by magnetic resonance imaging studies. Anesth Analg 
2004;98:252–6. 
10. Türk Anesteziyoloji ve Reanimasyon Derneği (TARD). 
Postoperatif ağri tedavisi; 2006 [Internet]. Available from: 
https://www.tard.org.tr/assets/kilavuz/7.pdf [cited 2020, 
Jun 26].
11. Hadzic A, Arliss J, Kerimoglu B, Karaca PE, Yufa M, 
Claudio RE, et al. A comparison of infraclavicular nerve 
block versus general anesthesia for hand and wrist day-case 
surgeries. Anesthesiology 2004;101:127–32. 
12. Taylor KJ, Holland S. Doppler US. Part I. Basic princi-
ples, instrumentation, and pitfalls. Radiology 1990;174:297–
307. 
13. Chavhan GB, Parra DA, Mann A, Navarro OM. Normal 
Doppler spectral waveforms of major pediatric vessels: spe-
cific patterns. Radiographics 2008;28:691–706. 
14. Nelson TR, Pretorius DH. The Doppler signal: where 
does it come from and what does it mean? AJR Am J Roent-
genol 1988;151:439–47. 
15. Yokoyama K, Sugiyama K. Hemodynamic effects of stel-
late ganglion block: analysis using a model of aortic input im-
pedance. Can J Anaesth 2002;49:887–8. 
16. Johnson EO, Vekris M, Demesticha T, Soucacos PN. 
Neuroanatomy of the brachial plexus: normal and variant 
anatomy of its formation. Surg Radiol Anat 2010;32:291–7. 

• One possible reason for the increased 
volume flow relates to the blockade of sym-
pathetic fibers, but it may also be attributable 
to other factors, such as the mechanical irri-
tation of the artery during an infraclavicular 
block.
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