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Summary

Aim of the study was to determine the advantages of peripheral nerve blocks (PNB) versus local infiltration
anesthesia (LIA) in the formation of arteriovenous fistula (AVF) surgically created for hemodialysis treatment

Type of study: prospective non-randomized study. Approved by the ethics committee of JLF UK in Martin.

Type of workplace: clinical workplace of a university hospital.

Material and method. The cohort of patients (IN=40) who required arteriovenous fistula (AVF) creation was
divided into 2 groups, 20 patients each: patients operated under peripheral nerve blockade and patients op-
erated under local infiltration anesthesia. The preserved function of the fistula was monitored 24 hours, 6 weeks
and one year after the operation, without revision. Patient inclusion criteria included: age 19-75 years, ASA
3-4, weight 40-120 kg, BMI up to 40. Statistical treatment of data included Mann-Whitney exact test, Fisher's
test, t-test, Shapiro-Wilk normality test.

Results. After 24 hours, all fistulas created with peripheral nerve blockade were functional whereas only 90%
developed under local infiltration anesthesia remained functional (P>0.05 between groups). However, after
6 weeks, 80% of fistulas created under peripheral nerve block were functional, compared to 50% of functional fistulas
created in patients under local infiltration anesthesia (P=0.048). One year after surgery, the difference remained as
a trend since 55% of fistulas created under peripheral nerve block remained functional while only 35% of fistulas
created in patients receiving local infiltration anesthesia were functional without complications (P=0.097).

Conclusion. In our study, the peripheral nerve block anestesia seem superior in term of improved survival
of created fistula compared to local infiltration anesthesia.
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Pesrome

Ilesb MCCiIeIOBAHUA — OTIPEETUTE ITPENMYIIECTBO OI0KabI neprudeprdeckux HepBoB (BITH) nim nn-
(urETpanoHHON aHeCTe3NHN IPU XUPYPrUIeCKOM HAJIOKEHUH apTepHUOBEHO3HOH ducTynsl (ABD) nia
TOCJIEYIOIIEro IPOBEIeHAA FeMOAaIN3a.

Tun ucciiegoBanusi. [[pocrieKTUBHOE HEPAHIOMU3UPOBAHHOE HccaenoBanue. O1o0peHo0 KOMUTETOM 10
aruke JLF UK B . MapTuH.

MecTo nIpoBeaeHuA uccaeaoBanms. Kiimanyeckass 00JbHUNIA YHUBEPCUTETA.

MarepuaJsl 1 MeTobI. Koroprty mamueHTos (7=40), KOTOPBIM TPeOOBAJIOCH HATIOKEHNE apTEPUOBEHO3-
HOH (pucTyns! (ABD), pasnesniy Ha 2 paBHbIE TPYIIIEI [JIs IPOBEIEHUSA onlepanuu ¢ npumeHenneM BITH
WJTY TT0JT MECTHOY MH(UIIBTPAIIMOHHON aHecTe3neil. COXpaHHOCTh PyHKIIH ABD 6e3 peBru3nu mMpoBepsIIn
uepes 24 4, 6 HeJl. ¥ OIUH rofi I0CJIe HalokeHus. [IpuMeHs1u caefyole KpUTepUu BKIIOYEHUsI B UCCIle-
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JIOBaHMe: BO3PACT narueHToB 19-75 jeT, cocrossaue 1o mkajae ASA — 3-4 6ana, Bec 40-120 kr, UMT no 40.
ITpu cTatucTryecKoil 06paboTKe TaHHBIX MCIIOTB30BAIN KPUTEPHIt MaHHa—YUTHH, TOYHBIN KpuTepuii Pu-
1Iepa, -KpuTepuil — IPU CpaBHEHUU TPyl U Kputepuil lllanupo-Yuaka — npu onpeneleHUN Xapakrepa
pacnpezeeHus IepeMeHHbIX.

PesynbraThl. Uepes 24 1 Bce pUCTYIBI, HATOKeHHBIe o BITH, 66111 (hYyHKITMOHATBHBIMH, TOTIA KaK B
TpyIlile C IpUMeHeHrneM UH(PUIBTPAIIMOHHON aHeCTe3uu (DyHKIIMOHUPOBAJIU TOJIBKO 90% AB® (Meskrpy-
noBblIe padauuusi: p>0,05). OnHako yepes 6 Hell. PYHKIIMOHATBLHBIMU OCTaTNCh 80% ducTyn B rpyniie BITH
1 50% — B rpymnie "HQUIBTPAIIMOHHON aHeCcTe3nu (MeKTpynIoBble pasanunsi: p=0,048). Uepes rox mociie
omepanuy HabJIIoIa I aHAJIOTUYHbBIE Pa3JIMYHs, OJHAKO ysKe B BUjie TeHaeHnnu: B rpymne BITH ¢pyHKImo-
HaJbHBIMU OCTAJIUCh 55% (pucTyJ1, a B rpynne HHGUIBTPAIMOHHON aHeCTe3un — TOJIBKO 35% AB® dyHK-

nuoHupoBasu 6es ocaoskHeHuH (p=0,097).

BsiBop. [Toka3a/iy MpenMyIIecTBO aHECTE3UU C IPUMeHeHneM 0JI0KaIbI nepudepriecKux HepBOB IJ1A
HaJokeHUs1 AB®D 110 cpaBHEHUIO ¢ UH(UJIBTPALIMOHHON aHecTe3uel C TOUKU 3peHU JIydllell COXPaHHOCTU

dyHKIMOHUPYIOWIEH PUCTYIIBI.

Knrouesvte cnoea: o0kada nieuesozo cniemeHust; MeCmhuas UHPUILMpPAauUOHHASL aHecme3ust; o10-
Kada nepugbepuneckux Hepeoes; apmepuoseHo3nas fucmyna
KoH(IHKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUY KOH(JINKTAa MHTEPECOB.

Introduction

Supraclavicular block of the brachial plexus is
a relatively new form of anesthesia used in the
surgical creation of arteriovenous fistulas (AVF) on
the distal forearm [1]. These are currently the gold
standard of vascular access for patients who require
chronic hemodialysis treatment. In Europe, local in-
filtration anesthesia (LIA) is still the most common
type of anesthesia for AVF formation. There are
several reasons. It is simple to perform, safe, does
not require the presence of an anesthesiology team,
is not time-consuming and is cheap. However, early
or late AVF failure is common, most often due to
stenosis, poor maturation or thrombosis of the fistula.
In the USA, general anesthesia (GA) is often used,
but it does not have the advantages of local infiltration
anesthesia and poses an increased risk in this group
of patients with numerous comorbidities [2, 3].
Therefore, in recent years, peripheral nerve blocks
(PNBs) that represent supraclavicular brachial plexus
block with ultrasound navigation have also been
promoted, which seem to have certain advantages
over GA or LIA [4]. Several studies have recently
been conducted that support this view. They com-
pared LIA and PNB or LIA and GA [5, 6]. Comparison
of all three types of anesthesia is rare [7]. A large
multicenter randomized trial ACCess comparing
PNB and LIA is currently underway in the UK. The
results should be published in 2025 [8]. In our study,
the LIA and PNB were compared. The study took
place between January 2020 and May 2022.

The aim of the study was to determine the ad-
vantages of peripheral nerve blocks (PNB) versus
local infiltration anesthesia (LIA) in the formation
of arteriovenous fistula (AVF) surgically created for
hemodialysis treatment.

Material and Methods

The set of patients was in ASA category 3 or 4, co-
morbidities were similar with respect to chronic kidney
damage, comorbidities were more significant in older
patients. After informed consent, the patients chose the
method of anesthesia (PNB or LIA) by themselves. A total

of 40 patients were included in the study. Twenty patients
were operated under PNB and 20 patients received LIA.

PNB was performed as a supraclavicular block of
the brachial plexus under dual navigation by ultrasound
and neurostimulation. 20 ml of 0.5% levobupivacaine
and 10 ml of 1% trimecaine were administered. We have
chosen this PNB method because of relatively simple ex-
ecution and high efficiency even with a less experienced
anesthesiologist to decrease the risk of failure. A higher
dose of local anesthetic was supposed to ensure a longer
duration of PNB and an expected increased and long
lasting effect on the sympathetic system and dilation of
the vessels of the operated limb [8]. Neurostimulation
was used mainly for educational reasons [9]. LIA was ad-
ministered by the surgeon in a total dose of 20 ml of 1%
trimecaine. Inclusion criteria for the study were age
19-75 years, ASA 3-4, weight 40-120 kg, BMI up to 40.
Standard anesthesia monitoring was used for LIA and
PNB and included ECG, NIBP, SpO, monitoring. The pri-
mary AVF was created in the area of the distal forearm
above the wrist of the non-dominant hand, the skin
incision was also more or less identical, the operators
were three experienced vascular surgeons.

The primary monitored indicators were: AVF func-
tionality 24 hours after the operation (pulsation of the
draining vein and auscultation murmur above the fistula)
and after 6 weeks after the operation (the flow and pa-
rameters of the supply and draining vessels were monitored
sonographically), when the AVF was considered mature.
We also monitored the functionality of the fistula one
year after the operation without the need for intervention.

Another important monitored parameter was the
change in diameter of a. radialis after the administration
of anesthesia compared to the initial value and the change
in diameter of v. cephalica after administration of anesthesia
compared to the initial value. Measurement of blood
vessels in the location of planned AVF creation was per-
formed sonographically at an accuracy of 0.1 mm.

We also monitored the following parameters: 1) the
time required to perform the operation and the length of
anesthetic care for individual groups, 2) the occurrence
of serious adverse events requiring medical intervention
during the operation for individual types of anesthesia
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(cardiovascular, respiratory, neurological), 3) the visual
analog scale (VAS) of pain value at the end of anesthesia
and the highest value of VAS during the first 24 hours
after the operation, and 4) the necessity of administration
of analgesics during the first 24 hours after the surgery.
Statistical methods used in study: Mann-Whitney exact
test, Fisher's test, t-test, Shapiro-Wilk normality test.
Even in a small cohort with a sample size of N=20, after
testing for the normal distribution, the Student's #test
exhibited sufficient validity and reliability.

Results

No final conclusions can be drawn due to the
small cohort of 40 patients in the study. There were
15 men and 5 women in the LIA group, aged from
36 to 75 years, the average age was 64.2 years. There
were 16 men and 4 women in the PNB group, in a
range of 28-75 years old, the average age was
57.7 years.

When comparing the effect of methods of
anesthesia on the diameter a. radialis in the distal
forearm of the operated limb, we found that in
PNB, there was an average dilation of 0.45mm (av-
erage +20.4%), In patients under LIA, dilation oc-
curred by an average of 0.09 mm (an average of
+4.8%). Compared to LIA, there was a statistically
significant dilation of artery diameter in patients
under PNB (P=0.0003, ¢-test). When comparing the
change of diameter of v. basilicae in the distal
forearm of the operated hand after administration
of individual types of anesthesia, we found that in
patients under PNB there was an average dilation
0f 0.93 mm (average 51.6%), whereas patients under
LIA exhibited the average change in the lumen of
the vein by 0.13 mm in terms of vasoconstriction
(average -1%). When comparing PNB versus LIA,
there was a statistically significant change in a
vessel diameter in terms of dilation in PNB group
compared to LIA group (P=0.000025, ¢-test).

When monitoring AVF functionality 24 hours
after surgery, we found that there was no early
failure of function in fistulas created in PNB and
early failure in 10% of fistulas in LIA. No significant
differences in AVF functionality after 24 hours were
revealed between the PNB and LIA groups (P=0.487,
Fisher test).

When monitoring the functionality of the AVF
after 6 weeks from the operation in individual
groups of anesthesia, we found that 80% of the fis-
tulas created in the PNB were functional. For fistulas
created in LIA, only 50% of fistulas were functional
after 6 weeks. When comparing PNB versus LIA, a
significant difference in fistula survival was found
in favor of PNB (P=0.048, Fisher test).

When monitoring the functionality of the fistula
without complications one year after the operation,
55% of fistulas created under PNB and 35% created
under LIA were functional without complication or
any intervention. There was, however, a marginal

trend toward difference in fistula survival in favor
of PNB (P=0,097, Fisher test).

We also compared the length of anesthesia
care in the operating room for individual types of
anesthesia. PNB anesthetic care was significantly
longer than LIA care (P=0.017, t-test). Another mon-
itored parameter was the duration of surgery for
individual types of anesthesia. The duration of the
operation under PNB compared to LIA differed sig-
nificantly, with PNB the performance was shorter
(P=0.012, t-test).

The incidence of adverse events and effects
on methods of anesthesia was as follows: in PNB
patients it was 5% and in LIA patients there were
no such events. The occurrence of adverse effects
during surgery between RA and LA was statistically
insignificant (P=1, Fisher test). There were no critical
incidents during the study.

We investigated further, whether there was a
difference in VAS when the patients left the operating
room. There was no significant difference between
PNB patients and LIA patients (P=1, Fisher's test).

When monitoring the maximum VAS during
the first 24 hours after surgery, no significant differ-
ence between PNB patients and LIA patients found
(P=0.7, Mann-Whitney exact test). The average
maximum of VAS value was 1.7 in PNB group and
1.35 in LIA group.

The last monitored parameter was the need
to administer analgesics during the first 24 hours
after the procedure. The need for administration of
analgesics had been revealed in 40% of patients re-
ceiving PNB and in 65% of patients receiving LIA.
The association between the groups during the first
24 hours after the procedure, however, was in-
significant (P=0.63, Fisher's test). Descriptive sta-
tistical results are presented in a table.

Discussion

Our study was focused on comparing several
parameters when using different types of anesthesia.
The main monitored parameter was the preserved
functionality of the fistula 24 hours after the opera-
tion, 6 weeks after the operation, when the fistula
is already considered mature, and after 1 yearTwen-
ty-four hours after surgery, all AVFs created under
PNB were functional, and 10% of AVFs failed in
LIA. Significant difference between PNB and LIA in
term of AVF functionality was absent at this time
point. Primary failure of AVF had been further com-
pared depending on a method of anesthesia. Six
weeks post-surgery, when AVF maturation should
have occurred, 80% of AVFs formed under PNB
anesthesia were functional. At the same time point,
only 50% of the AVFs created in the LIA remained
functional with significant differtence in fistula sur-
vival in favor of PNB. One year after the operation,
55% of fistulas created by PNB and only 35% of
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Table. Values of monitored parameters, valid cases N=20.
Parameters 95% CI Mean Median Standard Quartil Interquartile
deviation Lower Upper range
Change of diameter of a. radialis in PNB, mm 0.3-0.6 0.46 0.45 0.2542 0.3 0.6 0.3
Change of diameter of a. radialis in LTA, mm 0-0.3 0.13 0.15 0.2975 0 0.3 0.3
Change of diameter of v. cephalica in PNB, mm 0.5-1.5 1.03 1 0.882 0.5 1.65 1.15
Change of diameter v. cephalica in LIA, mm -0.7-04  -0.115 0.1 0.691 -0.75 04 1.15
PNB — length of anaesthesia care, min 130-165 148 142.5 28.81 1275 170 42.5
LIA — lenght of anaesthesia care, min 100-155 125.75 117.5 37.14 95 157.5 62.5
Duration of surgery in PNB patients, min 60-80 77.75 75 25.26 60 85 25
Duration of surgery in LIA patients, min 65-120 94.25 90 35.88 65 120 55
Maximal VAS 24 h after surgery in PNB patients 0-4 1.7 0.5 2.13 0 4 4
Maximal VAS 24 h after surgery in LIA patients 0-3 1.35 0.5 1.4965 0 3 3
fistula created under LIA were functional without 100 %
complications (Fig. 1). the results suggest that it B LA PNB
might be more advantageous to use PNB because 90
of better AVF functionality.
. . 80

Another important monitored parameter was
the effect of individual types of anesthesia on a | 70
lumen of a. radialis and v. cephalica in the distal 60
forearm, i. e. at the site of creation of the primary
fistula. Local anesthetic administered by infiltration | 50
at the site of surgery generally has a vasodilating 10 B
effect depending on its concentration. Higher con-
centrations of anesthetic provided incerased va- 30
sodilating effect, whereas lower concentrations re- 20 B
mained neutral or even slightly vasoconstrictive [10].
Under PNB, the local anesthetic by blocking sym- 10 —
pathetic nerve fibers causes significant vasodilatation 0
in the innervated area [11].

We found that arterial dilatation occurred in 24 hours 6 weeks 1 year
all types of anesthesia, with average dilatation of  gjg 1. Functionality of fistulas after operation.
20.4% in PNB group and only 4.8% in LIA patients.
When comparing PNB versus LIA, there was a sta- %
tistically significant dilatation in PNB patients. | 60
When. cpmparing the' cl.langg in lurper} Qiameter of Artery M Vein
v. basilicae after administration of individual types
of anesthesia, we found that in patients recceiving 40
PNB the dilation occurred by an average of 51.6%,
whereas in LIA patients the lumen of the vessel 20 -
even decreased by an average of 1% (Fig. 2). When
comparing the vasodilation effect in PNB and LIA
groups, there was a statistically significant change 0
in a vessel diameter in terms of dilation in PNB pa- LIA PNB
tients compared to LIA patients. These changes in
the lumen of the vessels in the area of the distal |-2¢

forearm, i. e. in the place where the AVF was sub-
sequently created, seem to have had a significant
impact on the duration of the surgical procedure
and the functionality of the AVF itself after 24 hours,
6 weeks and 1 year. Vasodilation of both vessels
used in AVF creation had an impact on operative
technique, when the operator could work more
easily on wider vessels, and a few hours after the
operation, the persistent vasodilation improved
primary functionality of the AVE

The length of anesthesia care in the operating
room was statistically significantly longer with
PNB than with LIA, it is related to the time needed

Fig. 2. Change in vein and artery diameter after administration
of different types of anesthesia.

to perform the block and its onset. It can be
reduced by performing a blockade outside the OR
by another team.

When monitoring the time needed to perform
the operation, we found that when comparing PNB
and LIA, the operation time was statistically sig-
nificantly shorter with PNB. From this it can be
concluded that PNB, if performed outside the op-
erating room, can speed up the operation in the
operating room.
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When monitoring adverse events and effects
in individual types of anesthesia (we monitored
the occurrence of severe hypertension, hypotension,
arrhythmia, cardiovascular and neurological com-
plications with the need for therapeutic intervention),
the incidence was only 5% in PNB group (1 patient
with symptomatic arterial hypertension). No such
events occurred under LIA. The incidence of adverse
events during the procedure was not significant
when PNB and LIA were compared. There were no
critical incidents. If we consider the administration
of PNB, it is necessary to take into account antico-
agulant or antiplatelet treatment, which may rep-
resent a relative contraindication for the adminis-
tration of PNB [12].

There was no statistically significant difference
between PNB and LIA when monitoring the VAS
when leaving the operating room or the maximum
VAS during the first 24 hours after the operation.

The last monitored parameter was the need
to administer analgesics in individual anesthesia
groups during the first 24 hours after the procedure.
Administration of analgesics required in 40% of
PNB patients and in 65% of LIA patients. The asso-
ciation between the PNB and LIA groups was only
statistically insignificant (P>0.05 between groups).
Our data confirm previously published results of
other studies [13-16].

Patients with chronic renal failure who are
being prepared for hemodialysis treatment or have
an acute dialysis catheter in place and are indicated
for the AVF creation in the forearm for hemodialysis
represent a serious medical problem for a relatively
broad group of patients. This group may include
patients from young adults to elderly patients who
are varying in diagnosis that causekidney failure.
They usually have developed a wide spectrum of
diseases associated with renal failure and fall into
the ASA classification of anesthetic risk 3 or more
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