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RESUMO

Helayel PE, Conceicao DB, Knaesel JA, Ceccon MS, Dal Mago AJ, Oliveira
Filho GR - Volumes Anestésicos Efetivos no Bloqueio do Nervo Isquiatico:
Comparagéao entre as Abordagens Parassacral e Infraglutea-Parabiceptal com
Bupivacaina a 0,5% com Adrenalina e Ropivacaina a 0,5%.

JUSTIFICATIVA E OBJETIVOS: O volume e a massa das solugdes de anes-
tésico local (AL) influenciam a taxa de sucesso dos bloqueios periféricos. Desta
forma, o objetivo principal do estudo foi determinar os volumes de anestésico
local para o bloqueio do nervo isquiatico (BNI) nas abordagens parassacral e
infraglutea-parabiceptal.

METODO: Cento e um pacientes foram alocados aleatoriamente em 4 grupos e
submetidos ao BNI nas abordagens infraglutea-parabiceptal ou parassacral, uti-
lizando ropivacaina a 0,56% ou bupivacaina a 0,56% com adrenalina 5 ug.mL".
Sucesso foi definido como bloqueio sensitivo e motor completo do nervo isquidtico
30 minutos apds a injegdo do AL. Os volumes foram calculados pelo método up-
and-down.

RESULTADOS: Na abordagem parassacral o volume efetivo médio da
ropivacaina foi 17,6 mL (IC 95%: 14,9 - 20,8) e da bupivacaina 16,4 mL (IC
95%: 12,3 - 21,9). Na abordagem infraglutea-parabiceptal o volume efetivo
médio da ropivacaina foi 21,8 mL (IC 95%: 18,7 - 25,5) e bupivacaina 20,4
mL (IC 95%: 18,6 - 22,5). Volumes foram significativamente menores (p < 0,01)
na abordagem parassacral comparativamente a infraglutea-parabiceptal. Na
estimativa da regressdo de Probits para volumes efetivos em 95% dos paci-
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entes, os volumes na abordagem parassacral foram 21,8 mL para ropivacaina
e 20,5 mL para bupivacaina; e na infraglutea- parabiceptal foram 27,2 mL na
ropivacaina e 25,5 mL na bupivacaina. O volume efetivo em 99% dos pacien-
tes no BNI parassacral para ropivacaina foi 24 mL e para bupivacaina 22,5
mL; e 29,9 mL de ropivacaina e 28,0 mL de bupivacaina no grupo infragluteo-
parabiceptal.

CONCLUSOES: Foram necessérios volumes significativamente menores na abor-
dagem parassacral do BNI comparativamente a abordagem infraglitea-
parabiceptal, mas os volumes anestésicos nao diferiram entre os AL.

Unitermos: ANESTESICO, LOCAL: bupivacaina; ropivacaina; TECNICAS
ANESTESICAS, Regional: bloqueio do nervo isquiatico.

SUMMARY

Helayel PE, Concei¢ao DB, Knaesel JA, Ceccon MS, Dal Mago AJ, Oliveira
Filho GR — Effective Anesthetic Volumes in Sciatic Nerve Block: Comparison
between the Parasacral and Infragluteal-parabiceps Approaches with 0.5%
Bupivacaine with Adrenaline and 0.5% Ropivacaine.

BACKGROUND AND OBJECTIVES: The volume and mass of local anes-
thetics (LA) affect the success rate of peripheral nerve blocks. Thus, the main
objective of this study was to determine the volumes of local anesthetics in
parasacral and infragluteal-parabiceps sciatic nerve block (SNB).

METHODS: One hundred and one patients undergoing infragluteal-parabiceps
or parasacral SNB with 0.5% ropivacaine or 0.5% bupivacaine with 5 ug.mL"'
of adrenaline were randomly divided into 4 groups. Success was defined as com-
plete sensitive and motor blockades of the sciatic nerve 30 minutes after the
administration of the LA. Volumes were calculated by the up-and-down method.

RESULTS: In the parasacral approach, the mean effective volume of ropiva-
caine was 17.6 mL (95% CI: 14.9-20.8) and of bupivacaine it was 16.4 mL (95%
Cl: 12.3-21.9). In the infragluteal-parabiceps approach, the mean effective vo-
lume of ropivacaine was 21.8 mL (95% CI: 18.7-25.5), and that of bupivacaine
was 20.4 mL (95% CI: 18.6-22.5). Volumes were significantly lower (p < 0.01)
in the parasacral than in the infragluteal-parabiceps approach. In Probit
regression, the estimated effective volume in 95% of the patients in the
parasacral approach was 21.8 mL for ropivacaine, and 20.5 mL for bupivacaine;
in the infragluteal-parabiceps approach the volumes were 27.2 mL for ropivacaine
and 25.5 mL for bupivacaine. The effective volume in 99% of the patients in
parasacral SNB was 24 mL for ropivacaine, and 24 mL for bupivacaine; and in
the infragluteal-parabiceps approach, 29.9 mL for ropivacaine, and 28.0 mL for
bupivacaine.

CONCLUSIONS: In sciatic nerve block, significantly smaller volumes were
necessary in the parasacral than in the infragluteal-parabiceps approach, but
volumes did not differ between both LAs.

Keywords: ANESTHETIC, Local: bupivacaine, ropivacaine; ANESTHETIC
TECHNIQUES, Regional: sciatic nerve block.
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INTRODUCTION

The volume injected as well as the mass of local anesthetics
used in peripheral nerve blocks affect the success rate and
quality of the blockade'?2. Sciatic nerve blocks require re-
latively larger volumes of local anesthetics®5. Those volumes
vary according to the approach and can be relevant when limit
doses are achieved®. The minimum local anesthetic volume
(MLAV) is the mean effective volume to produce complete
neural blockade in 50% of the patients"”®. Analogue to the
dose of the drug that is effective in 50% of a specific
population (ED50), MLAV is located in the middle of the dose
(volume)-response curve, which is more easily affected by the
differences among drugs. The concept of MLAV can also
guide the needs of local anesthetics in different injection
sites. Ropivacaine and bupivacaine are local anesthetics
frequently used in sciatic nerve blocks; however, studies
comparing these drugs have used fixed volumes and
concentrations®'°. Volumes of local anesthetics effective in
50%, 95%, and 99% of the patients can vary among the
different techniques and/or different anesthetic solutions;
therefore, their determination is clinically relevant. The main
objective of this study was to estimate the minimum effective
volumes in sciatic nerve blocks in 50%, 95% and 99% of the
cases using the parasacral or infragluteal-parabiceps
approach. The secondary goal was to compare the effective
volumes in 50%, 95%, and 99% of the most commonly used
local anesthetics (0.5% ropivacaine and 0.5% bupivacaine
with 1:200,000 adrenaline).
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METHODS

After approval by the Ethics on Research Committee of the
Hospital Governador Celso Ramos, 101 patients physical
status ASA | or Il, ages 18 to 65 years, scheduled for elective
foot or ankle surgery under femoral and sciatic blocks
participated in this prospective study. Patients with respi-
ratory, hepatic, or cardiac dysfunction; diabetics; peripheral
neuropathy; in chronic analgesic therapy; or allergies to the
study drugs were excluded from the study.

Patients were randomly divided into four groups according to
electronically generated numbers. RIG group (n= 25):
patients undergoing infragluteal-parabiceps sciatic nerve
block (SNB) with 0.5% ropivacaine; BIG group (n= 25):
infragluteal-parabiceps SNB with 0.5% bupivacaine with
1:200,000 adrenaline; RPS group (n= 25), parasacral SNB
with 0.5% ropivacaine; and BPS group (n= 26), parasacral
SNB with 0.5% bupivacaine with 1:200,000 adrenaline. After
venipuncture with a flexible catheter in the forearm all pa-
tients received pre-anesthetic medication with midazolam,
0.05 mg.kg"' 10 minutes before the blockade. Syringes
containing the local anesthetic were prepared in a double-
blind manner by one of the authors who was not involved in
the evaluation of the patient. All blockades were done at least
45 minutes before the beginning of the surgery by one of the
investigators highly experienced in regional blocks who did
not know which anesthetic was being used. Patients were
placed in ventral decubitus with their legs supported by a
pillow, allowing them to move their feet freely in response to
peripheral nerve stimulation. For the infragluteal-parabiceps
SNB, the needle was inserted 1 cm distal to the infragluteal
fold at the level of the lateral border of the femoral biceps
muscle. The skin was infiltrated with 2 mL of 1% lidocaine
with a 25G, 38-mm needle. A 50-mm, 22G peripheral nerve
stimulation needle (Stimuplex A50, BBraun, Melsungen,
Germany) connected the neurostimulator (Stimuplex Dig RC,
BBraun, Melsungen, Germany) was inserted at a 70° to 80°
angle with the skin, in a cephalad and anterior direction to the
sagittal plane'. Both plantar flexion of the foot or toes (tibial
branch of the sciatic nerve) and dorsiflexion/eversion of the
foot or toes (common fibular division of the sciatic nerve) were
obtained with neurostimulation currents of 0.2 to 0.5 mA and
pulse of 100 us. The double injection technique was used.
The volume of the local anesthetic used was equally divided
between the tibial and common fibular nerves, direct bran-
ches of the sciatic nerve. The patient was excluded from the
study if it was impossible to determine one of the stimuli or
if the time necessary to find the second stimulus was greater
than three minutes after the first injection of local anesthetic.
The end of the administration of the anesthetic in the se-
cond injection site was considered moment zero for the
evaluation of the blockade effectivity.

For the parasacral SNB, a line was drawn from the poste-
rior superior iliac spine (PSIS) to the ischial tuberosity (IT);
the needle was inserted 6 cm caudal to the PSIS'™ 3. After
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infiltrating the skin with 2 mL of 1% lidocaine with a 38-mm,
25G needle, a 100-mm, 21G peripheral neurostimulation
needle (Stimuplex A100, BBraun, Melsungen, Germany)
connected to the same neurostimulator (Stimuplex Dig, EC,
BBraun, Melsungen, Germany) was inserted in the sagittal
plane with a subtle caudal angulation (10°). The needle
reached the greater sciatic foramen until the sciatic nerve,
which was identified by a stimulus of plantar flexion of the
foot or toes (tibial branch of the sciatic nerve) and dorsiflexion/
eversion of the foot or toes (common fibular branch of the
sciatic nerve) with a neurostimulation current between 0.2
and 0.5 mA and pulse of 100 us and a single injection was
administered. The end of the injection of the local anesthetic
was considered moment zero for the evaluation of the
effectivity of the blockade.

After the SNB, the patient returned to the supine position for
the inguinal paravascular femoral nerve block (1 cm lateral
to the femoral artery and 1 cm below to the inguinal ligament)
with the same needle used for the sciatic nerve block and 15
mL of the same local anesthetic solution.

An observer who was not present during the nerve block and
who did not know which local anesthetic and volume were
used evaluated the effectivity of the blockade. The sensitive
blockade was evaluated by the loss of sensitivity to pin prick
on a three-point scale (0 = normal, painful feeling; 1 = re-
duction in sensitivity, but with tactile feeling; 2 = complete
loss of sensitivity in the area) in the region of cutaneous
innervation corresponding to the common fibular nerve
(dorsal aspect of the foot), as well as that of the tibial nerve
(sole of the foot). The motor blockade was evaluated by plan-
tar flexion (tibial nerve) or dorsiflexion of the foot (fibular
nerve), according to a three-point scale (0 = normal move-
ment; 1 = reduced movement, paresia; 2 = absence of mo-
vement). A total score of effectivity was attributed to each
blockade by adding the scores of the sensitive and motor
evaluations in each component of the sciatic nerve. The
score ranged from zero (absence of sensory and motor
blockade) to eight (complete sensory and motor blockades
in both territories of the sciatic nerve). Success was defined
as a total effectivity score of eight after 30 minutes and lower
scores were considered failure.

Twenty milliliters of the local anesthetic solution was ad-
ministered in the first patient of each group. The response
of the patient 30 minutes after the injection determined the
volume to be administered to the next patient. Success or
failure determined the increase or reduction in the volume of
the local anesthetic administered to the next patient. To
calculate the interval between sequentially administered vo-
lumes, the initial volume was transformed into its natural
logarithm™'%. Adding or subtracting 0.1 to the normalized
result of the prior patient determined the result to be cal-
culated for the next patient. The volumes injected were
obtained by transforming the calculated volumes into their
respective anti-logarithms approximated to one decimal.
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Fractional doses of midazolam (0.05 mg.kg™) or continuous
infusion of propofol (50 to 70 pg.kg™'.min) were used for
intraoperative sedation. General anesthesia was used when
the sensory blockade was not enough to perform the surgery
under sedation.

The sample size necessary to achieve an estimated stan-
dard error for the effective volume in 50% of the patients (5)
equal to 0.33 (standard deviation of the effective volume in
50% of the patients) of the up-and-down sequences was cal-
culated as n = 2(3/5 )?, resulting in 22 patients per group'. The
sample size for Probit analysis was estimated in at least 44
pairs of success/failures, for oo = 0.5 and 1-f = 0.8, using
Kramer and Shimura'® formulas and tables for binominal
tests for simple samples. The mean effective volume of
ropivacaine and bupivacaine in parasacral and infragluteal-
parabiceps SNB were estimated from the respective up-and-
down sequences using the Massey and Dixon method
focused on the determination of the volume of local anes-
thetic with a 50% probability of a complete nerve block. Probit
analysis was applied to the data using local anesthetic
solutions and blockade technique (approaches). From these
analysis, the effective volumes in 95% and 99% of the
patients were estimated for the local anesthetics (bupiva-
caine and ropivacaine) and their approaches (parasacral
and infragluteal-parabiceps). The Robertson and Preisler'”
method was used to calculate the rates of effective volumes
in 50%, 95%, and 99% of the patients (ropivacaine/bupiva-
caine and parasacral/infragluteal-parabiceps) and the
respective 95% confidence interval. According to this method
if 95% of the confidence interval of the rates include 1 the
estimated differences were not statistically significant in o =
0.05. Microsoft Excel 2000 (Microsoft, Bellvue, WA) and Mi-
nitab v. 1.2 (Minitab Inc., State College, PA) were used for the
calculations.

RESULTS

Ninety-nine patients completed the study. The demographic
data can be summarized as follows: Age = 36.72 + 12.86
years; Weight = 71.69 £+ 12.28; Height = 1.67 + 0.10; Gender
M/F = 54/45; Physical status ASA I/ll = 47/72.

Figures 1 and 2 show the sequence of effective (successes)
and ineffective (failures) blockades in the four study groups.
Forty-eight failures and 51 successes were observed. In
parasacral SNB, ropivacaine had a mean effective volume of
17.6 mL (95%Cl: 14.9-20.8), and bupivacaine 16.4 mL (95%Cl:
12.3-21.9) as promoting complete blockade in 50% of the
cases. In infragluteal-parabiceps SNB, the corresponding
volumes were of 21.8 mL for ropivacaine (95%ClI: 18.7-25.5)
and 20.4 mL (95%Cl: 18.6-22.5) for bupivacaine. Table | sum-
marizes the effective volumes in 50%, 95%, and 99% of the
cases estimated by Probit regression for the anesthetic
solutions, as well as their approaches. The result of the Chi-
square test for the general model was 5.14; p = 0.64.
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Figure 1. Sequence of Responses of Patients and Respective EV50
Calculated by the Up-and-down Method in Parasacral SNB with
0.5% Ropivacaine (RPS) or 0.5% Bupivacaine (BPS).

Figura 3. Sequence of responses of patients and respective EV50
calculated by the up-and-down method in parasacral SNB with
0.5% ropivacaine (RIG) or 0.5% bupivacaine (BIG)
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Figure 2. Sequence of Response of Patients and Respective EV50
Calculated by the Up-and-down Method in the Infragluteal-
Parabiceps SNB with 0.5% Ropivacaine (RIG) or 0.5%
Bupivacaine (BIG).

Fifty-one patients underwent parasacral SNB. Fourteen
patients (56%) in the RPS group and 13 (50%) in the BPS
group achieved complete blockade after 30 minutes.
Surgical procedures were completed successfully in all pa-
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Figure 4. Sequence of responses of patients and respective EV50
calculated by the up-and-down method in infragluteal-
parabiceps SNB with 0.5% ropivacaine (RIG) or 0.5%
bupivacaine (BIG)

tients undergoing combined parasacral sciatic and femoral
nerve blocks.

In two of 50 patients who underwent infragluteal-parabiceps
SNB (one patient in the BIG group and one in the RIG group)
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Table | — Effective Volumes of 0.5% Ropivacaine and 0.5% Bupivacaine Calculated by Probit Regression

Groups RPS BPS RIG BIG

EV50 17.4 (16.6; 18.3)" 16.4 (15.6; 17.2)* 21.7 (20.7; 22.9) 20.3 (19.3; 21.4)
EV95 21.8 (20.6; 23.4) 20.5 (19.4; 22.0) 27.2 (25.7; 29.4) 25.5 (24.0; 27 .4)
EV99 24.0 (22.5; 26.1) 22.5 (21.1; 24.5) 29.9 (27.9; 32.7) 28.0 (26.1; 30.5)

EV50, EV95, EV99 — Estimated effective volumes for successful blockade in 50%, 95%, and 99% of the cases, respectively. The numbers

in parenthesis represent the 95% confidence intervals. RPS = parasacral SNB with 0.5% ropivacaine; BPS = parasacral SNB with 0.5%
bupivacaine; RIG = infragluteal-parabiceps SNB with 0.5% ropivacaine; BIG = infragluteal-parabiceps SNB with 0.5% bupivacaine.

Comparison between RIG and BIG groups = p < 0.05

the second stimulus was not possible because immediately
after the first injection of local anesthetic both components
of the sciatic nerve were blocked. Those patients were
excluded from the study, and their volumes and anesthetic
solutions were administered to the subsequent patients. In
the 48 remaining patients, 12 patients in the RIG group
(50%), as well as 12 patients in the BIG group (50%), achie-
ved complete sciatic nerve block after 30 minutes. Only one
patient required general anesthesia to complete the surgery.
The procedures were completed successfully in 47 patients
who underwent infragluteal-parabiceps SNB combined with
femoral nerve block. The interval between the identification
of both stimuli was below three minutes in all patients in the
RIG and BIG groups.

DISCUSSION

The sciatic nerve is the largest nerve in the body. The larger
branches of the sciatic nerve come out of the greater sciatic
foramen covered by a common epineural sheath and by the
sacral compartment fascia'’®. The nerve divides into its lar-
gest terminal branches, the tibial and common fibular nerves,
at the level of or distal to the piriformis muscle. In the infra-
gluteal region, both branches are separated from each other,
but they are still within one common epineural sheath'®. Due
to this anatomical characteristic, the parasacral approach is
frequently successful and the local anesthetic has a predic-
table dispersion through the sheath of the sciatic nerve with
a single injection of a relatively small volume through the
sacral compartment fascia'?. However, in the infragluteal-
parabiceps approach, double injection guarantees faster
onset of action and better quality of the neural blockade in
both terminations of the sciatic nerve, allowing greater proxi-
mity of the injection to its site of action*5202!, Besides, it has
been demonstrated that when the sciatic nerve is approa-
ched below the piriformis muscle the double-injection tech-
nique is necessary to obtain success rates similar to that of
the parasacral approach with a single injection®. For this
reason, we used the double injection in the infragluteal-pa-
rabiceps approach of the sciatic nerve.

The intra-epineural administration of the local anesthetic can
explain the complete neural blockade observed in two
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patients who underwent infragluteal-parabiceps SNB
immediately after the first injection with half of the pre-es-
tablished volume of local anesthetic.

The up-and-down method of Massey and Dixon has been
used to calculate the volume, dose, or concentration of local
anesthetic in 50% of the cases'??. The need of a smaller
study population, when compared with randomized methods,
and the reduction in the incidence of failures represent the
greatest advantages of this method'>%. However, it does not
estimate the volumes of local anesthetics necessary to pro-
mote anesthesia in 95% and 99% of the patients, which
would be clinically more relevant®. For this reason, Probit
regression was used to calculate the estimated volumes of
anesthetic effective in 95% and 99% of the patients?. Both
methods use normal distribution to estimate the effective
volumes. Methods that use normal distribution in a wide
margin cannot be used to calculate extreme percentages,
since those estimates require the assumption that the phe-
nomenon has normal distribution. Logarithm transformation,
such as the one used in the present study, can promote nor-
mal parameters in relation to the mean, but it fails to assume
normalcy in extreme ranges of distribution'. Narrow confi-
dence intervals for effective volumes in 95% and 99% of the
patients can reflect this limitation. In fact, an extensive study
on distribution involving hundreds of observations would be
necessary to guarantee normalcy in narrow ranges', which
is not feasible in most clinical research centers.

Success was defined as complete neural blockade of the
tibial and common fibular components of the sciatic nerve.
This criterion revealed to be too strict since, to allow the sur-
gery on the area of sciatic innervation, only one patient re-
quired general anesthesia to complete the surgery, even in
the face of incomplete motor blockade. In the present study,
it was decided to compare the effective volume of two local
anesthetics frequently used, i.e., 0.5% ropivacaine and 0.5%
bupivacaine with 1:200,000 epinephrine. Due to the addition
of epinephrine to bupivacaine, the potency of both drugs was
not compared.

We concluded that the effective volumes of local anesthetics
in 50% of the cases were significantly lower for the single in

19. Vloka JD, Hadzic A, Lesser JB et al. - A common epineural sheath
for the nerves in the popliteal fossa and its possible implications
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jection in the parasacral approach than in the double injec-
tion in infragluteal-parabiceps SNB. A difference in predicted
volumes associated with the probability of a blockade in 95%
and 99% of the cases after 30 minutes was not observed.
Besides, in the same approach, similar volumes of 0.5%
ropivacaine and 0.5% bupivacaine with 1:200,000 adrenaline
were necessary for successful sciatic nerve block.
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RESUMEN

Helayel PE, Conceicdo DB, Knaesel JA, Ceccon MS, Dal Mago AJ,
Oliveira Filho GR - Volumenes Anestésicos Efectivos en el Bloqueo
del Nervio Isquidtico: comparacion entre los Abordajes Parasacral e
InfraglUteo-Parabicipital con Bupivacaina a 0,5% con Adrenalina y
Ropivacaina a 0,5%.

JUSTIFICATIVA'Y OBJETIVOS: El volumen y la masa de las so-
luciones de anestésico local (AL), influyen en la tasa de éxito de
los bloqueos periféricos. Asi, el objetivo principal del estudio fue
determinar los volumenes de anestésico local para el bloqueo del
nervio isquiatico (BNI) en los abordajes parasacral e infragluteo-
parabicipital.

METODO: Ciento y un pacientes se ubicaron aleatoriamente en 4
grupos y fueron sometidos al BNI para los abordajes infragltiteo-
parabicipital o parasacral, utilizando ropivacaina a 0,5% o bupi-
vacaina a 0,5% con adrenalina 5 ug.mL™". El éxito se definié6 como
bloqueo sensitivo y motor completo del nervio isquiatico 30 minu-
tos después de la inyeccion del AL. Los volumenes se calcularon
a través del método up-and-down.

RESULTADOS: En el abordaje parasacral, el volumen efectivo pro-
medio de la ropivacaina fue de 17,6 mL (IC 95%: 14,9 - 20,8) y el
de la bupivacaina 16,4 mL (IC 95%: 12,3 - 21,9). En el abordaje
infragluteo-parabicipital el volumen efectivo promedio de la ropi-
vacaina fue 21,8 mL (IC 95%: 18,7 - 25,5) y bupivacaina 20,4 mL
(IC 95%: 18,6 - 22,5). Los volimenes fueron significativamente me-
nores (p < 0,01) en el abordaje parasacral al compararlos con el
infragliteo-parabicipital. En la estimativa de la regresion de Probits
para volumenes efectivos en un 95% de los pacientes, los volu-
menes en el abordaje parasacral fueron 21,8 mL para la ropivacai-
na y 20,5 mL para la bupivacaina; y en el infragluteo-parabicipital
fueron 27,2 mL en la ropivacaina y 25,56 mL en la bupivacaina. El
volumen efectivo en un 99% de los pacientes, en el BNI parasacral,
para la ropivacaina fue 24 mL y para la bupivacaina 22,5 mL; y 29,9
mL de ropivacaina y 28,0 mL de bupivacaina en el grupo infragltteo-
parabicipital.

CONCLUSIONES: Se hicieron necesarios volumenes significati-
vamente menores en el abordaje parasacral del BNI al compararlos
con el abordaje infragluteo-parabicipital, pero los volimenes anes-
tésicos no fueron diferentes entre los AL.
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