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RESUMO

Hortense A, Perez MV, Amaral JLG, Oshiro ACMV, Rossetti HB —
Bloqueio do Plexo Braquial por Via Interescalénica. Efeitos sobre a
Fungé&o Pulmonar.

JUSTIFICATIVA E OBJETIVOS: A via interescalénica € um dos
acessos mais comumente utilizados no bloqueio do plexo braquial.
Todavia, tem-se demonstrado associagdo dessa técnica com o blo-
queio do nervo frénico ipsilateral. A disfungéo diafragmatica dari re-
sultante provoca alteragbes na mecanica pulmonar, potencialmente
deletérias em pacientes com limitacdo da reserva ventilatoria. O ob-
jetivo do estudo foi avaliar a repercussdo do bloqueio interescalénico
sobre a fungdo pulmonar por meio da medida da capacidade vital
forcada (CVF).

METODO: Estudo duplamente encoberto com 30 pacientes, estado
fisico | ou Il (ASA), distribuidos aleatoriamente em dois grupos de
15. Foi administrada solugdo a 0,5% de ropivacaina (Grupo Ropi)
ou bupivacaina a 0,5% com epinefrina (Grupo Bupi). O bloqueio foi
realizado utilizando estimulador de nervo periférico e sendo injetados
30 mL de anestésico local. Quatro espirometrias foram realizadas em
cada paciente: antes do bloqueio, 30 minutos, 4 e 6 horas apds. Os
pacientes ndo receberam sedagéo.

RESULTADOS: Um paciente do Grupo Ropi e trés pacientes do Gru-
po Bupi foram excluidos do estudo por falha de bloqueio. A redugéo
da CVF no Grupo Ropi foi maxima aos 30 minutos (25,1%) e a partir
de entao houve tendéncia progressiva a recuperagdo. Ja com bupiva-
caina, a redugdo da CVF pareceu ser menos acentuada nos diversos
momentos estudados; observou-se redugdo adicional entre 30 minu-
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tos (15,8%) e 4 horas (17,3%), sendo esta sem diferenca estatistica.
A partir de 4 horas, notou-se tendéncia a recuperagdo. Em ambos os
grupos, apds 6 horas de bloqueio a CVF encontra-se ainda abaixo
dos valores prévios.

CONCLUSOES: O bloqueio interescalénico reduz a CVF na maioria
dos casos; as alteragbes foram mais acentuadas no Grupo Ropiva-
caina.

Unitermos: ANESTESICO, Local: bupivacaina; TECNICAS ANES-
TESICAS, Regional: plexo braquial; SISTEMA RESPIRATORIO: fun-
¢ao respiratéria

SUMMARY
Perez MV, Hortense A, Amaral JLG, Oshiro ACMV, Rossetti HB — In-
terscalene Brachial Plexus Block. Effects on Pulmonary Function.

BACKGROUND AND OBJECTIVES: The interscalene is one of the
most common approaches used in brachial plexus block. However,
the association of this approach with the ipsilateral blockade of the
phrenic nerve has been demonstrated. The resulting diaphragmatic
dysfunction causes changes in lung mechanics, which can be po-
tentially deleterious in patients with limited respiratory reserve. The
objective of the present study was to evaluate the repercussion of in-
terscalene brachial plexus block on pulmonary function by measuring
forced vital capacity (FVC).

METHODS: This is a double-blind study with 30 patients, physical sta-
tus ASA | or Il, randomly separated into two groups of 15 patients each;
0.5% ropivacaine (Ropi Group) or 0.5% bupivacaine with epinephrine
(Bupi Group) was administered. A peripheral nerve stimulator was used,
and 30 mL of the local anesthetic were administered. Four spirometries
were done in each patient: before the blockade, 30 minutes, four hours,
and six hours after the blockade. Patients were not sedated.

RESULTS: One patient in the Ropi Group and three patients in the
Bupi Group were excluded from the study due to failure of the blocka-
de. The Ropi Group showed maximal FVC reduction at 30 minutes
(25.1%), with a tendency for recovery from this point on. With bupiva-
caine, the reduction in FVC was less important at the different study
moments; an additional reduction was observed between 30 (15.8%)
and four hours (17.3%), but it was not statistically significant. A ten-
dency for recovery was observed from four hours on. In both groups,
the FVC six hours after the blockade was still below baseline levels.

CONCLUSIONS: Interscalene block reduces FVC in most cases.
Changes were more pronounced in the Ropivacaine group.

Keywords: ANESTHETIC, Local: bupivacaine; ANESTHETIC TE-
CHNIQUES, Regional: brachial plexus; RESPIRATORY SYSTEM:
respiratory function.
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Interscalene Brachial Plexus Block.
Effects on Pulmonary Function

Alexandre Hortense, M.D., Marcelo Vaz Perez, M.D., Jose
Luis Gomes do Amaral, TSA, M.D., Ana Cristina Martins de
Vasconcelos Oshiro, M.D., Heloisa Baccaro Rossetti

INTRODUCTION

The interscalene is one of the approaches used more of-
ten in brachial plexus block. However, the association of
this technique with ipsilateral phrenic nerve block has been
demonstrated'?. The resulting diaphragmatic dysfunction
causes changes in lung mechanics, asymptomatic in the ma-
jority of healthy patient, but potentially deleterious with limited
respiratory reserve®. This technique is not recommended for
patients with severe pulmonary disease*. Urmey and McDo-
nald (1992) contraindicated the interscalene block in patients
who do not tolerate a 25% reduction in pulmonary function®.
The objective of the present study was to evaluate the effects
of the interscalene brachial plexus block, with 0.5% bupivacai-
ne associated with epinephrine 1:200,000 or 0.5% ropivacai-
ne on pulmonary function.

METHODS

After approval by the Research Ethics Committee of the Uni-
versidade Federal de Sdo Paulo and signing of the informed
consent, 30 patients (between 14 and 67 years of age), physi-
cal status ASA | or Il (American Society of Anesthesiologists),
scheduled to undergo interscalene brachial plexus block for
elective upper limb surgery, were included in this study. Pa-
tients with failure of the blockade (insufficient analgesia for the
surgical procedure) were excluded.

To calculate the size of the study population, the FVC was
considered the main variable. When comparing both groups,
an alpha error of 0.05 was accepted, as well as an expected
difference among the means of 15%, and 20% within each
group. The aim was a study power of 80%.

Patients were randomly separated into two groups, with 15
patients each, who received 30 mL of 0.5% ropivacaine (Ropi
Group) or bupivacaine associated with epinephrine 1:200,000
(Bupi Group).

Patients were taken to the operating room without pre-anes-
thetic medication, after an 8-hour fasting period, monitored,
and basal spirometry (Koko Spirometer®) was done to deter-
mine the forced vital capacity (FVC).

Ringer's lactate (6 mL.kg'.h-') was administered through a
20G venous access. Monitoring consisted of electrocardios-
cope (D, and Vs), pulse oximetry, and blood pressure every
five minutes.

After local antisepsis, the needle (Stimuplex® A 50 mm) was
connected to the peripheral nerve stimulator (Stimuplex® —
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DIG). The depression between the anterior and middle sca-
lene muscles was identified by palpation, and the puncture
was performed at the level of the cricoid cartilage. With an
initial current of 1 mA and frequency of 1 Hz, the needle was
introduced in the medial, caudal, and slightly posterior direc-
tion®. Proper positioning of the distal extremity of the needle
on the brachial plexus was confirmed by the presence of one
or more of the following signs: wrist extension/flexion, flexion
of the forearm, or contraction of the deltoid muscle. If the mo-
tor response was still positive with currents below 0.5 mA, 30
ml of the anesthetic was injected. In all patients, the inters-
calene block was complemented with intercostobrachial and
medial brachial nerve block with 5 mL of 1% lidocaine with
epinephrine 1:100,000 (2.5 pg.mL), since those nerves are
T, branches.

Spirometries were performed, according to the norms of the
Brazilian consensus on spirometry’, before the blockade, and
30 minutes and four and six hours after the blockade. Patients
were not sedated during the study.

Paired Student t test was used to compare the percentage
variation in FVC before and after the blockade in each group,
and non-paired Student ¢ test was used for intergroup compa-
rison at each moment of the study. P < 0.05 was considered
significant.

RESULTS

One patient in the Ropi Group and three in the Bupi Group
were excluded from the study due to failure of the blockade.
Two patients (one in each group) did not have the spirometry
at 30 minutes after the blockade done due to dyspnea. Two
patients in the Ropi Group did not have the spirometry done
four hours after the blockade because they were still under-
going a surgical procedure.

Table | shows the demographic data of the study patients.
Both groups were homogenous regarding weight (Ropi group:
70.4 + 9.4 versus Bupi group: 64.1 + 12.3; p = 0.154), gender
(p = 0.926), and height (Ropi group: 165.8 + 11.5 versus Bupi
group: 169.2 + 11; p = 0.453). However, a statistically signifi-
cant difference was observed in the age of both groups (Ropi
group: 42.9 + 11.8 versus Bupi group: 29.9 + 11.5; p = 0.01)
and body mass index (Ropi group: 25.7 + 3.2 versus Bupi
group: 22.3 = 3; p = 0.01).

Table | — Demographic Data

Ropi Group Bupi Group
(n=14) (n=12) P
Gender (M/ F) 9/5 715 0.926 (ns)
Age (years) * 429+ 11.8 299+ 11.5 0.01#
Weight (kg) * 704 +£9.4 64.1+£12.3 0.154 (ns)
Height (cm) * 165.8 +11.5 169.2 = 11 0.453 (ns)
BMI (kg.m-2) * 257 +£3.2 2233 0.01#

*Results expressed as Mean + Standard Deviation
BMI = body mass index; p = statistical significance < 0.05; ns = non-significant;
# = significant.
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Table Il — Comparison of FVC (percent variation) between
the Study Groups

Ropi Group Bupi Group p
% FVCgy 74.9 =101 84.2+11.1 0.042*
(n=13) (n=11)
% FVC, 75.6 +12.2 82.7+11.6 0.156 (ns)
(n=12) (n=12)
% FVCq 81.3+13.5 87 + 15 0.317 (ns)
(n=14) (n=12)

%FVC 4, = percentage of forced vital capacity 30 minutes after the blockade;
%CVF , = percentage of forced vital capacity 4 hours after the blockade; %FVCg
= percentage of forced vital capacity 6 hours after the blockade; p = statistical
significance < 0,05; na = non-significant; * = significant.

Evolution of Forced Vital Capacity along Time

Assessment of the percentage evolution of the FVC of all pa-
tients in each group included the comparison of the values
obtained before the blockade (FVC,) with those observed 30
minutes (FVCy), four (FVC,), and six hours (FVCs) after the
blockade, as well as comparison the results obtained 30 minu-
tes and 4 hours after the blockade, 30 minutes and six hours
after the blockade, and four and six hours after the blockade.
The results of the FVC before the blockade were considered
equal to 100%.

In the Ropi group, a reduction in FVC (100 + O versus 74.85 +
10.1, p = 0.000%) was observed 30 minutes after the blockade,

which remained below baseline levels up to six hours after
the blockade (100 + 0 versus 81.3 + 13.5, p = 0.000%). Signi-
ficant differences in FVC at 30 minutes and four hours were
not observed (76 + 10.3 versus 76.9 = 11, p = 0.632 NS), but
a tendency for recovery could be observed between four and
6 hours (75.6 + 12.2 versus 83.5 = 13.2, p = 0.003%).
Analysis of the Bupi group 30 minutes after the blockade
showed a reduction in FVC (100 + 0 versus 84.2 + 111, p =
0.000%), which remained below baseline levels up to six hours
after the blockade (100 + O versus 87 + 15, p = 0.012%). Signi-
ficant changes in FVC were not observed between 30 minutes
and four hours (84.2 + 11.1 versus 82.4 + 12.1, p = 0.362 NS).
However, a tendency for recovery was observed between four
and six hours after the blockade (82.7 + 11.6 versus 87 + 15,
p = 0.037%).

Thus, greater reduction in forced vital capacity was observed
30 minutes after the blockade in the Ropi Group. Between four
and six hours, this difference is not significant. Figure 1 shows
the behavior of the FVC in both groups during the study.
Maximal reduction in FVC in the Ropivacaine Group was ob-
served 30 minutes after the blockade, and the chart indicates
a tendency for recovery from this point on. With bupivacaine,
the reduction in FVC at the different study moments was less
pronounced; the FVC reduced even further between 30 minu-
tes and four hours (this difference was not statistically signifi-
cant) and, from four hours on, a tendency for recovery can be
observed. In both groups, the FVC remained below baseline
levels six hours after the blockade.

Bupi Group

Ropi Group

% FVC

100 —

80

60 —

40

20

0 f
0.5 (30 min)

04 06 time (h)

The reduction in FVC in the ropivacaine group reached its maximum after 30 minutes
and, from then on, a tendency for recovery can be observed. In the bupivacaine group, the
reduction in FVC is less marked throughout the study; an additional reduction was
observed between 30 minutes and 4 hours (not statistically significant), and, after four
hours, a tendency for recovery can be observed. After 6 hours, FVC was still below

baseline levels in both groups.

Figure 1 — Forced Vital Capacity (%FVC) Throughout the Study in Patients Undergoing Interscalene Brachial Plexus Block with 30 mL of a Solution

Containing 0.5% Ropivacaine or Bupivacaine
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DISCUSSION

Forced vital capacity was chosen to assess pulmonary func-
tion because diaphragmatic dysfunction causes restrictive
changes. Peak flow and forced expiratory volume in the first
second, used in some studies, are excellent for obstructive
changes. Arterial blood gases would not be sensitive enough
to detect changes in gas diffusion, which would probably be
irrelevant in patients ASA | and II.

Phrenic nerve block causes unilateral diaphragmatic paraly-
sis, which is expressed in pulmonary function tests®8. A mean
reduction of 25% was seen in 17 patients with pathologic he-
midiaphragmatic paralysis®.

Several investigators observed phrenic nerve block in almost
100% of patients undergoing interscalene brachial plexus
block'2. It can result from dispersion of a large volume of the
local anesthetic commonly used for surrounding structures®.
Phrenic nerve block can also be the result of the cephalad
dispersion of the local anesthetic, affecting more proximal cer-
vical segments (C; to Cs) that form the roots of this nerve!!.
Reduction in the volume of the local anesthetic and proximal
digital compression during infusion (in an attempt to avoid the
cephalad dispersion) do not seem to decrease the frequency
and degree of the diaphragmatic paralysis'?13.

In the present study, significant reduction in FVC after inters-
calene block was observed in both groups. Maximal percen-
tage reductions in FVC were 25.15%, in the Ropi Group, and
17.3%, in the Bupi Group. Variations in weight, height, and
age were tolerated because the analysis focused on the varia-
tion of individual parameters during the study, and the patient
was his/her own control.

Umery & Mcdonald (1992), observed, after interscalene block
with 45 mL of 1.5% mepivacaine (in 8 patients), a reduction in
FVC of 27 + 4.3%5. In another study, Urmey & Gloeggler (1993)
observed a reduction of 40.9% + 11.7% in patients who recei-
ved 45 mL of 1.5% mepivacaine (10 patients), and 32 + 8.9% in
patients who received 20 mL of the same drug (10 patients)'.
Dagli et al. (1998), using 20 mL of 1% lidocaine and 20 mL of
0.5% bupivacaine in posterior interscalene block, observed a
mean reduction of 36.8% in FVC (29 patients)?®.

The volume and concentration used in the present study
are commonly used; besides, bupivacaine and ropivacaine
in concentrations of 0.5% produce similar blockade, both in
interscalene'® and axillary blocks'”-'8. Changes in FVC after
interscalene blocks are common, but they are not observed in
all cases. Spirometry might be normal, even in the presence
of bilateral diaphragmatic dysfunction, especially when done
with patients in the orthostatic position’®.

In this study, changes in FVC were not observed in one pa-
tient in the Ropi Group. In the Bupi Group, four patients sho-
wed a reduction of less that 10% throughout the study. In tho-
se cases, either phrenic nerve block was not present or they
were capable of maintaining the forced vital capacity using the
accessory muscles of respiration.

In the ropivacaine group, maximal FCV reduction was seen
30 minutes after the blockade, and a tendency for recovery
was observed from 4 hs on. In the Bupi Group, the additional
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reduction between 30 minutes and 4 hours was not signifi-
cant. After six hours, FVC remained below baseline levels in
both groups. It was not possible to determine which anesthetic
produced more prolonged reduction in FVC, since the obser-
vation period was limited to six hours.

Two patients complained of dyspnea 30 minutes after the
blockade, and they were unable to complete the spirometry.
However, four and six hours after the blockade, their spiro-
metry was successfully done. In healthy patients, this change
in diaphragmatic mobility after interscalene block is usually
asymptomatic, except when patients are anxious?.

The ratio of the anesthetic potency between bupivacaine and
ropivacaine is 1.3/12'. Besides, ropivacaine causes less motor
blockade than bupivacaine??. Therefore, less severe changes
in pulmonary function were expected in the Ropi Group. But
that was not the case; patients in this group showed more ex-
pressive changes in pulmonary function at 30 minutes, a sig-
nificant difference was observed between both groups (FVCs,
Ropi Group 74.9 + 10.1 versus FVCy, Bupi Group 84.2 + 11.1
p = 0.042%).

Indeed, comparing bupivacaine and ropivacaine, both at a
concentration of 0.33%, bupivacaine is associated with grea-
ter changes in pulmonary function23. However, in the present
study, a higher concentration (0.5%), probably above the mi-
nimal effective concentration (the lower anesthetic concentra-
tion capable of blocking nerve conduction) capable of blocking
the motor fibers of the phrenic nerve, was used?*. The diffe-
rences in FVC between both groups were not significant four
and six hours after the blockade. One could consider that the
difference observed 30 minutes after the blockade was a re-
flection of the faster motor blockade of ropivacaine. But this is
not corroborated by the literature: the latency for the maximal
blockade of the phrenic nerve in interscalene brachial plexus
block is approximately 15 minutes*.

Analysis of the data obtained in this study allows the conclu-
sion that interscalene brachial plexus block with 0.5% bupiva-
caine associated with epinephrine 1:200,000 or with 0.5% ro-
pivacaine: a) Reduces FVC in most cases; b) Changes were
more pronounced in the Ropi Group; ¢) Those changes were
maintained for at least six hours and they were not associated
with relevant clinical repercussions.
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RESUMEN

Hortense A, Perez MV, Amaral JLG, Oshiro ACMV, Rossetti HB —
Blogueo del Plexo Braquial por Via Interescalénica. Efectos sobre la
Funcién Pulmonar.

JUSTIFICATIVA Y OBJETIVOS: La via interescalénica es uno de los
accesos mds a menudo utilizados en el bloqueo del plexo braquial.
Sin embargo, se ha demostrado una asociacion de esa técnica con
el bloqueo del nervio frénico ipsilateral. La disfuncion diafragmatica
de resultas de esa asociacion, provoca alteraciones en la mecanica
pulmonar, potencialmente perjudiciales en pacientes con una limita-
cion de la reserva ventilatoria. El objetivo del estudio fue evaluar la
repercusion del bloqueo interescalénico sobre la funcion pulmonar
por medio de la medida de la capacidad vital forzada (CVF).

METODO: Estudio doble ciego, con 30 pacientes, estado fisico | o Il
(ASA), distribuidos aleatoriamente en dos grupos de 15. Se administro
solucion a 0,5% de ropivacaina (Grupo Ropi) o bupivacaina a 0,5% con
epinefrina (Grupo Bupi). El bloqueo fue realizado utilizando estimulador
de nervio periférico e inyectando 30 mL de anestésico local. Cuatro espi-
rometrias se hicieron en cada paciente: antes del bloqueo, 30 minutos, 4
y 6 horas después. Los pacientes no recibieron sedacion.

RESULTADOS: Un paciente del Grupo Ropi y tres pacientes del Grupo
Bupi, quedaron excluidos del estudio por fallos de bloqueo. La reduccion
de la CVF en el Grupo Ropi se hizo maxima a los 30 minutos (25,1%) y
a partir de entonces, hubo una tendencia progresiva a la recuperacion.
Ya con la bupivacaina, la reduccion de la CVF parecié ser menos acen-
tuada en los diversos momentos estudiados; se observo una reduccion
adicional entre 30 minutos (15,8%) y 4 horas (17,3%), siendo esa sin
diferencia estadistica. A partir de 4 horas, se noto una tendencia a la re-
cuperacion. En los dos grupos, después de 6 horas de bloqueo, la CVF
todavia estaba por debajo de los valores previos.

CONCLUSIONES: EI blogueo interescalénico reduce la CVF en la

mayoria de los casos; las alteraciones fueron mds acentuadas en el
Grupo Ropivacaina.
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