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Abstract

Objective: Interlaminar cervical epidural steroid injections (ICESIs) are commonly used to treat
axial neck pain and cervical radicular pain. However, local anesthetics can spread to and block the
phrenic nerve and upper segments of the thoracic spinal cord where the sympathetic innervation
of the lungs emerges. Therefore, changes in lung function may occur following ICESIs.
Methods: The primary outcome measure was the pulmonary function test (PFT) result
30 minutes before and after ICESI with ropivacaine (0.1875% or 0.25%). The secondary outcome
measure was the comparison of the pain scores and functional disability between the two
concentrations of ropivacaine 4 weeks after the ICESIs.

Results: Fifty patients were randomly assigned to either the RI (0.1875% ropivacaine) or R2
(0.25% ropivacaine) group. No significant difference was observed between the pre-ICESI and
30-minute post-ICESI PFT results within each group, and no difference was observed between the
two groups. After 4 weeks of treatment, both groups showed a significant decrease in pain scores
and functional disability; however, no significant differences were observed between the two
groups.

Conclusions: This study showed no significant change in lung function after ICESIs in either
group and no local anesthetic concentration-based difference in the clinical efficacy of the ICESlIs.
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Introduction

Interlaminar cervical epidural steroid injec-
tions (ICESIs) are commonly used to treat
axial neck pain and cervical radicular pain.’
Although the long-term effectiveness of
ICESIs is controversial, ICESIs are an
effective treatment option for patients who
are unable or unwilling to undergo surgical
interventions.’

Although there is a consensus across dis-
ciplines that ICESIs are safe, the complica-
tion rate is considered to be higher in the
cervical spine than in the lumbar spine.’
The reported complication rates associated
with ICESIs range from 0.0% to 16.8%.*
Complications of ICESIs range from
minor effects to death,* and one possible
complication is respiratory insufficiency.’
Although respiratory compromise is rare,*
it can occur in patients with lung disease or
advanced age.>®

When performing ICESIs, the local anes-
thetics (LAs) can spread to approximately
five vertebral segments in both the cephalad
and caudad directions.” Accordingly, LAs
can block the phrenic nerve (C3—C5) and
the upper segments of the thoracic spinal
cord where the sympathetic innervation of
the lungs emerges. Sympathetic neurons
that innervate the lungs are located in the
stellate ganglia and T2-T4 sympathetic
chain ganglia.®’

In ICESIs, low-concentration LAs are
used to alter the nociceptive process, result-
ing in excess release of neurotransmitters,
nociceptive sensitization of the nervous
system, and  phenotype  changes.'”

However, low-concentration LAs do not
block motor nerve fibers. Accordingly,
many pain physicians believe that lung
function will not change after ICESIs.
However, many studies have revealed a
decrease in lung function despite the use
of low-concentration LAs in various block-
ades performed in the cervical region.''

Although these results cannot be directly
applied to ICESIs, we hypothesized that
low-concentration LAs can decrease lung
function by blocking the upper thoracic
spinal cord and phrenic nerve, even in
ICESIs. To the best of our knowledge, no
studies have evaluated lung function in
patients undergoing ICESIs. Therefore,
our primary objective in the present study
was to evaluate the changes in pulmonary
function test (PFT) results in patients
undergoing ICESIs using common low-
concentration LAs (ropivacaine 0.1875%
or 0.25%),">"'" and our secondary objective
was to compare the clinical efficacies (pain
scores and functional disability) of different
concentrations of LAs.

Materials and methods

This randomized controlled trial was
approved by the institutional review board
of Ewha Womans University Mokdong
Hospital (EUMC 2019-04-031-011) and is
registered with the Clinical Research
Information Service (registration number:
KCT0004343). This study was conducted
according to the tenets of the Declaration
of  Helsinki.  Written consent  for
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participation was obtained from all patients
before enrollment in the study group. The
reporting of this study conforms to the
CONSORT statements.'®

Randomization and blinding

Fifty patients were enrolled and randomly
assigned (1:1) to either the RI1 group
(0.1875% ropivacaine) or R2 group (0.25%
ropivacaine) using a computer-generated
randomization schedule. The random num-
bers were kept in a sealed location and
opened by a pain nurse who was not
involved in this study. Sterile syringes con-
taining two concentrations of ropivacaine
(0.1875% or 0.25%) were prepared in a
double-blind manner by a pain nurse. All
procedures were performed by the corre-
sponding author (KWJ), who was blinded
to the concentrations of the administered
injectates, and a resident, who was blinded
to the study objectives.

Participants

The inclusion criteria were (a) an age of
20 to 70 years; (b) herniated nucleus pulpo-
sus and/or cervical stenosis after a series
of physical, neurological, and magnetic
resonance imaging examinations; (c) no
therapeutic ICESIs within the previous
6 months; (d) a pain intensity score of
>4 on a numeric rating scale (NRS) (0: no
pain, 10: worst pain imaginable) during the
conservative treatment period; and (e) no
prior surgery. The exclusion criteria were
(a) refusal to participate, (b) pregnancy,
(c) cognitive impairment, (d) coagulation
disorder, (e) acute infection, (f) long-term
oral steroid therapy, (g) allergy to contrast
media or LAs, (h) neuromuscular disorder,
and (i) cardiopulmonary disorders, includ-
ing a history of lung disease or lung surgery.

Procedures

To prepare for an emergency, an intrave-
nous route was secured before the proce-
dure, and vital signs were monitored
during the procedure. The patients were
placed in the prone position on a table, dis-
infected with betadine, and draped. After
confirming the insertion point (C7/T1) of
the needle with the anteroposterior (AP)
view, a 22-gauge Tuohy needle was inserted
ipsilaterally in the lesion through a parame-
dian approach using the AP view (Figure 1
(a)). The needle was advanced while moni-
toring the depth using the lateral view until
it reached the spinolaminar line. Once
the needle reached the spinolaminar line,
the epidural space was identified using the
loss-of-resistance technique (Figure 1(b)).
When loss of resistance was confirmed,
ImL of contrast medium was injected
using real-time images to confirm the epi-
dural space in the AP view (Figure 1(c)) and
lateral view (Figure 1(d)); the absence of
intravascular, subarachnoid, or extra-
epidural injections was also confirmed.
Next, SmL of 0.1875% or 0.25% ropiva-
caine with 5mg of dexamethasone was
injected into the epidural space.

Outcome measures

The primary outcome measure was lung
function. The PFTs were performed with
the patients resting in a sitting position
30 minutes before and after the ICESIs.
The PFTs included forced vital capacity,
forced expiratory volume in 1 second, and
peak expiratory flow rate measured using a
spirometer (Pony Fx; COSMED Srl, Rome,
Italy). A well-fitted mouthpiece was used to
prevent air leakage, and the patient’s nose
was closed using a nose clip. PFTs were
performed twice for each patient, and the
test with the more accurate value was
selected.
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Figure |. Interlaminar cervical epidural steroid injection procedure.
(a) Needle positioned at the C7/T| interlaminar space. (b) Pre-contrast needle positioned near the
spinolaminar line. (c) Anteroposterior fluoroscopic image with | mL of contrast medium and (d) Lateral

fluoroscopic image with | mL of contrast medium.

The secondary outcome measures were
pain scores and functional disability. The
intensity of neck and radicular pain was
evaluated using the NRS, and functional
disability was evaluated using the Korean
version of the Neck Disability Index
(NDI) (score range, 0-50)." In addition,
data related to each patient’s age, sex,
height, weight, hypertension, diabetes mel-
litus, pain duration and location, treatment
history  (including  the  Medication
Quantitative Scale (MQS) score), and etiol-
ogy were collected. The MQS was used to
quantify the patients’ medications. An
MQS score was calculated for each pain-
related medication based on weights

assigned by pharmacologic class and
dosage level; these scores were summed to
calculate the total MQS score.”® Sensory
changes were evaluated based on pinprick
and cold sensations (0: absent, 1: altered,
and 2: normal), and motor weakness was
evaluated using a 5-point scale (0: no con-
traction to 5: normal strength) 30 minutes
after the procedure. Adverse effects were
also noted.

Statistical analysis

To examine the validity of the study, a
power analysis for sample size estimation
was performed using G*Power, version 3.1
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(Heinrich Heine University, Diisseldorf,
Germany). We calculated the sample size
based on data from a previous study.”!
Fifty patients (23 per group, dropout rate:
10%) were determined to be necessary with
a power of 0.95 and an o value of 0.05.
The Shapiro-Wilk test was used to
examine the normality of continuous
variables.  Continuous variables are
expressed as mean =+ standard deviation or
median (interquartile range), and categori-
cal variables are presented as numbers.
Demographic data, changes in PFT results,
pain scores, and functional status were ana-
lyzed using Student’s ¢-test, the Mann—
Whitney U test, the chi-square test, the
paired t-test, or the Wilcoxon signed-rank
test, as appropriate. Two-sided p-values of
<0.05 were considered statistically signifi-
cant. All statistical analyses were performed
using PASW Statistics for Windows,
Version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

From August 2019 to September 2021,
50 patients were randomized into the R1
or R2 group. One patient in the R1 group
and two patients in the R2 group were lost
to follow-up (Figure 2). The basic charac-
teristics of the two groups are shown in
Table 1. No statistically significant differ-
ences were observed between the groups.

The PFT results of each group are shown
in Table 2. No significant difference was
observed between the pre-ICESI and 30-
minute post-ICESI PFT results within
each group (Table 2), and no difference
was observed between the two groups
(Table 3).

Moreover, no significant differences in
the baseline NRS scores for neck and radic-
ular pain or the NDI scores were observed
between the two groups. After 4 weeks of
treatment, both groups showed significant

Enrollment

‘ Assessed for eligibility (n=51) ‘

Excluded (n=1)
« Declined to participate (n=1)

Randomized (n=50)

L

l f Allocation )

Allocated to R1 group (n=25)
« ICESIs using 0.1875% ropivacaine (n=25)

| Follow-Up

Allocated to R2 group (n=25)
+ ICESIs using 0.25% ropivacaine (n=25)

Lost to follow-up at 4 weeks after treatment
(n=1)

y Analysis
)

Lost to follow-up at 4 weeks after treatment
(n=2)

Analysed (n=24)

Analysed (n=23)

Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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Table I. Demographic data.

Variables RI group (n=24) R2 group (n=23) p-value
Age, years 525+£9.6 54.7+9.5 0.445
Sex, M/F 12/12 11712 0.882
Height, cm 162.4+7.8 165.6 £8.5 0.182
Weight, kg 638+ 11.9 64.0+10.3 0.939
Hypertension 5 4 0.764
Diabetes mellitus 3 2 0.672
Pain duration, months

0-3/3-6/6—12/ > 12 6/1/2/15 107171711 0.587
Location of pain, left/right 10/14 13/10 0.308
Medication Quantification Scale score 54+ 1.5 54+ 1.4 0.953
Etiology

HNP/spinal stenosis/spinal stenosis with HNP 10/0/14 10/0/13 0.900

Single level/multiple levels 2/22 3/20 0.601

Bulging/protrusion/extrusion/sequestration 2/19/3/10 1721/1/0 0.493

Foraminal stenosis 14 13 0.900

Anterolisthesis or retrolisthesis 3 | 0317

Values are presented as mean =+ standard deviation or number of patients.
HNP, herniated nucleus pulposus; M, male; F, female.

Table 2. Lung function data.

Variable (% of RI group R2 group

predictive value) (n=24) (n=123)

FvC
Pre-ICESI 101.00 (22.00) 98.78 +10.32
Post-ICESI 99.00 (22.50)  97.30+10.76
p-value 0.9661 0.582%

FEVI
Pre-ICESI 99.08+19.93  99.00 (26.00)
Post-ICESI 9850+ 17.16  94.00 (15.00)
p-value 0.850% 0.8621

PEFR
Pre-ICESI 81.67+2858  68.524+29.01
Post-ICESI 81.46 2260  64.30+25.21
p-value 0.959* 0.439*

Values are presented as mean = standard deviation or
median (interquartile range).
*Paired t-test, TWilcoxon signed-rank test.

FVC, forced vital capacity; FEVI, forced expiratory
volume in | second; PEFR, peak expiratory flow rate.

alleviation of neck and radicular pain
according to the NRS scores (p <0.001)
and improvement in the functional status
according to the NDI scores (p <0.001).

In this regard, no significant differences
were observed between the two groups
(Figure 3).

No sensory changes or decreased motor
function was observed in either group, and
no serious adverse events occurred. No
dural puncture or subdural or intrathecal
injections occurred in either group. No
patients in either group developed infec-
tious complications, persistent paresthesia,
systemic steroid reactions, skin lesions, or
adverse reactions to contrast agents or
adjuvants.

Discussion

In the present study, lung function did not
change after ICESIs and did not differ
between the two LA concentrations.
Although pain scores and functional dis-
ability were significantly decreased after
ICESIs, no significant difference was
observed between the two groups.

When performing ICESIs, the needle
insertion point is usually at C7/T1 because
this site has the largest epidural space
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Table 3. Changes in lung function.

Variable (% of predictive value) RI group (n=24) R2 group (n=23) p-value
Change in FVC 1.50 (11.00) 5.00 (13.00) 0.312f
Change in FEVI 1.00 (11.75) 1.00 (14.00) 0.807%
Change in PEFR 0.21+19.73 422 £25.67 0.550%*

Values are presented as mean =+ standard deviation or median (interquartile range).

“t-test, fMann-Whitney U test.

FVC, forced vital capacity; FEVI, forced expiratory volume in | second; PEFR, peak expiratory flow rate.

1 R1 growp.
Rz group

° . -

=1 R1 groug
B R2 group

:

Baseling 4 weeks after treatment Baseline

4 woaks after traatment Baseling 4 weeks sfter treatment

Figure 3. Pain scores and functional status outcomes. (a) NRS for neck pain. (b) NRS for radicular pain and
(c) NDL. *p < 0.001 (pre-ICESI vs. post-ICESI; Wilcoxon signed-rank test).

NRS, numeric rating scale; NDI, Neck Disability Index.

relative to the dura and spinal cord in the
cervical spine, thereby providing more
room to work. Additionally, the cervical
ligamentum flavum can fail to fuse, thus
leaving gaps at all cervical levels; however,
lower failure rates have been reported at the
lower levels.?? In ICESIs, the volume of the
injectate significantly affects its longitudinal
spread in the epidural space. Generally, 2 to
10mL of injectate is considered adequate
for adults. Although many studies have
examined the optimal injection volume
when performing ICESIs, we selected
S5mL as the volume of the injectate because
Lee et al.” reported that the optimal volume
for distributing epidural medications in
patients with degenerative cervical diseases
is SmL. In their study, the mean numbers
of vertebral segments in the cephalad and
caudad directions of the contrast agent
were 5.5+ 1.3 and 5.2+ 3.6, respectively.’
Therefore, the injectate could reach the

C3-C5 (phrenic nerve) level and the upper
thoracic spinal cord where the sympathetic
innervation of the lungs emerges.

Several studies have shown that the
autonomic nervous system may be con-
nected to the respiratory system because
sympathetic neurons that innervate the
lungs are located in the stellate ganglia
and the T2-T4 sympathetic chain gan-
glia.®® LAs induce selective sympathetic,
sensory, and motor blockade depending
on the drug concentration®®; sympathetic
nerve fibers are blocked more easily than
any other fibers.”* One study showed that
after performing stellate ganglion block
using low-concentration LAs, PFT indices
were significantly decreased and paralysis
of the diaphragm occurred,'* which can
result from thoracic sympathetic block-
ade.'* Additionally, studies have demon-
strated phrenic nerve blockade and
decreased diaphragmatic function following
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the administration of low-concentration
LAs in the interscalene block.'" ' PFT
indices (i.e., forced vital capacity, forced
expiratory volume in 1 second, and peak
expiratory flow rate) were reduced in both
groups (ropivacaine 0.1% and 0.2%) com-
pared with the baseline pre-block values.''

Although the aforementioned results
cannot be directly applied to this study,
even in ICESIs, we hypothesized that low-
concentration LAs can spread to and block
the upper thoracic spine where the sympa-
thetic innervation of the lungs emerges and
that LAs spreading to the C3—C5 level can
block the phrenic nerve, which can cause
respiratory compromise. However, our
results confirmed no changes in the PFT
results. Although explaining this phenome-
non is difficult, we consider that SmL of a
low-concentration LA in ICESIs is unable
to block the motor fibers of the phrenic
nerve, resulting in the discrepancy in the
results between the present study and pre-
vious studies.

It is important to note that applying our
results to patients with lung disease or
advanced age may not be safe. Moreover,
our results may not be applicable if a high
volume of injectate is used for ICESIs. An
increased sensitivity to LAs, as in older
patients, may be due to lower numbers of
myelin fibers in the dorsal and ventral roots
and increased permeability due to myelin
sheath deterioration.® Moreover, increasing
the volume of LAs, even at low concentra-
tions, is associated with further impairment
of lung function in the interscalene
block.>

Our results showed that the NRS and
NDI scores were not significantly different
between the two groups. Few studies have
examined the effects of LA concentrations
on pain scores and functional disability.
Bartynski et al.*® evaluated the immediate
pain response to lumbar epidural steroid
injections using LAs and steroids (0.25%—
0.5% bupivacaine). They found that the

effect was independent of the LA concen-
tration used, which is consistent with the
results of the present study.

This study has several limitations. First,
it was conducted with only ropivacaine.
Therefore, the findings cannot be extrapolat-
ed to other LAs. Second, we did not confirm
epidural spreading. Third, we performed the
PFTs with the patients in the sitting position
only. Fourth, we enrolled a small number of
patients, and the statistical power was inad-
equate to identify slight differences in the
PFT results. Fifth, we did not analyze
long-term outcomes. Sixth, we injected only
one volume (5mL).

Conclusion

No significant changes in lung function
were observed in either group after
ICESIs, and no difference in the clinical
efficacy of ICESIs was found between the
two LA concentrations. Large multicenter
randomized controlled trials using high vol-
umes of injectates in ICESIs are warranted
to evaluate their effects on PFTs.

Acknowledgements

The authors would like to thank Jin SH and Jue
MJ for assisting in the manuscript preparation
and Lee HA for providing statistical advice.

Disclosure

The authors report no conflicts of interest in
this work.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work was
supported by a National Research Foundation of
Korea (NRF) grant funded by the Korean gov-
ernment (MSIT) (NRF-2019R1G1A1100523).

ORCID iD

Won-joong Kim () https://orcid.org/0000-0003-
2046-8690


https://orcid.org/0000-0003-2046-8690
https://orcid.org/0000-0003-2046-8690
https://orcid.org/0000-0003-2046-8690

Chae et al. 9
References 11. Wong AK, Keeney LG, Chen L, et al. Effect
1. Choi JW. Lim HW. Lee JY. et al. Effect of of local anesthetic concentration (0.2% vs

10.

. Derby

cervical interlaminar epidural steroid injec-
tion: analysis according to the neck pain pat-
terns and MRI findings. Korean J Pain 2016;
29: 96-102. 2016/04/23. DOI: 10.3344/
kjp.2016.29.2.96.

R, Lee SH, Kim BJ, et al
Complications following cervical epidural
steroid injections by expert interventionalists
in 2003. Pain Physician 2004; 7: 445-449.

. Bogduk N. Epidural steroids. Spine (Phila

Pa 1976) 1995; 20: 845-848. 1995/04/01.
DOI: 10.1097/00007632-199504000-00021.

. Abbasi A, Malhotra G, Malanga G, et al.

Complications of interlaminar cervical epi-
dural steroid injections: a review of the liter-
ature. Spine (Phila Pa 1976) 2007; 32:
2144-2151. 2007/09/01. DOI: 10.1097/BRS.
0b013e318145a360.

. Catchlove RF and Braha R. The use of cer-

vical epidural nerve blocks in the manage-
ment of chronic head and neck pain. Can
Anaesth Soc J 1984; 31: 188-191. 1984/03/
01. DOI: 10.1007/BF03015258.

. Hogan QH. Epidural anatomy examined by

cryomicrotome section. Influence of age,
vertebral level, and discase. Reg Anesth
1996; 21: 395-406. 1996/09/01.

. Lee SE, Joe HB, Park JH, et al. Distribution

range of cervical interlaminar epidural injec-
tions: a comparative study with 2.5mL, SmL,
and 10mL of contrast. Pain Physician 2013;
16: 155-164.

. Gilbey MP, Numao Y and Spyer KM.

Discharge patterns of cervical sympathetic
preganglionic neurones related to central
respiratory drive in the rat. J Physiol 1986;
378: 253-265. 1986/09/01. DOI: 10.1113/
jphysiol.1986.sp016218.

. Kummer W, Fischer A, Kurkowski R, et al.

The sensory and sympathetic innervation of
guinea-pig lung and trachea as studied by ret-
rograde neuronal tracing and double-labelling
immunohistochemistry. Neuroscience 1992; 49:
715-737. 1992/08/01. DOI: 10.1016/0306-4522
(92)90239-x.

Mao J and Chen LL. Systemic lidocaine for
neuropathic pain relief. Pain 2000; 87: 7-17.
DOI: 10.1016/S0304-3959(00)00229-3.

12.

13.

14.

15.

16.

17.

18.

0.1% ropivacaine) on pulmonary function,
and analgesia after ultrasound-guided inter-
scalene brachial plexus block: a randomized
controlled study. Pain Med 2016; 17:
2397-2403. 2016/12/28. DOI: 10.1093/pm/
pnw057.

Al-Kaisy AA, Chan VW and Perlas A.
Respiratory effects of low-dose bupivacaine
interscalene block. Br J Anaesth 1999; 82:
217-220. 1999/06/12. DOI: 10.1093/bja/
82.2.217.

Thackeray EM, Swenson JD, Gertsch MC,
et al. Diaphragm function after interscalene
brachial plexus block: a double-blind, ran-
domized comparison of 0.25% and 0.125%
bupivacaine. J Shoulder Elbow Surg 2013;
22: 381-386. 2012/09/06. DOI: 10.1016/;.
js€.2012.06.011.

Kim WIJ, Park HS, Yi MS, et al. Evaluation of
lung function and clinical features of the
ultrasound-guided stellate ganglion block
with 2 different concentrations of a local anes-
thetic: a randomized controlled trial. Anesth
Analg  2017; 124: 1311-1316. 2017/03/21.
DOI: 10.1213/ANE.0000000000001945.

Choi E, Nahm FS and Lee PB. Comparison
of contrast flow and clinical effectiveness
between a modified paramedian interlami-
nar approach and transforaminal approach
in cervical epidural steroid injection. Br J
Anaesth 2015; 115: 768-774. DOI: 10.1093/
bja/aev342.

Park CH, Lee SH and Lee SC. Preliminary
results of the clinical effectiveness of percu-
taneous adhesiolysis using a Racz catheter in
the management of chronic pain due to cer-
vical central stenosis. Pain Physician 2013,
16: 353-358.

Kim JE, Lee MK, Lee DK, et al
Continuous cervical epidural block: treat-
ment for intractable hiccups. Medicine
( Baltimore) 2018; 97: €9444. DOI: 10.1097/
MD.0000000000009444.

Schulz KF, Altman DG, Moher D, et al.
CONSORT 2010 statement: updated guide-
lines for reporting parallel group rando-
mised trials. BMJ 2010; 340: c332.
20100323. DOTI: 10.1136/bmj.c332.



Journal of International Medical Research

19.

20.

21.

22.

23.

24.

Song KJ, Choi BW, Choi BR, et al. Cross-
cultural adaptation and validation of the
Korean version of the neck disability
index. Spine (Phila Pa 1976) 2010; 35:
E1045-E1049. DOI: 10.1097/BRS.0b013e31
81df78e9.

Harden RN, Weinland SR, Remble TA,
et al. Medication Quantification Scale
Version III: update in medication classes
and revised detriment weights by survey of
American Pain Society Physicians. J Pain
2005; 6: 364-371. DOI: 10.1016/j.jpain.
2005.01.350.

Capdevila X, Biboulet P, Rubenovitch J,
et al. The effects of cervical epidural anes-
thesia with bupivacaine on pulmonary func-
tion in conscious patients. Anesth Analg
1998; 86: 1033-1038. DOI. 10.1097/
00000539-199805000-00024.

Furman MB, Lee TS and Berkwits L. Atlas
of image-guided spinal procedures. p.332.
Groeben H, Schwalen A, Irsfeld S, et al.
High thoracic epidural anesthesia does not
alter airway resistance and attenuates the
response to an inhalational provocation
test in patients with bronchial hyperreactiv-
ity. Anesthesiology 1994; 81: 868-874. 1994/
10/01. DOI: 10.1097/00000542-199410000-
00014.

Heavner JE and De Jong RH. Lidocaine
blocking concentrations for B- and C-nerve

25.

26.

217.

28.

fibers. Anesthesiology 1974; 40: 228-233.
DOI: 10.1097/00000542-197403000-00004.
Riazi S, Carmichael N, Awad I, et al. Effect
of local anaesthetic volume (20 vs 5 ml) on
the efficacy and respiratory consequences of
ultrasound-guided interscalene  brachial
plexus block. Br J Anaesth 2008; 101:
549-556. 2008/08/07. DOI: 10.1093/bja/
aen229.

Lee JH, Cho SH, Kim SH, et al
Ropivacaine for ultrasound-guided intersca-
lene block: 5mL provides similar analgesia
but less phrenic nerve paralysis than 10 mL.
Can J Anaesth 2011; 58: 1001-1006. 2011/08/
23. DOI: 10.1007/s12630-011-9568-5.

Sinha SK, Abrams JH, Barnett JT, et al.
Decreasing the local anesthetic volume
from 20 to 10mL for ultrasound-guided
interscalene block at the cricoid level does
not reduce the incidence of hemidiaphrag-
matic paresis. Reg Anesth Pain Med 2011;
36: 17-20. 2011/07/14. DOI: 10.1097/
aap.0b013e3182030648.

Bartynski WS, Jennings RB, Rothfus WE,
et al. Immediate pain response to interlam-
inar lumbar epidural steroid administration:
response characteristics and effects of
anesthetic concentration. AJNR Am J
Neuroradiol 2013; 34: 239-246. 2012/07/07.
DOI: 10.3174/ajnr.A3170.



	table-fn1-03000605221108101
	table-fn2-03000605221108101
	table-fn3-03000605221108101
	table-fn4-03000605221108101
	table-fn5-03000605221108101
	table-fn6-03000605221108101
	table-fn7-03000605221108101
	table-fn8-03000605221108101



