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ABSTRACT

Background and objectives Cervical plexus blocks
are commonly used to facilitate carotid endarterectomy
(CEA) in the awake patient. These blocks can be divided
into superficial, intermediate, and deep blocks by their
relation to the fasciae of the neck. We hypothesized
that the depth of block would have a significant impact
on phrenic nerve blockade and consequently hemi-
diaphragmatic motion.

Methods We enrolled 45 patients in an observer
blinded randomized controlled trial, scheduled for
elective, awake CEA. Patients received either deep,
intermediate, or superficial cervical plexus blocks,

using 20 mL of 0.5% ropivacaine mixed with an MRI
contrast agent. Before and after placement of the
block, transabdominal ultrasound measurements of
diaphragmatic movement were performed. Patients
underwent MRI of the neck to evaluate spread of the
injectate, as well as lung function measurements. The
primary outcome was ipsilateral difference of hemi-
diaphragmatic motion during forced inspiration between
study groups.

Results Postoperatively, forced inspiration movement
of the ipsilateral diaphragm (4.34+1.06, 3.86+1.24,
2.04+1.20 (mean in cm+SD for superficial, intermediate
and deep, respectively)) was statistically different
between block groups (p<0.001). Differences were also
seen during normal inspiration. Lung function, oxygen
saturation, complication rates, and patient satisfaction
did not differ. MRI studies indicated pronounced
permeation across the superficial fascia, but nevertheless
easily distinguishable spread of injectate within the
targeted compartments.

Conclusions We studied the characteristics and side
effects of cervical plexus blocks by depth of injection.
Diaphragmatic dysfunction was most pronounced in the
deep cervical plexus block group.

Trial registration number EudraCT 2017-001300-30.

INTRODUCTION

The cervical plexus is located laterally of the trans-
verse cervical processes beneath the sternocleido-
mastoid muscle. Its main sensory branches penetrate
the deep prevertebral and superficial fasciae of the
neck, the latter at a common nerve point known
as Erb’s point at the dorsal border of the sterno-
cleidomastoid muscle. Its muscular branches supply
innervation to the infrahyoid muscles, the anterior
and middle scalenes as well as the diaphragm via the
phrenic nerve.'

;* Christian Dinges,® Wolfgang Hitz|,*>® Jiirgen Nawratil,'

Cervical plexus blocks have been widely used to
facilitate various procedures such as carotid endar-
terectomy (CEA), auricular, clavicular, or thyroid
surgery. Different techniques and levels of depths
for these blocks have been proposed and can be
roughly divided into superficial, intermediate,
and deep cervical plexus blocks.”® In general it is
thought that the relation of the block to the super-
ficial fascia marks the border between superficial
and intermediate block, while the deep prevertebral
fascia delineates the intermediate and deep block
(figure 1). These relations can either be visualized
by ultrasound or determined by resistance (inter-
mediate) or after contact with bone, that is, the
transverse process (deep). Anatomical and func-
tional details concerning ideal spread and poten-
tial permeation of fasciae in the cervical tissue are
still largely unknown,® but might explain similar
reported efficacy of these blocks at different levels
of injection.’ Deeper infiltration of the cervical
plexus has been repeatedly linked to higher compli-
cation rates,® phrenic nerve blockade,” and wider
craniocaudal spread,® but is still widely performed.
The postero-lateral approach to the deep block may
be even more dangerous regarding its orientation
towards the vertebral arteries.’

In previous studies, we focused on ideal concen-
trations of local anesthetics for brachial and cervical
plexus blockade and observed hints of substantial
phrenic nerve blockade.'® "' Other authors have
linked respiratory impairment to tissue distribution
of the local anesthetic.'? Therefore, we aimed to
study the involvement of the phrenic nerve when
comparing these different depths of cervical plexus
block. We hypothesized that the depth of block, due
to spread within the vertebral fasciae and therefore
anatomical vicinity, could have a significant impact
on the blockade of the phrenic nerve and conse-
quently hemi-diaphragmatic motion measured by
a standardized ultrasound method.” As all depths
of block have been described as feasible methods
to achieve sufficient perioperative anesthesia we
further hypothesized possible spread of injectate
across the fasciae of the neck. We aimed to visualize
the spread of the injectate in-vivo by performing
contrast agent enhanced MRI after each block.

METHODS

Study design

The study is a prospective, randomized, and
observer blinded study. We aimed to assess whether
unilateral diaphragmatic excursion was affected
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Figure 1 Artistic representation of needle positions for superficial

(A), intermediate (B), and deep (C) cervical plexus block at the fourth
cervical vertebra (C4). Major structures of interest are labeled: the
carotid sheath (CS) encompassing internal and external carotid artery
and internal jugular vein; phrenic nerve (PN), cervical sympathetic

trunk (CST), longus colli muscle (LCM), anterior scalene muscle (ASM),
sternocleidomastoid muscle (SCM), and the vertebral artery (VA). The
fascial layers of the neck are colored blue (superficial) and green (deep).

by the type of cervical plexus block performed. Our primary
outcome metric is the difference in ipsilateral diaphragmatic
movement (measured in cm during forced inspiration) between
our study groups.

It was registered as a clinical trial with the European Medi-
cine agency on August 17, 2017 (https://www.clinicaltrialsre
gister.eu/ctr-search/trial/2017-001300-30/AT) before start of
enrollment on October 4, 2017 and yearly development safety
update reports were filed. A mandatory insurance coverage was
arranged for all patients included in the study. We adhered to the
Consolidated Standards of Reporting Trials (CONSORT) guide-
lines in reporting this study.

Enrollment
We prospectively enrolled 45 patients scheduled for elective,
awake CEA with regional anesthesia. Inclusion criteria were
defined as all planned, elective endarterectomies for symp-
tomatic or asymptomatic stenosis of the extra-cranial internal
carotid artery under regional anesthesia. Exclusion criteria were:
age under 18 years, patients unable to consent, pregnancy, lacta-
tion period, contraindications for MRI study and/or contrast
agent, implants or incorporated material, for example, cardiac
pacemakers, prohibiting MRI study, claustrophobia, inability
to remain inside of an MRI due to physical restriction, kidney
impairment (glomerular filtration rate below 30 mL/min), liver
failure (Child-Pugh class greater A), contraindications to regional
anesthesia and/or study medication, severe lung dysfunction
(prohibiting supine positioning or chronic obstructive pulmo-
nary disease = GOLDIV), language or communications barrier
prohibiting surgery under regional anesthesia.

These patients were randomly assigned to receive either deep,
intermediate, or superficial cervical plexus blocks by a computer-
generated list. This information was prepared in sealed opaque

envelopes and only opened by the anesthesiologist performing
the block. Patients, observers, and statisticians remained blinded
to the method until after completion of analysis.

Regional anesthesia

Before block placement in the MRI scanner anteroom all patients
were routinely monitored via continuous pulse oximetry, ECG,
and non-invasive blood pressure measurements. Bilateral hemi-
diaphragmatic motion was assessed during normal inspiration
and forced inspiration by two otherwise blinded observers (AK,
MO) using M-mode on the SonoSite X-Porte and a 5-2 MHz
curvilinear probe (Fujifilm SonoSite, USA). This technique has
been previously validated and reported to demonstrate good
reproducibility."?

Lung function that is, forced expiratory volume in 1s (FEV1)
and forced vital capacity (FVC), was assessed in a half-sitting
position by a spirometer (EasyOne Spirometer, ndd Medical
Technologies, Zurich, CH). Mild sedation was achieved by
administering 0.05 mg fentanyl (Fentanyl 0.05 mg/mL, Janssen-
Cilag Pharma GmbH, Austria). Arterial cannulation to facilitate
invasive blood pressure monitoring during the procedure and
the intermediate care unit was performed either in the radial or
brachial artery and an arterial blood gas was drawn.

After skin disinfection and sterile draping, all blocks were
performed by a single experienced anesthesiologist (JN). In
plane visualization of the cannula (SonoTap 22G X80 mm with
Facet Tip, Pajunk GmbH, Germany) at the level of the fourth
cervical vertebrae (C4) was achieved utilizing a SonoSite X-Porte
(Fujifilm SonoSite, USA) with a 15-6 MHz linear probe and the
needle advanced from dorsal and lateral of the sternocleidomas-
toid muscle.

Superficial block was defined as subcutaneous injection above
the nerve point of the neck at the dorsal border of the sterno-
cleidomastoid muscle; intermediate block was defined as injec-
tion beneath the fascia of the sternocleidomastoid muscle and
deep block as injection within 1-2mm distance of the poste-
rior tubercle of the transverse process. All patients received
20 mL ropivacaine 0.5% (Naropin, AstraZeneca Austria GmbH,
Vienna, Austria) mixed with 0.05mmol of the MRI contrast
agent gadopentetate dimeglumine (Dotarem, 0.5 mmol/mL;
Guerbet, Villepinte, France).

MRI and surgery

Following block placement magnetic resonance examinations
were performed on a Philips Ingenia 1.5 Tesla system (Philips,
Best, The Netherlands) using a digital head and anterior coil.
After MRI patients were transferred to the holding area, where
lung function tests and arterial blood gas samples were repeated.
Immediately before surgery, 10 mL of Prilocaine 1% (Xylonest,
Aspen Germany GmbH, Munich, Germany) was subcutane-
ously injected along the presumed line of incision. Standard-
ized CEA techniques were performed with an oblique incision
along the medial edge of the sternocleidomastoid muscle to
expose the carotid bifurcation. Before arterial clamping 5000
units of unfractionated heparin were administered systemi-
cally. The majority of carotid artery lesions were treated with
eversion endarterectomy and selective shunting depending on
neurological changes of the patients.'* ! In cases with extensive
atherosclerotic plaques and high carotid bifurcations conven-
tional endarterectomy with bovine pericardium patch closure
was performed at the attending surgeons discretion. Protamine
reversal of heparin anticoagulation was not regularly used in this
study.'® The amount of supplemental local anesthetic as used by
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the surgeon, intravenous analgesics, as well as conversion rates
to general anesthesia, pain levels, narcotic consumption, compli-
cation rates, hemodynamic changes, oxygen saturation, postop-
erative hoarseness, and paresis of the recurrent laryngeal nerve
served as secondary outcome measures. Assessment of the motor
function of the recurrent laryngeal nerve that is, function of the
vocal cords, was routinely performed via flexible laryngoscopy
by an otorhinolaryngologist prior to surgery and on the first
postoperative day.

Radiographic analysis

Radiographic analysis was performed independently by two
radiologists with extensive experience in MRI analyses (MM
and RK). Preliminary results were compared and diverging
results jointly reviewed to achieve consensus. Image analysis was
blinded to any clinical information and the depth of infiltration
was unknown to the radiologists interpreting the images. Intellis-
pace Portal (Philips, Best, The Netherlands) was used to measure
infiltration diameters (longitudinal, transverse, craniocaudal)
and volume (mL) using manual segmentation. Field of view of
the MR examination covered the entire neck region from the
level of the foramen magnum down to the first thoracic vertebra.
After recording standard survey images, we registered trans-axial
T2-weighted images (TR 2500-3500ms, TE 90, slice thickness
3mm, FOV 300%x250%x158) and 3D T1-weighted FFE 1x1
(chemical-shift imaging, Dixon ALL, TR 6.7ms, TE1 1.9 ms,
TE2 4.6ms, FOV 300%x252x158) with multiplanar reforma-
tions were prepared. Imaging evaluation included infiltration
depth in groups of superficial, intermediate, and deep, passage
through Erb’s point, passage through the cervical fascia, vicinity
to the phrenic nerve, proximity to the nerve roots C1-C4, diffu-
sion around the carotid artery, location of the carotid bifurcation
related to the cervical vertebral bodies and epidural spread.

Statistical analysis
Sample size calculations determined a requirement of 45 patients
to detect a 20% difference of diaphragmatic movement during

forced inspiration as measured by transabdominal sonography
in cm (mean 4.66cm, SD 0.87 cm, power 80%, accepting an
alpha of 5%) in 3 groups of 15 patients for each depth of block.
Data were screened and cleaned for incomplete, incorrect,
and missing data. Continuous normally distributed variables
(height, weight, mean surgery and clamping time, fentanyl,
supplemental local anesthetic, diaphragmatic motion, FEV ,
FVC, peripheral oxygen saturation, supplemental oxygen, local
anesthetic spread, and volume) were analyzed across the groups
by analysis of variance (ANOVA), non-normally distributed
continuous variables (age) by Kruskal-Wallis test. Pearson’s y>
tests was used to analyze categorical parameters (ie, American
Society of Anesthesiologists score, height of carotid bifurca-
tion, paresis of recurrent nerve, postoperative hoarseness, sex,
bradycardia, tachycardia, hypertension, hypotension, shunting,
conversion to general anesthesia, Visual Analogue Scale score,
patient satisfaction, neurological complications, vicinity to
phrenic nerve, proximity to nerve roots, circumferential spread
around carotid artery). Pairwise comparisons were performed
after ANOVA with Fisher’s least significant difference (LSD)
test as post hoc test for the primary outcome metric and where
crosstabulation analysis reached statistical significance. FEV,
and FVC were further analyzed by repeated measures ANOVA
with superficial, intermediate, and deep block as group variable
and time as repeated factor and corresponding LSD tests as
post hoc tests. Data were analyzed using STATA/IC V.12.1 for
Windows (Stata Corp) and PASW 24 (IBM SPSS Statistics for
Windows, V.21.0).

RESULTS

The CONSORT flowchart of this study is represented in figure 2.
All 45 enrolled patients completed the study protocol, and
no data were lost during analysis. Table 1 summarizes patient
and intervention characteristics as well as general outcome
parameters.

Assessed for eligibility (n = 91)

Excluded (n = 46)

[ Enrollment

+ Mot meeting inclusion criteria (n = 19)
+ Declined to participate (n=8)

+ Other reasons (n = 18)

Randomized (n= 45)

l Allocation

(S

h 4

Allocated to superficial block (n = 15)
Received intervention (n = 15)

Allocated to intermediate block (n = 15)
Received intervention (n = 15)

Allocated to deep block (n = 15)
Received intervention (n = 15)

[ Follow-Up J

¥

Lost to follow-up (n = 0)

Lost to follow-up (n =0}

Lost to follow-up (n = 0)

[ avas ]

Analyzed (n = 15)

Analyzed (n = 15)

Analyzed (n = 15)

Figure 2 CONSORT flow chart representing enrollment, intervention allocation, follow-up, and data analysis for this study.
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Table 1 Patient and intervention characteristics and general outcome parameters
Superficial Intermediate Deep
(n=15) (n=15) (n=15) P value*
Sex, n (%) 0.90
Female 5 (33%) 4(27%) 4(27%)
Male 10 (67%) 11 (73%) 11 (73%)
Median age in years (IQR) 70.00 73.00 70.00 0.37
(64.00, 78.00) (65.00, 77.00) (62.00, 74.00)
Mean height in cm (SD) 170.07 (8.12) 169.00 (6.71) 174.27 (6.24) 0.11
Mean weight in kg (SD) 81.07 (17.18) 77.60 (10.29) 79.00 (12.58) 0.78
ASA score, n (%)
2 6 (40%) 6 (40%) 5 (33%) 0.88
3 9 (60%) 8(53%) 9 (60%)
4 0 (0%) 1 (7%) 1 (7%)
Height of carotid bifurcation, n (%)
2 0 (0%) 0 (0%) 1 (7%) 0.12
3 4 (27%) 8(53%) 2 (13%)
4 10 (67%) 4 (27%) 10 (67%)
5 1 (7%) 3(20%) 2 (13%)
Mean surgery duration in min (SD) 86.33 (40.77) 85.53 (25.69) 93.13 (28.16) 0.78
Mean clamping time in min (SD) 23.20(11.99) 23.67 (11.32) 23.53 (15.33) 0.99
Bradycardia, n (%) 0 (0%) 1(7%) 0 (0%) 0.36
Tachycardia, n (%) 1(7%) 4 (27%) 2 (13%) 0.31
Hypertension, n (%) 8 (53%) 5 (33%) 8 (53%) 0.45
Hypotension, n (%) 1 (7%) 2 (13%) 2 (13%) 0.80
Shunting, n (%) 1 (7%) 0 (0%) 3 (20%) 0.15
Conversion to GA, n (%) 0 (0%) 0 (0%) 0 (0%) 1.00
Mean fentanyl in pg (SD) 186.67 (66.73) 140.00 (68.66) 160.00 (50.71) 0.13
Mean supplemental LA, ie, prilocaine in mL (SD) 10.47 (8.17) 3.60 (5.73) 5.60 (5.89) 0.02
Highest postoperative VAS, n (%)
0 0 (0%) 1(7%) 0 (0%) 0.20
1 4 (27%) 6 (40%) 9 (60%)
3 9 (60%) 5 (33%) 4(27%)
4 1 (7%) 0 (0%) 0 (0%)
5 1 (7%) 3 (20%) 0 (0%)
6 0 (0%) 0 (0%) 1(7%)
7 0 (0%) 0 (0%) 1 (7%)
Patient satisfaction, n (%)
1=very good 2 (13%) 1 (7%) 1 (7%) 0.80
2=good 12 (80%) 13 (87%) 14 (93%)
3=acceptable 1(7%) 1 (7%) 0 (0%)
4=unacceptable 0 (0%) 0 (0%) 0 (0%)
Paresis of recurrent nerve, n (%) 0 (0%) 2 (13%) 0 (0%) 0.12
Postoperative hoarseness, n (%) 2 (13%) 3 (20%) 8 (53%) 0.04
Neurological complications, n (%)t 3(20%) 1 (7%) 0 (0%) 0.15

*Analysis of variance (ANOVA) for continuous variables, Kruskal-Wallis test for non-normally distributed ordinal variables, Pearson’s 3 test for categorical variables.
tTwo patients with ipsilateral facial nerve paralysis, two patients with transient dysarthria; no long-term sequelae or ischemic lesions.
ASA, American Society of Anesthesiologists; GA, general anesthesia; LA, local anesthetic; VAS, Visual Analogue Scale.

Primary outcome measurements

The primary outcome parameter, that is, ipsilateral transabdom-
inal measurements of diaphragmatic movement in centimeter
during forced inspiration, did not differ before the block (deep
group 4.73+1.00cm, intermediate group 4.94+1.91cm and
superficial group 5.10+1.29 cm, p=0.78). After block placement
we could detect a marked difference of ipsilateral diaphragmatic
movement during forced inspiration between the study groups
(deep group 2.04+1.20 cm, intermediate group 3.86=1.24and
superficial group 4.34%=1.06cm, p<0.001). Post hoc analysis
demonstrated a mean difference of —1.82cm (95% CI —2.79 to

-0.85, p<00.1) between deep vs intermediate block, —2.30cm
(95%CI —3.27 to -1.33, p<0.01 between deep vs superficial
block and —0.48 cm (95% CI —1.45 to 0.50, p=0.33) between
intermediate versus superficial block.

Secondary outcome measurements

Similarly, to our primary outcome metric, ipsilateral hemi-
diaphragmatic movement during normal inspiration did not
differ before block placement (1.79%0.75cm, 2.00=0.72cm,
and 1.84+0.44cm, for deep, intermediate, and superficial
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Figure 3  Plot of mean diaphragmatic movement for normal and
forced inspiration. Results on y-axis in centimeter as measured by
transabdominal ultrasound (mean, 95% Cl) for normal and forced
inspiration as well as corresponding ipsilateral and contralateral
measurements.

groups, respectively, p=0.66) and showed a significant differ-
ence after block placement (1.00+0.93 cm, 1.60%+0.75 cm, and
1.62+0.50cm, for deep, intermediate, and superficial groups,
respectively, p=0.047). Contralateral and baseline measure-
ments were included to detect possible changes on diaphragmatic
movement after surgery not attributed to regional anesthetic
technique. No statistically significant differences between the
study groups could be demonstrated in these measurements,
except for a probably compensatory contralateral increase of
hemi-diaphragmatic movement in the deep, forced inspiration
group. Figure 3 summarizes the primary outcome parame-
ters for normal and forced inspiration, while figure 4 demon-
strates typical changes in ipsilateral diaphragmatic movement as
measured by ultrasound.

Figure 4 Transabdominal B-mode ultrasound measurement of
diaphragmatic movement after left-sided deep cervical plexus
blockade. B-mode ultrasound images of normal contralateral (ie, right)
diaphragmatic movement visualized through the liver, during normal
(A), and forced inspiration (B) versus ipsilateral (ie, left), diaphragmatic
movement visualized through the spleen, during normal (C), and forced
inspiration (D) demonstrating phrenic nerve blockade.

A higher incidence of postoperative hoarseness (over half
the patients at 53%) was observed in the deep cervical plexus
block group (p=0.04), but no pairwise significant difference was
found (all Fisher’s exact tests, p>0.05). We could not detect a
difference in postoperative paresis of the recurrent laryngeal
nerve. Lung function parameters and radiographic results are
summarized in table 2.

In post hoc analysis FEV, did differ after block versus before
block by 0.46L (95%CI 0.22 to 0.70, p<0.001) in the deep
block but not the other groups. Similarly, FVC did only differ
to before block placement in the deep block group by 0.66L
(95%CI 0.38 to 0.93, p<0.001) but not the other groups.

All patients of the superficial group were correctly identified
by the radiologists, while four patients were misassigned between
the deep and intermediate groups. We could demonstrate a
spread of the injectate through the nerve point of the neck in
13 (87%) of superficial blocks. Contrast agent could be visual-
ized below the superficial fascia of the neck in all superficial and
intermediate blocks, but none below the deep fascia, while in
14 (93%) of deep blocks contrast agent could be correctly visu-
alized below the deep fascia. Measurements of the longitudinal
and transverse diameters demonstrated similar spread, while
craniocaudal extent was significantly higher in the intermediate
and deep block groups (p<0.01). While functional analysis of
the phrenic nerve function, that is, diaphragmatic movement,
did not demonstrate a marked decrease in the intermediate block
group, radiographic analysis did suggest a vicinity to the phrenic
nerve for this group in 14 (93%) of patients. Figure 5 visual-
izes ultrasound imaging at the time of injection corresponding to
acquired MRIs for each study group.

DISCUSSION

In this randomized controlled trial, we demonstrated that the
depth of cervical plexus block has an impact on the blockade of
the phrenic nerve and consequently hemi-diaphragmatic motion.
Our study identified more pronounced hemi-diaphragmatic
dysfunction after deep cervical plexus block.

This study is the first to explore the relationship between
cervical block type and diaphragmatic dysfunction. Although we
detected a difference in normal and forced inspiratory diaphrag-
matic movement, this did not result in significant differences in
perioperative lung function between the groups. The observed
differences of FEV, and FVC before and after block in the deep
block group may not necessarily be clinically significant. In our
population, which excluded patients with severe lung dysfunc-
tions prohibiting prone positioning, we encountered no respira-
tory complications.

The detailed MRI analysis was novel in that we could observe
spread of the local anesthetic injectate in vivo. We could repeatedly
demonstrate permeation of the superficial fascia at the point of
Erb, even though care was taken to keep injections strictly subcu-
taneously. This might explain the comparable anesthetic effects
of all three block characteristics, with the superficial injection
spreading into the intermediate level following the nerve fibers,
as has been suggested by previous studies.** Although injection
at the intermediate level demonstrated a similar anatomical
vicinity to the phrenic nerve as the deep block, its effects were
considerably less pronounced. We believe that the location of the
phrenic nerve, typically situated ventral of the anterior scalene
but beneath the deep prevertebral fascia, may account for this.
This would indicate an impediment to diffusion across the deep
fascia at this location. Surprisingly only in about half of deep
blocks did the injectate reach the nerve roots between C1 and
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Table 2  Lung function and radiographic results

Superficial Intermediate Deep
(n=15) (n=15) (n=15) P value*

Mean FEV, before block in liter (SD) 1.75 (0.65) 2.02 (0.67) 2.17 (0.70) 0.24
Mean FEV, after block in liter (SD) 1.97 (0.63) 1.83(0.74) 1.71 (0.55) 0.56
Mean FVC before block in liter (SD) 2.70 (0.88) 2.95 (0.76) 3.10(0.73) 0.37
Mean FVC after block in liter (SD) 2.73 (0.82) 2.80(0.91) 2.45 (0.67) 0.46
Mean oxygen before block in liter/min (SD) 1.00 (1.77) 0.87 (1.64) 0.33(1.29) 0.48
Mean oxygen after block in liter/min (SD) 3.60 (2.03) 3.33(1.68) 3.33(1.63) 0.90
Mean oxygen during procedure in liter/min (SD) 4,67 (1.29) 4.80 (1.01) 4.33(1.29) 0.56
Mean lowest SpO, during procedure in per cent (SD) 94.47 (2.77) 93.60 (4.17) 94.67 (2.92) 0.65
Mean lowest SpO, during IMCU stay in per cent (SD) 90.20 (2.31) 88.73 3.71) 89.47 (2.80) 0.41
Mean longitudinal diameter in mm (SD) 58.77 (9.96) 63.75 (9.21) 60.60 (7.30) 0.31
Mean transverse diameter in mm (SD) 25.15 (7.16) 22.95 (4.32) 21.05 (5.17) 0.15
Mean volume in mL (SD) 33.16 (3.39) 34.56 (1.89) 32.43 (3.04) 0.13
Mean craniocaudal extent in mm (SD) 52.53 (7.91) 73.07 (16.92) 88.13 (12.45) <0.001
Vicinity to phrenic nerve, n (%)

0=none 7 (47%) 0 (0%) 0 (0%) <0.001

1=partial 6 (40%) 1 (7%) 1 (7%)

2=complete 2 (13%) 4 (93%) 14 (93%)
Proximity to nerve roots C1-C4, n (%)

0=none 5 (100%) 5 (100%) 7 (47%) <0.001

1=partial 0 (0%) 0 (0%) 7 (47%)

2=complete 0 (0%) 0 (0%) 1 (7%)
Circumferential spread around carotid artery, n (%)

0O=none 12 (80%) 3 (20%) 0 (0%) <0.001

1=slightly 3(20%) 7 (47%) 2 (13%)

2=pronounced 0 (0%) 5(33%) 13 (87%)

*Analysis of variance (ANOVA) for continuous variables, Pearson’s Xz test for categorical variables.
FEV.,, forced expiratory volume in 1 s; FVC, forced vital capacity; IMCU, intermediate care unit; Sp0,, peripheral oxygen saturation.

C4. Furthermore, craniocaudal spread was highest at deeper
infiltration points, a finding that has been confirmed in earlier
case series.® This perhaps resulted in a more complete blockade
compared with the blockade of singular rami at the intermediate
level with less pronounced craniocaudal spread. This does not
only raise questions concerning the ideal concentration,'® but
also volume at this level of block. We deliberately chose the
same, although large volume of 20 mL per site of injection, but
volume finding studies still need to be performed.

Our study is limited by the possibility that diffusion of the
local anesthetic itself might differ from the contrast agent. Strid
et al used Dotarem to investigate local anesthetic spread and
seemed to confirm diffusion of Dotarem through membranous
fasciae, even into the epidural space.”” Dotarem possesses an
essentially neutral pH (6-8) in a water-based solution, therefore
not interfering with ropivacaine’s capability to diffuse through
lipophile membranes. We are confident that this study adds
substantial knowledge concerning the spread of local anesthetic
solutions, be it by hydrostatic pressure or diffusion through
extracellular space. We recorded a higher need of supplemental
local anesthetic in the superficial group, but due to cumulative
reporting by the surgeon, we cannot attest to the level of depth
at which these injections occurred. Further studies might eluci-
date the role of carotid bifurcation height on block success, as
in our practice this, as well as surgical retraction at the gonial
angle of the mandible, necessitates frequent supplemental local
anesthetic injections.

Another possible, but deliberate weakness of our study, was the
delay of sequential measurements of diaphragmatic movement
until after surgery. We chose this approach to guarantee block

success, full effect on possible neural pathways, and to minimize
the further delay of surgery. Care was taken to maintain the same
anesthesiologist performing preoperative and postoperative
measurements, as well as patient positioning, but residual effects
of surgery or sedation may not be discounted. The inclusion
of baseline and contralateral measurements did mitigate some
possible bias, as we could detect significant differences between
the study groups even when changes to the contralateral side and
preoperative to postoperative differences were accounted for in
post hoc analyses. As our study was severely underpowered to
study complication rates, we are not able to give a recommenda-
tion on whether the frequent, unilateral blockade of the phrenic
nerve warrants special attention or avoidance of deep cervical
plexus blockade in patients with precarious respiratory situa-
tions. This might indicate that if adopted as standard of care,
regional anesthesia for CEA can be a safe and satisfying method
for patients, surgeons, and anesthesiologists, if certain exclusion
criteria are observed.

Conclusions

We investigated the impact of depth of cervical plexus block on
diaphragmatic movement, with the deep plexus block exhibiting
the greatest decrease. The clinical significance of our findings is
unclear given the minimal changes in pulmonary function. We
observed consistent permeation of the superficial fascia of the
neck, suggesting this as a possible cause for similar anesthetic
properties. Summarizing radiographic spread, lung function,
potential for complications, and block effectiveness, the inter-
mediate block does appear to represent the ideal middle ground.
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superficial Block

Figure 5 Ultrasound imaging at time of injection corresponding

to acquired MRIs for each study group. Representative images of
superficial (A), intermediate (B) and deep (C) cervical plexus blocks
using ultrasound at time of injection (left) and MRI with contrast dye
enhancement after injection (right). Blue line represent superficial fascia
of the neck and green line represent deep fascia of the neck.CA, carotid
artery; 1)V, internal jugular vein; post. tub., posterior tubercle of the
transverse process of the fourth cervical vertebrae.

Further studies on optimal local anesthetic volume and anatom-
ical variations are needed.
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