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Objective: To obtain the adequate surgical anesthesia from thoracic paravertebral block (TPVB), identifying the correct
thoracic spine level is mandatory. Ultrasound has become a recent standard to perform regional anesthesia including TPVB.
This study aimed to investigate two techniques of using ultrasound to identify C7 spinous process compared with the palpation
method.

Material and Method: Twenty volunteers were invited to participate in the investigation. Each volunteer was evaluated using
palpation method with flexion and extension maneuver, ultrasound transverse scan (US-TS) and parasagittal scan (US-PS)
to identify C7 spinous process. All volunteers were scanned on both sides randomly, and finally checked with fluoroscope. The
examinations were independently performed by different investigators. The invisible marker pen was used to locate C7
spinous process from each technique. The accuracy and frequency of identified level, both correction and errors, were
recorded and compared.

Results: The accuracy of palpation method with flexion and extension maneuver for C7 spinous process identification was
72.5%. While identifications of C7 by using US-TS and US-PS were correct 52.5% and 30% respectively. Interestingly, most
errors were one level higher than actual C7 spinous process.

Conclusion: Identifying C7 spinous process using ultrasound assisted, both US-TS and US-PS techniques had a lower
accuracy compared with palpation method with flexion and extension maneuver. Thus, the technique of ultrasound assisted
C7 spinous process identification need to be modified.
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To identify the correct level of upper thoracic
spine in order to provide optimal surgical anesthesia
for thoracic paravertebral or epidural block is an
essential maneuver during chest wall surgery, upper
abdominal surgery or thoracotomy surgery. The correct
placement of paravertebral blockade will assure the
optimization of surgical anesthesia and analgesia with
minimized side effects. Multiple level thoracic
paravertebral blocks for breast surgery reduce chronic
pain incidence and also improve the quality of life for
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breast cancer patients®. Palpation, the most prominent
of the C7 spinous process method, is the common
technique to identify upper thoracic vertebral level.
However, the accuracy of this method to identify C7
spinous process was lower than 50%@9,

Ultrasound has become a recent standard to
perform regional anesthesia including TPVB. Moreover,
using ultrasonography has been studied to identify
the cervical nerve roots by differentiating the transverse
process of C6 and C7. Identifying C6 transverse process
based on presence of a large anterior tubercle
(Chassaignac tubercle) and a posterior tubercle, while
C7 transverse process is absent of anterior tubercle
of transverse process*®. The studies showed 50%
agreement between the landmark technique and
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ultrasound technique to identify C7-T1 interspace®.
However, there was no study of the accuracy of using
ultrasound to identify C7 spinous process before.

The authors have developed two techniques
using ultrasonography to identify C7 spinous process;
1) Transverse scan (TS) by identifying the C7
transverse process with characterization of presence
the vertebral artery and absence of anterior tubercle as
a landmark® and then scanning back to find out the
spinous process of C7; 2) Parasagittal scan (PS) by
identifying the first and second ribs and then sliding
the transducer medially until the lateral edge of C7
transverse process was depicted. Thereafter, the C7
spinous process that was located axial corresponding
to the C7 transverse process was identified. The
objective of this study was to evaluate the accuracy of
these two techniques using ultrasound scan to identify
C7 spinous process compared to palpation method with
flexion-extension maneuver.

Material and Method

The study protocol was approved by the
research ethical committee of Siriraj Institutional Review
Board (Si 750/2016). The 20 volunteers were recruited
to participate in the study and agreed to sign the
informed consent form. All participants were placed on
lateral position with neck flexion, slight hip and
knee flexion. Each volunteer was evaluated using three
techniques to identify C7 spinous process by three
investigators (Palpation method: Pakpirom J, Transverse
scan: Karmakar MK, Paramedian sagittal scan:
Songthamwat B) independently and all volunteers were
scanned both sides randomly. Thus, all examinations
were forty in total.

Palpation method: Patients were placed in
lateral position with slight neck flexion. C7 spinous
process was identified by using flexion-extension
assisted technique®. Two prominent cervical spinous
processes were palpated by single investigator
(Pakpirom J) using index finger and middle finger. Then
through the assisted movement of patient’s neck, C7is
more flexible compared with T1 and more steady
compared with C6. If the upper spinous process was
moved or disappeared during the movement, the lower
spine would be labeled as C7 and if both spinous
processes were steady or remained during assisted
movement, the upper spinous process would be
recorded as C7. The tip of C7 spinous process was
then marked with invisible and eracible marking pen
using “x” sign on patient’s skin. The invisible marker
would only be seen under radiolucent light at the end
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of study.

Ultrasound Transverse scan (US-TS): Patients
were also placed in the same position as palpation
method. Arietta 70 Aloca Hitachi ultrasound machine
with high frequency transducer 18-5 MHz, 38 mm
footprint was used in this study. One investigator
(Karmakar MK) performed this technique in all
volunteers independently. The ultrasound probe was
placed at the cricoid cartilage then moved laterally to
identify the transverse process of C6 and C7 by sliding
probe cranially and caudally. C7 transverse process
then was identified by 2 methods: 1) absense of anterior
tubercle while C6 has a prominent anterior tubercle, 2)
using a color Doppler to identify vertebral artery which
passes anterior to the transverse process of C7®. Then
moved the transducer to posterior following the C7
transverse process, articular process, lamina and
spinous process (Fig. 1). Then the tip of C7 spinous
process was marked on patient’s skin with “O” sign
using invisible marking pen.

Ultrasound Parasagittal scan (US-PS): this
technique was performed by one investigator
(Songthamwat B) independently. Patients were placed
in the same position as 2 techniques described. Convex
transducer (5-2 MHz) was used and placed parasagittal
at cervicothoracic spine to obtain the first and second
ribs. After that the probe was moved medially and
cranially to identify C7 transverse process and placed
on the middle of the probe (Fig. 2). The prominent
spinous process corresponding to the middle of the
probe would be marked as C7 spinous process using
“A” sign with invisible marking pen on patient’s skin.

Cervical fluoroscopy: Patients were placed in
a lateral position with slightly shoulder traction in order
to see all the cervical spine. A fluoroscope was taken
on lateral view using radiopaque pointer placed on the
suspected C7 spinous process (Fig. 3). After confirming
the C7 spinous process it was marked as “-” using
invisible marking pen.

All methods confirmed the correction of
spinous level identification by fluoroscopy under
radiolucent light. If the marking label was located on
lower midhalf of intervertebral space above to, and
upper midhalf of intervertebral space lower to spinous
process, this would be assumed as the same spinous
process. Then each technique identifying cervical level
was recorded and defined the accuracy of identification.

Statistical analysis

Data was analysed using SPSS for Windows,
18.0 Chicago: SPSS Inc. The Kolmogorov-Smirnov was
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Fig. 1

Illustration the step of US-TS to identify C7 transverse process and spinous process. Linear high frequency

transducer (18-5 MHz) was placed transverse axial at lateral neck. A) Demonstration C6 transverse process
composing of anterior and posterior tubercles where C6 nerve root, hypoechoic oval structure, emerges from
intervertebral foramen at this level; B) Transducer was slightly moved caudally from A to identify the C7 trans-
verse process which has only posterior tubercle. C7 nerve root and vertebral artery were also delineated anterior
to the C7 transverse process; C) Color Doppler showing the vertebral artery located next to the C7 nerve root at
this level; D) Transducer was slid posteriorly following the C7 lamina until visualizing the spinous process of C7.

used to test the normality distribution of continuous
variables. The McNemar test was used to find out the
difference between the techniques used to identify C7
cervical spinous process. Sample size calculation was
to estimate the accuracy of using ultrasound based on
previous study showing the 80% correct cervical spine
identification using transverse scan®. With 20%
acceptable error (oo = 0.05, B = 0.2), 16 subjects were
required and including 20% possible dropouts, finally
20 subjects were recruited for the study.

Results

The volunteer demographic data is shown in
Table 1. The accuracy of the palpation method using
cervical movement assisted C7 spinous process
identification was in 29 of 40 performances (72.5%, 95%
Cl =58.7 to 86.3). While using ultrasound transverse
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scan (US-TS), parasagittal scan (US-PS) were correctly
identified in 21 (52.5%, 95% CI = 37.0t0 68.0) and 12
(30%, 95% CI = 15.8 t0 44.2) respectively. The accuracy
of palpation method using cervical movement assisted
C7 identification was higher than US-TS and US-PS.
Nevertheless, there was no statistically significant
difference between palpation method and US-TS
method but significant difference between palpation
method and US-PS method as shown in Table 2. The
distribution of each technique identification was shown
inFig. 1.

Discussion

This study demonstrated a low accuracy of
using US-TS and US-PS to identify the C7 spinous
process compared with flexion-extension assisted
palpation technique. The accuracy of US-TS using the
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Demonstration the step of US-PS to identify C7 transverse process, curve low frequency transducer (5-2 MHz)

was placed paramedian sagittal scan, 2 cm lateral to midline, at the base of posterior neck. A) Ultrasound image
shows scanning to identify the 1% rib visualized as hyperehoic line with acoustic shadow. Deeper to the rib, parietal
pleura were illustrated as hyperehoicline, B) Transducer was sliding medially and transverse process of C5, C6 and
C7 suddenly appeared cranial to the T1 transverse process.

C6

Metallic pointer

Fig. 3

Fluoroscopy lateral view of cervical spine showing
metallic indicator to localize the tip of C7 spinous
process.

CT transverse process and vertebral artery as a landmark
to identify the C7 level then identifies C7 spinous
process showed 52.5% correct identification. The
accuracy of US-PS using the first and second rib as a
landmark and scan medially to visualize the transverse
process of T1 and C7 then the spinous process that
corresponding with the C7 transverse process showed
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Table 1. Demographic information of healthy volunteers (n

=20)
Variables Mean + SD
Age (years) 33.3+10.4
Weight (kg) 61.8+12.9
Height (cm) 167.5+8.2
BMI (kg/m?) 21.9+3.8

only 30% correct identification.

The most prominent of C7 spinous process
has been used as a landmark to describe the
cervicothoracic junction and upper thoracic
intervertebral space to perform central neuraxial
anesthesia or thoracic paravertebral block (TPVB).
However, previous studies®®*” demonstrated that
using this method to identify the C7 spinous process
was not reliable and had a low accuracy rate. Shin et
al® demonstrated that using flexion and extension
assisted palpation method improved the accuracy of
C7 spinous process identification. The reason is C7
spinous process usually stationary during cervical
flexion and extension compared to C6 spinous process.
This study used palpation with flexion and extension
maneuver to identify the C7 spinous process, and the
current study also shows 72.5% accuracy of C7 spinous
process identification, which this number was similar
to previous study described by Shin et al®.
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Table 2. The accuracy and frequency of level of identification from palpation, ultrasound transverse scan (US-TS) and

ultrasound parasagittal scan (US-PS) methods

Palpation method (n = 40)

US-TS (n = 40)* US-PS (n = 40)*

Accuracy of C7 identification; [95% CI]
Level of identification; n (%)

c5 0
cé 8 (20)
c7 29 (72.5)
T1 3(7.5)

29 (72.5) [58.7 t0 86.3]

21 (52.5) [37.0 t0 68.0] 12 (30) [15.8 to 44.2]

1(2.5) 3(7.5)
18 (45) 25 (62.5)
21 (52.5) 12 (30)

0 0

Data presented as number (%).

* Compared US-TS with palpation method, p-value = 0.057; # Compared US-PS with palpation method, p-value <0.001

Using ultrasonography to identify the
cervicothoracic intervertebral space (IVS) can be
performed by “counting up approach” from
lumbosacral junction done by Arzola et al®. They
performed paramedian scan, 2 cm lateral to midline,
using low frequency (5-2 MHz) transducer, starting
from the sacral where the ultrasound image showed
hyperechoic line of sacral bone. After that curve
transducer was moved cranially to delineate “saw-
tooth” sign where the hyperechoic line, US beam hit
lamina of spine, was interrupted with hypoecholic line,
US beam penetrating through the interlamina space to
spinal canal®9. After that the curve transducer was
moved cranially to identify the cervicothoracic
intervertebral space (IVS) level. However, this study
did not investigate the accuracy of using US to identify
the cervicothoracic level. They described 50%
agreement between using landmark method and
ultrasound method. Moreover, using this US scanning
method, starting from lumbosarcral junction and
counting up approach to identify cervicothoracic IVS
level, would have a high tendency of counting error
and misinterpretation during long distance scan from
sacrum to cervicothoracic junction. Rasoulian et al®®
used US-PS, starting from the T12 IVS where
corresponding to the last rib, and using the counting
up approach to upper thoracic IVS. The thoracolumbar
spine morphologic abnormality such as lumbarization,
sacralization, lumbar ribs, narrow lumbar VS and
apposition of adjacent lumbar spinous processes from
degenerative disc disease could influence missed
interpretation during counting up approach technique
to identify upper thoracic 1VS and cervicothoracic
junction®t12),

The current study proposes to use US-TS,
linear high frequency transducer, to identify the C7
transverse process, recognized by C7 transverse
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process with absence anterior tubercle®® and it is the
only cervical vertebrae with missing anterior
tubercle®®. After C7 transverse process identification,
the transducer was moved posteriorly following the
alignment of articular process, lamina and spinous
process to identify the C7 spinous process (Fig. 1).
The result of this technique demonstrated 52.5% correct
C7 spinous process confirmed by fluoroscopy. The
accuracy of this technique was lower than using
palpation with flexion and extension maneuver reported
by this study and previous study®. The low accuracy
and missed identification could occur during moving
transducer from the transverse process of C7 to the
spinous process. There was a chance to identify higher
level of spinous process because the C7 spinous
process produces caudal angulation to the horizontal
body axis, while transducer was moved perpendicular
to the body axis. In addition, C7 transverse process
identification using ultrasonography was reported 85%
accuracy confirmed by fluoroscopy®. Therefore, these
factors may contribute to C7 spinous process missed
level identification.

Moreover, the current study investigated the
accuracy of US-PS to identify C7 spinous process. The
authors speculated that US-PS might be less difficult
than US-TS especially in short and thick necks.
US-PS technique used curve low frequency transducer
(5-2 MHz) placing paramedian, 2 cm lateral to midline,
at the upper thoracic spine to identify the first and
second rib. The characteristics of ultrasonography of
ribs, compared to transverse process, have wider
hyperecchotic line on top of the pleura and are located
more superficially than transverse process® (Fig. 2).
After that, transducer was moved medially so that the
ultrasound beam insonates over transverse process,
then C7 transverse process suddenly appeared cephalic
to the T1 transverse process and located deeply
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compared to T1 transverse process. The horizontal
corresponding spinous process to the C7 transverse
process was identified as C7 spinous process. The
current study found that the accuracy of this method
to identify C7 spinous process was 30%, lower than
US-TS and flexion-extension assisted palpation
method. Interestingly, this method identified C6 spinous
process being C7 spinous process as high as 62.5%.
According to the method of C7 spinous process
identification, the spinous process corresponding to
the midpoint of the curve transducer was labeled C7
spinous process. This may lead to one level higher
than the actual level because the tip of lower cervical
spinous process usually produces a caudal angulation.

The technique of utilizing ultrasonography
to identify C7 spinous process or upper thoracic
intervertebral level including both US-TS and US-PS
need to be remodified in order to improve the accuracy
and reliability for clinical use. The strength of this study,
apart from previous studies®® used “counting up”
approach from lumbosacral junction to identify upper
thoracic IVS level. This was the first study utilizing US
to identify C7 SP level using C7 transverse process in
both transverse and sagittal scan.

Conclusion

This study demonstrated a low accuracy of
using ultrasonography assisted, both US-TS and US-
PS techniques, to identify the C7 spinous process
compared with palpation method with flexion-extension
maneuver. Before the actual clinical use, the future trial
with remodified techniques is necessary.

What is already known on this topic?

To obtain the adequate surgical anesthesia
from regional techniques such as thoracic paravertebral
block, identifying the correct thoracic spine level is
mandatory. Fluoroscopy has been accepted as a
gold standard of locating method. The palpation method
has normally been used by anesthesiologists to identify
the levels and the chance for errors is accepted to occur.

What this study adds?

This was the first study utilizing US to identify
C7 spinous process level using C7 transverse process
in both transverse and parasagittal scan. Even though
the accuracy of using ultrasonography to identify C7
spinous process or upper thoracic intervertebral
level was low both US-TS and US-PS techniques,
this techniques might be remodified in order to improve
the accuracy and reliability for clinical use.
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