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Abstract

Background Ultrasound has been shown to facilitate
accurate identification of the intervertebral level and to
predict skin-to-epidural depth in the lumbar epidural space
with reliable precision. We hypothesized that we could
accurately predict the skin-to-epidural depth and the
intervertebral level in the thoracic spine with the use of
ultrasound.

Methods Twenty patients presenting for thoracic surgery
were included in a feasibility study. The skin-to-epidural
depth was measured using prepuncture ultrasound in the
paramedian window, and the predicted depth was com-
pared with the actual needle depth and the depth as
measured by computed tomography. In addition, the
intervertebral levels were identified by ultrasound using
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the “counting up” method, and the results were compared
with the levels identified by anesthesiologists.

Results The ultrasound-based depth measurements dis-
played a bias of 3.21 mm with 95% limits of agreement
from —7.47 to 13.9 mm compared with the clinically
determined needle depth. The intervertebral levels identi-
fied by the anesthesiologists and the sonographer matched
in only 40% of cases.

Conclusion Ultrasound-based measurements of skin-to-
epidural depth show acceptable agreement with the actual
depth observed during epidural catheterization; however,
the limits of agreement are wide, which restricts the pre-
dictive value of ultrasound-based measurements. Further
study is required to delineate the role of ultrasound in
thoracic epidural catheterizations.

Résumé

Contexte [/ a ete’ demontre que 1’échographie permettait
d’identifier de facon precise le niveau intervertebral et de
predire la profondeur entre la peau et ’espace peridural
avec une bonne precision dans [’espace peridural
lombaire. Nous avons emis I’hypothése que 1’eéchographie
permettrait de predire de facon precise la profondeur entre
la peau et I’espace peridural et le niveau intervertebral
dans la colonne thoracique.

Méthode Vingt patients se présentant pour une chirurgie
thoracique ont ete recrutes pour cette etude de faisabilite.
La profondeur entre la peau et ’espace peridural a ete
mesuree d ’aide d’une echographie pre-ponction dans une
fenétre paramediane. La profondeur predite a ete’ comparee
d la profondeur reelle de I’aiguille et d la profondeur telle
que mesuree par tomodensitometrie. En outre, les niveaux
intervertebraux ont ete identifies par echographie d l’aide
d’une methode de decompte vers le haut et compares aux
niveaux identifies par les anesthesiologistes.
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Résultats Les mesures de profondeur se fondant sur
I’echographie ont revele un biais de 3,21 mm avec 95 %
des limites de concordance situees entre —7,47 et 13,9 mm
par rapport d la profondeur de [’aiguille determinee de
facon clinique. Les niveaux intervertebraux identifies par
l'anesthesiologiste et ’echographiste ne correspondaient
que dans 40 % des cas.

Conclusion Les mesures fondees sur ’échographie de la
profondeur entre la peau et I’espace peridural concordent
de facon acceptable avec la profondeur reelle observee
pendant 'installation du catheter peridural; cependant, les
limites de concordance sont larges, ce qui limite la valeur
predictive des mesures fondees sur ['echographie.
Des recherches plus poussees sont necessaires afin de
determiner le role de I’echographie dans installation de
peridurales thoraciques.

Placement of a thoracic epidural is among the most difficult
regional anesthetic techniques due to the narrow interver-
tebral foramen that must be identified “blindly” with
needle probing. Complication rates associated with epidu-
ral insertion, such as paresthesias and blood aspiration, are
reported at 0.16% and 0.67%, respectively.' Significant
nerve injury is exceedingly rare, and the rate of epidural
hematoma is estimated at less than one in 150,000 epidu-
rals’; however, complications may be catastrophic.’
Ultrasound is being used increasingly for a multitude of
invasive medical procedures. Its use has been shown to
increase peripheral nerve block efficacy and decrease
complication rates during central venous catheterization.*
The ability to image anatomic structures, including nerve
tissue, noninvasively in the operating room with ultrasound
has revolutionized regional anesthesia over the last decade
and has led to its widespread acceptance. Less is known
about the utility of ultrasound for neuraxial anesthesia;
however, some work has been published on the use of
ultrasound for lumbar epidural placement.®™ Early reports
of real-time use of ultrasound for lumbar epidural place-
ment are emerging,*'" and ultrasound has been shown to
improve the accurate identification of the intervertebral
level using a “counting down” method from the 12"
rib.'*!? Skin-to-epidural depth measured by ultrasound is
highly correlated to the actual depth observed during
lumbar epidural placement.®'* Grau ef al. have examined
the value of ultrasound for thoracic epidural insertion.'*
They demonstrated that the ultrasound-measured distance
from the skin to the epidural space showed only moderate
agreement with measurements derived from magnetic res-
onance imaging (MRI). At present, however, there is a
knowledge gap about the agreement between the depth of
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the thoracic epidural space determined by ultrasound and
the clinically observed depth.

We hypothesized that we could use prepuncture ultra-
sound to predict with accuracy the skin-to-epidural depth
observed during actual needle insertion. The primary
objective of our study was to determine the validity of
ultrasound-measured depth. To this end, we performed a
feasibility study to compare the ultrasound-based mea-
surement of the depth from the skin to the epidural space
with the needle insertion depth and the computed tomog-
raphy (CT) derived depth. In addition, we sought to
correlate the depth measurements with biometric variables
(height, weight, and body mass index [BMI]). The sec-
ondary objective of our study was to compare the precision
of ultrasound with that of palpation in identifying the
intervertebral level.

Methods

After approval by the Clinical Research Ethics Board of the
University of British Columbia and the Vancouver Coastal
Health Research Institute, we obtained written informed
consent from 20 patients. We studied consecutive con-
senting patients who were scheduled for thoracic surgery in
a tertiary care university hospital. The patients were can-
didates for thoracic epidural anesthesia and had undergone
a chest CT scan. All cases occurred during the five-month
period December 2009 to April 2010 and were analyzed
over the subsequent six months. The only exclusion crite-
rion was contraindication to the placement of an epidural.
The preoperative chest CT images were obtained from the
radiology archive for each patient, and the CT imaging
resolution for all data sets was at 0.70 mm x 0.70 mm x
2.5 mm spacing.

Ultrasound images were taken immediately prior to
surgery using a Sonix RP ultrasound machine (Ultrasonix
Medical Corp., Richmond, BC, Canada) with a 3.3 MHz
curvilinear-array transducer. The patients were seated
upright and given leg and arm support for the ultrasound
examination which took less than 15 min in all cases. To
facilitate recording the vertebral levels as determined by
the anesthesiologist and sonographer, a paper ruler was
affixed to the patient’s skin parallel to the vertebral column
and 3 cm to the left of the midline. All ultrasound scans
were performed by the same individual with 30 years of
sonographic experience and special expertise in spine
sonography. '’

Intervertebral level determination

Anesthesiologists were asked to select the desired insertion
level for each patient prior to the sonographic exam. The
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vertebral level was identified (e.g., T6-7) by palpation and
marked on the ruler. Subsequently, the sonographer
established the intervertebral levels based on the “count-
ing-up” method from the last rib.'? For a target level of
T6-7, the seventh rib was identified by counting up from
the 12" rib while the transducer was oriented in the sagittal
direction and moved superiorly in a parasagittal plane 2 cm
to the right of midline. After intervertebral identification,
the transducer was moved medially along the seventh rib
echo to identify the ligamentum flavum (LF) at the T6-7
intervertebral space. Since the plane was 2-3 mm from the
midline sagittal plane, this plane was termed the offset-
sagittal plane. The same approach was used for other target
levels. Vertebral levels identified by the sonographer were
similarly recorded on the ruler affixed to the patients back.

Skin-to-epidural space distance determination

At the chosen target level, the depth of skin-to-epidural
space was measured using the leading (posterior) edge
echo from the LF as the target. The ultrasound scanning
was repeated one level above and two levels below the
target level to allow for comparison between measurements
in the event that the site of epidural placement differed
from the initially chosen target level. An acoustic window
was found by searching through the echoes from the
intervertebral space by moving (2-3 mm) and/or angling
(5-10°) until the characteristically bright echo from the LF
was clearly visible in the image (Fig. 1). As the epidural
space itself is not directly visible in ultrasound images, the
adjacent echogenic LF was used as the identifiable surro-
gate on the ultrasound images. The echo-dense LF appears
as a bright echo at the base of the laminae with an
appearance and thickness that varies slightly from patient
to patient. In keeping with prior publications,®'* the dis-
tance from the skin to the posterior edge of the echo was

. skin
muscle

lamina of
T7
T8

Ligamentum
flavum

anterior wall
of spinal canal

Fig. 1 Offset sagittal ultrasound image of thoracic spine structures.
Laminae are visualized as wave-like structures. The ligamentum
flavum produces a bright echo at the base of the laminae. The
vertebral body, which forms the anterior border of the spinal canal,
appears as a bright reflector below the ligamentum flavum

considered the skin-to-epidural depth (Fig. 2A). The
ultrasound distance measurements were taken with the
probe-to-skin angle as close to perpendicular as possible
and after minimizing tissue compression by reducing the
probe pressure on the skin to the minimal pressure neces-
sary for adequate imaging. This distance was measured
using the electronic caliper tool on the ultrasound machine,
and the measurement was recorded.

The skin-to-epidural depth was also measured from CT
images using the LF as the anatomical landmark. The
midline sagittal plane was used to make this measurement.
To ensure consistency, the posterior edge of the LF was
used as the target in all CT measurements (Fig. 3).

Epidural placement and angle correction

Epidural catheters (19G closed-tip multi-orifice Perifix®
FX epidural catheter; B. Braun, Bethlehem, PA, USA)
were placed in the operating room using a standard sterile
technique with the patient seated approaching an upright
position. The epidural space was identified using loss-of-
resistance to saline (LOR), which was confirmed with the
pressure transduction technique previously described.'® We
also checked on the patients in the postoperative period and
documented effective epidural analgesia for all patients.
In addition, we recorded the time from needle insertion to
successful LOR, the number of attempts, and any compli-
cations (dural puncture, paresthesia). Successful epidural
analgesia was sought and recorded. The epidural needle is
usually angled in both the sagittal () and transverse (o)
directions (Fig. 4), and so it is termed paramedian access.
In contrast, the ultrasound images are taken when the probe
is nearly perpendicular to the skin. To convert the CT and
ultrasound measurements to the needle trajectory, the two
angles were measured and used in a conversion formula.
The measurements were taken based on two photos of the
inserted needle, one from left-to-right and one from supe-
rior-to-inferior. The angles § and a were calculated from
these photos by averaging three repeated measurements
using image processing software (MATLAB®, Natick,
MA, USA). To compare the ultrasound-measured depth
with the actual insertion depth, the ultrasound measure-
ments were geometrically transformed to match the needle
angle using the following formula:

d;
l:7
cos o x cos B’

where d; is the depth measured by ultrasound and d; is the
transformed depth. The transformed depth is hereafter
referred to as the ultrasound angle-converted depth. Angle
conversion, as outlined above, was also applied to all CT
measurements. The transformed depth is hereafter referred
to the CT angle-converted depth.
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Fig. 2 Offset sagittal views of the thoracic ligamentum flavum (A) and the lumbar ligamentum flavum (B). The dashed square indicates the

location of the echo from the ligamentum flavum

Fig. 3 Computed tomography
images of the thoracic vertebral
column in transverse plane

(A) and sagittal plane (B)

Ligamentum
Flavum

Statistical analysis

To ensure no bias in the measurements, the different
measurements were taken by different individuals. In par-
ticular, the ultrasound-measured depths were not reported
to the anesthesiologists; the computed tomography images
were analyzed independently after the examinations were
complete, and the needle insertion angles were found
independently by three different individuals.

We did not perform a sample size calculation as this was
considered a feasibility study with no published compari-
son data available. The comparison between the actual
epidural depth measured by needle insertion and the
ultrasound angle-converted depth was assessed by Bland-
Altman analysis. We measured the correlation between the
skin-to-epidural depth and the biometric information
(height, weight, BMI) using linear regression and Pearson’s
coefficient.
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Results

Twenty patients gave their consent to participate and
completed the study (Table 1). They presented for lobec-
tomy,"” pneumonectomy,’ or anterior mediastinal mass
resection.' Complete ultrasound studies and chest CT
images were obtained for all patients, and the epidural
insertions were performed by five thoracic anesthesiolo-
gists and two senior anesthesia residents. Successful
thoracic epidural catheterization and analgesia were doc-
umented in all patients. Three minor complications were
observed, paresthesia (n =2) and blood aspiration
(n=1), and resolved with needle repositioning. The
average number of needle insertions was 1.3 per patient,
and the average duration of epidural placement was
3.3 min.

The 20 patients were characterized as follows: eight
males/12 females; age [mean (standard deviation)] 62 (13) yr;
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Fig. 4 Needle angle determination in the sagittal plane (A) and in the
transverse plane (B)

weight 72 (15) kg; height 165 (9) cm; and BMI 26 (4)
kg-m 2.

The vertebral level determined by the clinicians was
always either equal to or higher than the level determined
by the sonographer. The identified levels matched in only
40% of cases; they differed by one level in another 40% of
cases, and they differed by two levels in the remaining 20%
of cases.

The epidural insertion levels ranged from T5-6 to T8-9.
The needle insertion depth was 55 mm (7 mm), and the
insertion angles were f§ = 16° (7°) and o = 36° (8°).

The ultrasound-based depth measurements displayed a
bias of 3.21 mm with 95% limits of agreement of —7.47 to
13.9 mm compared with the clinically determined needle
depth, and they displayed a bias of 2.99 mm with 95%
limits of agreement of —7.29 to 13.28 mm compared with
the CT measured epidural depth. Fig. 5 shows the Bland-
Altman analysis comparing the ultrasound and CT-based
measurements of skin-to-epidural depth with the clinical
needle depth for individual subjects. The correlation
between the ultrasound and clinically determined needle
depths was R? = 0.65 with an average absolute difference
of 4.68 mm, while the correlation between the ultrasound
and the CT-based measurements was R* = 0.69 with an

average absolute difference of 4.49 mm (Table 2). Fig. 6
shows least-squares fit analysis for the ultrasound and
CT-based measurements of skin-to-epidural depth com-
pared with the clinically determined needle depth.

The correlation between the biometric variables and the
skin-to-epidural depth measurements was moderate but
statistically significant (Fig. 7). The correlation coefficients
for weight, height, and BMI were 0.4, 0.34, and 0.19,
respectively.

Discussion

This study sought to determine the utility of prepuncture
ultrasound for predicting the skin-to-epidural depth for
thoracic epidural placement. We showed that ultrasound
can reliably image the LF in the thoracic spine using the
paramedian plane. We also found an acceptable correlation
between both ultrasound and CT-determined skin-to-epi-
dural depth and the clinically determined epidural depth.
The correlation coefficient, R? = 0.65, between the needle-
measured depth and the angle-converted ultrasound-mea-
sured depth is lower than that achieved in studies on the
lumbar spine (R2 = 0.79-0.92).6 However, these results are
in keeping with the findings by Grau et al. on the corre-
lation ratio between ultrasound and MRI-measured depth
(0.53 by paramedian, 0.54 by median, and 0.61 by trans-
verse imaging).'"* We included correlation in this analysis
as it has been used regarding this topic in previous publi-
cations. However, agreement between two measurements
from different modalities, e.g., CT and ultrasound, is more
clinically relevant, as it identifies any inherent bias in
measurements.'® In our study, the ultrasound-based mea-
surements tended to underestimate the skin-to-epidural
depth (bias 3.21 mm), perhaps due to tissue compression
by the ultrasound probe or the intrinsic thickness of the LF.
The range of agreement was wide (—7.47 to 13.9 mm),
which limits the reliability of prepuncture ultrasound-based
depth measurements for clinical decision-making during
thoracic epidural catheterization.

There are limitations to our study. Patient positioning
was similar but likely not identical during the ultrasound
examination and the actual epidural insertion. For purposes
of angle-correction, we assumed the back was a flat plane,
ignoring the often marked concavity of the mid-thoracic
back. The estimation of the needle angle in both the
transverse and sagittal planes was also a potential source of
error which we tried to minimize by taking the average of
three independent measurements. The ultrasound-based
skin-to-epidural depth measurements were based on the
leading edge of the LF. By ignoring the thickness of the
LF, a consistent bias towards smaller depths was intro-
duced. While the sonographer attempted to keep the
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Table 1 Subject biometrics, the level of insertion, and data on depth of skin-to-epidural space achieved by needle and measured in ultrasound

images
Patient Sex Age Weight Height Body mass Insertion Sagittal Transverse Actual Ultrasound angle- CT angle-
(yr) (kg) (cm) index Level Angle (f) Angle (2) needle converted depth converted
(kg~m72) (degree) (degree) depth (mm) (mm) depth (mm)

1 F 72 63 155 26.2 T6-7 16 43 63 61.62 65.19

2 F 54 75 184 222 T7-8 23 36 60 52.10 53.94

3 M 71 63 165 23.1 T8-9 16 38 59 54.52 58.45

4 F 55 55 160 21.5 T6-7 21 26 46 44.99 42.72

5 M 35 75 168 26.6 T4-5 21 44 55 52.51 53.14

6 M 61 91 172 30.8 T8-9 19 41 62 58.74 64.18

7 F 63 56 152 24.2 T5-6 13 47 50 38.62 51.86

8 F 55 63 165 23.1 T5-6 15 44 57 40.92 47.85

9 M 62 63.5 155 26.4 T6-7 24 25 42 40.85 45.40

10 F 76 50 150 222 T7-8 24 23 37 36.44 40.12

11 M 79 97 173 324 T7-8 9 36 60 61.07 64.06

12 F 74 75.5 163 28.4 T7-8 15 46 61 65.21 65.70

13 M 75 61 167 219 T6-7 24 39 54 52.06 56.03

14 F 69 53 155 22.1 T8-9 28 41 49 44.81 44.51

15 F 74 75 162 28.6 T8-9 8 15 50 45.77 61.44

16 M 68 88.5 181 27.0 T7-8 19 29 56 58.52 52.16

17 F 60 98 164 36.4 T7-8 14 40 60 60.37 65.91

18 F 66 85 161 32.8 T7-8 12 43 62 68.51 64.40

19 M 56 84 170 29.1 T8-9 7 36 64 57.93 54.98

20 F 29 69 169 24.2 T8-9 7 35 56 43.14 46.49

The ultrasound and CT measurements are converted for needle angle to match the actual needle trajectory

CT Computed tomography

transducer perpendicular to the skin, an angle variation of
approximately 5-10° was sometimes observed in the
transverse direction. Lastly, measurement errors are possi-
ble as it is slightly more difficult to acquire an image due to
the lower visibility of the LF in the thoracic spine (Fig. 2).

We demonstrated that CT images are not better at pre-
dicting skin-to-epidural depth than ultrasound as the
correlation coefficients were almost identical (R* = 0.58
vs 0.65). While there appeared to be less bias with
CT-based measurements, the range of the limits of agree-
ment was equally wide (—10.7 to 11.1). Some intrinsic
error between the measurements is secondary to the fact
that the depth of the LF was not considered in the ultra-
sound and CT measurements, although it clearly adds to
the clinically observed depth.

The sonographic appearances of the thoracic and lumbar
vertebrae are comparable. The thoracic vertebrae are closer
to the skin’s surface (3.9 cm vs 5.1 cm),6 and their laminar
surfaces lie more perpendicular to the sound beam than
those of the lumbar which rise slightly from superior to
inferior margins. The LF has the same appearance and is
seen in the same location (at the superior margin of the
lamina) in both the lumbar and thoracic regions.

@ Springer

Target intervertebral spaces are recommended for spe-
cific surgical procedures, which explains why correct
identification of the intervertebral space is important for the
quality of analgesia.'” Since ultrasound has previously
been shown to allow a more accurate determination of the
lumbar intervertebral level than a clinical exam, it was
considered the “gold standard” in our study.12 However,
since we did not use x-ray guidance, we were not guar-
anteed the actual spinal level, only the difference between
the levels determined by the sonographer and the clinician.
The vertebral level determined by the clinicians was
always equal to or higher than the level determined by the
sonographer, meaning that the clinicians tended to err on
the side of being too caudad for the intended vertebral
level. A difference of one intervertebral level is unlikely
clinically relevant; however, a variance of two levels,
which occurred in 20% of our patients, suggests that rou-
tine ultrasound may improve the quality of postoperative
epidural analgesia.

The correlation between the biometric variables and the
skin-to-epidural depth was moderate but statistically sig-
nificant. The correlation between weight and BMI with
skin-to-epidural depth is intuitive, whereas the correlation
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Table 2 Agreement and correlation between skin-to epidural depth
determined by CT, US and needle insertion

UusS- CT- UsS-
CT Needle  Needle
Bias 2.99 0.2 3.21
95% limits of agreement Lower —7.29 —10.7 —7.47
Upper 13.28 11.1 13.90
R? 069 058  0.65
Average of absolute difference 4.49 4.55 4.68

(mm)

US Ultrasound, CT computed tomography

of height with skin-to-epidural depth appears somewhat
surprising. The difference between ultrasound-measured
and needle-measured depth, however, is not well correlated
with the BMI (R2 = 0.22), meaning that the error is not
larger for obese patients. Similar results were obtained by
Balki er al.'® A larger sample size, including specific

Epidural space depth measured by needle (mm)

Fig. 6 Correlation of the needle-based epidural depth and the angle-
converted ultrasound-measured depth (A) or the angle-converted
computed tomography-measured epidural space depth (B)

recruitment criteria for obesity, would be required to make
more definitive statements about ultrasound-measured
depth accuracy in obese patients.

Ultrasound imaging was performed exclusively in an
offset sagittal plane. The transverse plane has been shown
to produce slightly better correlation coefficients for both
the thoracic and lumbar spine.'*'**° However, we pur-
posely chose the offset sagittal plane for the thoracic spine,
as it provides superior visibility of the LF along with more
easily identifiable landmarks, which should aid the inex-
perienced sonographer.m’22

We chose an expert sonographer to eliminate a possible
source of error in this feasibility study, and it is our view
that this should not limit the clinical utility of these find-
ings, as proof of principle is of foremost importance for
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Fig. 7 Correlation between the needle-based skin-to-epidural depth
measurements and weight (A), height (B), and body mass index (C)

acceptance by clinicians. Our group has work underway on

new ultrasound technology to address the issue of ultra-
sound operation and interpretation by non-expert users.

@ Springer

Conclusion

Ultrasound measurement at the thoracic level differs fre-
quently with the level identified by manual palpation.
Moreover, the use of ultrasound facilitates consistent
visualization of the LF at the target level. Ultrasound-based
measurements of skin-to-epidural depth show acceptable
agreement with the actual depth observed during epidural
catheterization; however, the limits of agreement are wide,
which limits the predictive value of ultrasound-based
measurements. Further study is required to delineate the
role of ultrasound in thoracic epidural catheterizations.
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