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Lumbar Neuraxial Ultrasound for Spinal

and Epidural Anesthesia
A Systematic Review and Meta-Analysis

Anahi Perlas, MD, FRCPC,*1 Luis E. Chaparro, MD, | and Ki Jinn Chin, MD, FRCPC*¥

Background: This systematic review examines the evidence for prepro-
cedural neuraxial ultrasound as an adjunct to lumbar spinal and epidural
anesthesia in adults.
Methods: We searched MEDLINE, EMBASE, and Cochrane Central
Register of Controlled Trials databases from inception to June 30, 2014,
for randomized controlled trials (RCTs) and cohort studies that reported
data answering one or more of the following 3 questions: (1) Does ultra-
ound accurately identify a given lumbar intervertebral space? (2) Does
ultrasound accurately predict the needle insertion depth required to reach
the epidural or intrathecal space? (3) Does ultrasound improve the effi-
cacy and safety of spinal or lumbar epidural anesthesia?
Results: Thirty-one clinical trials and 1 meta-analysis were included in
this review. Data from 8 studies indicate that neuraxial ultrasound can iden-
tify a given lumbar intervertebral space more accurately than by landmark
palpation alone. Thirteen studies reported an excellent correlation between
ultrasound-measured depth and needle insertion depth to the epidural or
intrathecal space. The mean difference between the 2 measurements was
within 3 mm in most studies. Thirteen RCTs, 5 cohort studies, and 1 meta-
analysis reported data on efficacy and safety outcomes. Results consistently
showed that ultrasound resulted in increased success and ease of per-
formance. Ultrasound seemed to reduce the risk of traumatic procedures
but there was otherwise insufficient evidence to conclude if it significantly
improves safety.
Conclusions: There is significant evidence supporting the role of neur-
axial ultrasound in improving the precision and efficacy of neuraxial
anesthetic techniques.
What's New: We know that neuraxial ultrasound is a useful
complement to clinical examination when performing lumbar central
neuraxial blocks. It provides anatomical information including the depth
of the epidural space, the identity of a given intervertebral level, and the
location of the midline and interspinous/interlaminar spaces. This infor-
mation can be used to successfully guide subsequent needle insertion.
Since 2010, new data from RCTs and | meta-analysis suggest that
neuraxial ultrasound increases the success and reduces the technical
difficulty of lumbar central neuraxial blocks. Findings from the meta-
analysis suggest that neuraxial ultrasound reduces the risk of traumatic
procedures, and thus may possibly contribute to the safety of lumbar
central neuraxial blocks.
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S pinal anesthesia and lumbar epidural anesthesia are commonly
performed anesthetic and/or analgesic techniques with a long
track record of efficacy and safety. However, neuraxial blocks
can occasionally be challenging to perform, particularly if the
spinal anatomy is altered or obscured by factors such as obesity,
spinal deformities, or previous spine surgery.' Technical difficulty
can result in procedural failure, suboptimal epidural analgesia,
and increased needle trauma. It may also increase the risk of both
minor complications such as postdural puncture headache and
backache and major complications including epidural hematoma
and spinal cord injury.>™*

Neuraxial ultrasound is a recent development in the field of
regional anesthesia. A “pre-procedural” ultrasound examination
of'the spine accurately delineates the underlying relevant anatomy,
thus aiding in successful insertion of a spinal or epidural needle;
this has also been termed ““ultrasound-assisted ” neuraxial blockade.
Although real-time ultrasound-guided spinal and epidural
techniques have been described, they are distinctly different from
the ultrasound-assisted approach. They remain experimental at
this time and will not be discussed in this review.

The objective of this review was to examine the evidence
supporting the use of preprocedural neuraxial ultrasound to
facilitate spinal or lumbar epidural anesthesia and, based on
this, to set forth recommendations for practice. We addressed
3 distinct clinical questions:

1) Does neuraxial ultrasound accurately identify a given lumbar
intervertebral space?

2) Does neuraxial ultrasound accurately predict the needle
insertion depth required to reach the epidural or intrathecal
space?

3) Does neuraxial ultrasound improve the efficacy and safety of
spinal or epidural anesthesia?

METHODS

For this review, we included all randomized controlled trials
(RCTs) and cohort studies involving neuraxial ultrasound and
spinal or lumbar epidural anesthesia/analgesia in adult patients.
We also included studies involving diagnostic lumbar puncture,
given that the needle insertion technique is identical to that of
spinal anesthesia. We excluded studies of real-time ultrasound-
guided neuraxial blocks as well as those related to interventional
pain procedures on the spine. Studies that did not report outcomes
related to the 3 primary questions were excluded. We performed
a literature search of the MEDLINE, EMBASE, and Cochrane
Central Register of Controlled Trials databases from the time of
inception until June 30, 2014. The following search terms were
used: ultrasound, ultrasonography, epidural, peridural, subarachnoid
space, epidural analgesia, epidural anesthesia, spinal anesthesia, and
conduction anesthesia. No language restrictions were applied. The
abstracts of all references identified by the search were independently
reviewed by 2 authors. Full text copies of potentially relevant
studies were obtained and again underwent independent review
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by 2 authors. Data from studies that met the inclusion criteria
were entered into a standardized data extraction form. All dis-
agreements were resolved by discussion and mutual consensus
among the 3 authors of this review. We performed a risk of bias
assessment for each study. The QUADAS-2 tool® was used for
studies of diagnostic accuracy of neuraxial ultrasound in
identifying lumbar intervertebral spaces. We used the Jadad
score® and the Cochrane Collaboration's risk of bias assessment
tool for RCTs’ looking at the effect of neuraxial ultrasound on
clinical outcomes.” We performed meta-analysis using RevMan
5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, 2014). The treatment effect was expressed as risk
ratio for dichotomous outcomes and as mean difference (MD)
for continuous data outcomes, respectively, along with 95%
confidence intervals (Cls). Statistical heterogeneity was assessed
using both the x? test and />. The studies that reported on the
correlation of the ultrasound-determined depth of the epidural
or intrathecal space versus needle insertion depth under-
went meta-analysis using R software (version 2.15.3). Fisher
z-transformation was applied to the Pearson product moment
correlation coefficients before meta-analysis. The final results
of pooled z scores were back-transformed to the pooled correlation
coefficients.

Summary recommendations follow the format suggested
by the US Department of Health and Human Services Agency
for Health Care Policy and Research.® We followed the reporting
recommendations of the PRISMA statement.”

RESULTS

Seven hundred six citations were identified in the initial
search of which 57 were selected as potentially relevant and
underwent full-text review (Fig. 1). Of these, we excluded 25 studies
for the following reasons: 9 were narrative reviews or descrip-
tive articles, 6 were in the pediatric population, 6 involved in-
terventions on the thoracic or cervical spine, and 4 were case
reports. One meta-analysis was identified and included in this
review.'?

Does Neuraxial Ultrasound Accurately Identify a
Given Lumbar Interspace?

Eight studies' ' '® involving a total of 624 patients addressed
this question (Table 1). All 8 studies used a “counting-up” approach
in which the ultrasound probe was placed in a longitudinal orien-
tation over the sacrum (identified as a continuous hyperechoic line)
and then moved cephalad to identify successive spinous pro-
cesses or laminae and the corresponding interspinous or inter-
laminar spaces.'® A low-frequency curved-array probe was used
in all studies except one.'® These 7 studies were generally of good
quality according to the QUADAS-risk of bias assessment tool
for diagnostic studies, with only 2 studies receiving a “high”
rating in one domain each. Five studies examined the agree-
ment between ultrasound and palpation of surface landmarks
in identifying a given intervertebral space.'>'>'"'® None of
these studies, however, verified accuracy against a more

Database Search
Total citations

n =706
C Exclusion criteria /duplicates h
Citations excluded
n = 649
N J
( Full text review )
n =57
N J
( Excluded )
n=25
A J
(" Narrative reviews (n=9) D
Pediatric (n=6)
Non-lumbar (n=6)
L Case reports (n=4) )
Original articles included
n =31

Meta-analysis n=1

FIGURE 1. Flow chart of database search and study selection.
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TABLE 1. Studies Reporting Accuracy of Intervertebral Space Identification

Country

Author Year of Origin n Standard

Separate Reference

Main
Findings

Primary
Outcome

Furness 2002  United Kingdom 50 X-ray

Duniec 2013 Poland 122 Palpation

Halpern 2010 Canada 74 CT scan

Lee 2011 United States 51 Palpation

Locks
Schlotterbeck

2010
2008

Brazil 90
United Kingdom 99

Palpation
Palpation

Watson 2001  United Kingdom 17 MRI

Whitty 2008 Canada 121 Palpation

Ultrasound 71% accurate
Palpation 30% accurate
64% agreement

18% higher by palpation
by 1 level

0.8% higher by palpation
by 2 levels

16.4% lower by palpation
by 1 level

0.8% lower by palpation
by 2 levels

90% accuracy after 22
and 36 scans

14% agreement

23% higher by palpation
by 1 level

25% higher by palpation
by >1 level
50% agreement
36% agreement
50% higher
by palpation
14% lower
by palpation
76.5% accuracy (13/17)
23.5% off by 1 level
55% agreement
32% higher by palpation

Accuracy L3-4

Agreement

CUSUM analysis for 90% accuracy

Agreement

Agreement at L3-4
Agreement

US accuracy at L3-4

Agreement

established gold-standard imaging modality (the reference
standard). Schlotterbeck et al'> and Whitty et al'” both studied a
retrospective cohort of patients who had received labor epidural
analgesia and in whom the documented level of epidural
insertion was correlated with ultrasonographic identification of
the intervertebral level corresponding to the visible skin puncture
site. They excluded patients with multiple puncture marks or who
had inadequate documentation of epidural insertion site. For these
reasons, they received a “high” risk of bias rating in the “flow and
timing” domain of the QUADAS-2 tool. In all 5 studies, the
agreement between ultrasound and palpation-determined
interspaces was generally poor with rates ranging from 14%
to 64%. In cases of disagreement, palpation-determined
landmarks were usually higher than ultrasound-determined
landmarks (52%-78% of cases) and often erred by more than
one interspace.

The remaining 3 studies used x-ray, magnetic resonance
imaging (MRI), or computed tomographic (CT) scan as a separate
reference standard to verify intervertebral level.''"!*'® Using plain
x-ray of the lumbar spine as a reference standard, Furness et al'!
demonstrated that ultrasound correctly identified individual inter-
spaces (from L2-3 to L4-5) 71% of the time, whereas palpation
was only correct 29% of the time. Furthermore, the margin of
error never exceeded one level with ultrasound, but was up to 2
spaces higher or lower in 27% of palpation assessments. These
findings are consistent with those reported by Watson et al'
who, using MRI as their reference standard, found that
ultrasound accurately identified the L3-4 interspace in 76%
of cases with a margin of error that did not exceed one level.

© 2014 American Society of Regional Anesthesia and Pain Medicine

Finally, in a learning curve study that used CT as a reference
standard, Halpern et al'? reported an overall identification
accuracy rate for ultrasound of 68%. However, analysis of the
learning curve showed that the 2 anesthesiologists in the
study with no previous experience with neuraxial ultrasound
achieved accuracy rates of 90% or greater after 22 and 36
procedures, respectively.

Recommendation

There are consistent data (evidence level Ila) to suggest that
neuraxial ultrasound identifies lumbar intervertebral levels, with
greater accuracy than palpation of surface anatomical landmarks
(grade B recommendation).

Does Neuraxial Ultrasound Accurately Predict the
Needle Insertion Depth Required to Reach the
Epidural or Intrathecal Space?

Thirteen studies involving a total of 875 patients examined
the correlation between ultrasound-measured depth and actual
needle insertion depth required to reach the epidural or intrathecal
space (Table 2).2°3? Nine studies were performed in obstetric
patients,?0-2!:23-24.27-29.31.32 3 i non—obstetric surgical patients
(urology, vascular, and orthopedics),?*%3% and 1 in patients
requiring a diagnostic lumbar puncture in the emergency
department.?®> The quality of the studies was generally good,
with the most common deficiency being unclear patient
selection criteria. Two studies®®? received a “high” risk of
bias rating in the reference standard domain because of lack
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TABLE 2. Studies Reporting Accuracy of Ultrasound Measurement of Epidural Space Depth

Bland-Altman Analysis

LOA
Country Sample Pearson Mean, SD, (95% CI),
Author Year of Origin Size (n) CC (r) mm mm mm Patients Structure Evaluated
Arzola 2007 Canada 61 0.88 0.1 —6.6 t0 6.9 Obstetrics LF-D complex
Balki 2009 Canada 48 0.84 3.0 —7.0t0 13.0 Obstetrics LF-D complex
Chin 2009 Canada 50 0.82 2.1 -8.51t012.7 Orthopedics LF-D complex and PVB
Cork 1980  United States 36 0.98 Obstetrics Lamina
Currie 1984 United Kingdom 75 0.96 Obstetrics Lamina
Ferre 2009  United States 39 0.80 ER patients for LPs LF-D complex
Gnaho 2012 France 31 0.98 22 -141t05.8 Orthopedics LF-D complex
Grau AAS 2001 Germany 36 0.93 79 Obstetrics LF-D complex
Grau RAPM 2001 Germany 80 0.96 2.0 -3to7 Obstetrics LF-D complex
Grau 2002 Germany 150 091 1.7 —6.0 to 8.0 Obstetrics LF-D complex
Helayel 2010 Brazil 60 0.66 0.04 —23t02.2  Orthopedics, urology, LF-D complex
vascular
Tran 2009 Canada 20 0.89 —4.8 —14.81t05.2 Obstetrics LF-D complex
Vallejo 2010  United States 189 091 Obstetrics LF-D complex

of blinding (ie, the anesthesiologist performing the epidu-
ral procedure was aware of the ultrasound-measured depth to
the epidural space) (Table 3). The Pearson correlation coeffi-
cient reported by the individual studies ranged from 0.66 to
0.98.232%30 The pooled Pearson product moment correlation
coefficient was 0.91 (95% CI, 0.87-0.94), using a random-
effects model to account for heterogeneity, suggesting the
ultrasound-measured depth of the epidural space was highly
correlated with the depth of the epidural space measured during
the epidural needle insertion (Fig. 2). Four studies measured
depth to the epidural space using a longitudinal parasagittal
oblique ultrasound view?>>>!; 3 of these studies also used a
linear-array probe.”> 2> All other studies used a low-frequency
curved-array probe and measured depth to the epidural/intrathecal
space in the transverse midline ultrasound view. A midline

approach was used for needle insertion in all studies. The
ultrasound landmark used for measuring depth to the epidural
space in most studies was the ventral aspect of the hyperechoic
ligamentum flavum-dura mater complex (Table 2). The older
studies by Cork et al and Currie measured depth to the ventral
surface of the laminae; this choice, however, reflects the
technological limitations of ultrasound visualization at the time.
Despite these minor variations in method, there was excellent
correlation between ultrasound-measured depth and actual needle
insertion depth in all studies. It should be noted, however, that a
strong linear correlation does not necessarily imply accuracy.
To evaluate the accuracy of the ultrasound measurement, 8 of
the more recent studies also performed a Bland-Altman
analysis to study the extent to which the 2 depth measurements
differed.?°232%31 The ultrasound-determined depth of the

TABLE 3. Risk of Bias Assessment of Studies Reporting the Accuracy of Epidural Space Depth

Risk of Bias Applicability Concerns

Country Patient Index Reference Flow and Patient Index Reference
Author Year of Origin Selection Test Standard Timing Selection Test Standard
Arzola 2007 Canada Low Low Low Low Low Low Low
Balki 2009 Canada Low Low Low Low Low Low Low
Chin 2009 Canada Low Low High Low Low Low Low
Cork 1980  United States Unclear Low Low Low Low Low Low
Currie 1984 United Kingdom  Unclear Low Low Low Low Unclear Low
Ferre 2009  United States Low Low Low Low Low Low Low
Gnaho 2012 France Unclear Low Low Low Low Low Low
Grau AAS 2001 Germany Low Low Unclear Low Low Low Low
Grau RAPM 2001 Germany Unclear Low Low Low Low Low Low
Grau 2002 Germany Unclear Low Low Low Low Low Low
Helayel 2010 Brazil Unclear Low High Low Low Low Low
Tran 2009 Canada Unclear Low Low Low Low Low Low
Vallejo 2010  United States Low Low High Low Low Low Low

Risk of bias assessment as per the Cochrane Collaboration's tool.”

254

© 2014 American Society of Regional Anesthesia and Pain Medicine

Copyright © 2016 American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.

"1ybLAdoo Aq paroarold "Adelay] ured pue eisayisaeuy [euolbay Jo A18100S
ueadoin3 1e 0202 ‘g 4270100 U0 /w0 fwg wdel//:dny woiy papeojumod ‘9T0Z Y28 T Uo #8T0000000000000 dVV/L60T 0T Se paysiignd 1si1 :8UIIpsN Uled 7 eIsayisauy [euolbay


http://rapm.bmj.com/

Regional Anesthesia and Pain Medicine e Volume 41, Number 2, March-April 2016

Lumbar Neuraxial Ultrasound

Cork, 1980 » 0.98[0.97,0.99]
Currie, 1984 L 0.96[0.94,0.98]
Tran, 2009 —— 0.90[0.81,0.98]
Helayel, 2010 —— 0.66[0.52,0.80]
Grau, 2001 AAS —— 0.93[0.89,0.97]

Grau, 2001 RAPM

H 0.96[0.94,0.98]

Grau, 2002 - 0.91[0.88,0.94]
Arzola, 2007 —e— 0.88[0.82,0.94]
Balki, 2009 b} 0.85[0.77,0.93]
Ferre, 2009 —_ 0.80[0.69,0.91]
Chin, 2010 —— 0.82[0.73,0.91]
Vallejo, 2010 HiH 0.91[0.89,0.93]
Gnaho, 2012 n 0.98[0.97,0.99]
RE Model - 0.91[0.87,0.94]

[ I

0.50 0.62 0.75 0.88

| |
1.00

FIGURE 2. Meta-analysis of studies reporting the correlation of ultrasound-measured versus needle depth of the epidural or intrathecal space.

epidural or intrathecal space was found to be accurate within
1 to 13 mm of actual needle insertion depth, with 7 of the 8
studies reporting an MD of less than or equal to 3 mm. The
tendency in most studies was for ultrasound to underestimate
needle insertion depth; this has been attributed to tissue
compression by the probe during the scan.

Recommendation

Data from 13 prospective comparative studies (evidence
level Ia) consistently show that preprocedure neuraxial ultra-
sound can be used to accurately predict the needle insertion
depth required to reach the epidural or intrathecal space (grade
A recommendation).

Does Neuraxial Ultrasound Improve the Efficacy
or Safety of Neuraxial Techniques?

Fourteen RCTs involving 1768 patients?’ 23> (Table 4)
and 5 prospective cohort studies involving 227 patients”® 222526
examined efficacy and safety outcomes. Eight RCTs?’ 23234363842
and 2 cohort studies®®?! evaluated epidural analgesia in obstetric
patients, whereas 3 RCTs*>73? and 2 cohort studies®>*° evaluated
spinal anesthesia in orthopedic procedures. The remaining 3
RCTs*#%*! and 1 cohort study® each evaluated diagnostic lumbar
punctures by emergency physicians. Three RCTs?’*** and 1
cohort study®' enrolled only patients in whom technical
difficulty was expected due to obesity,?!"*7>33¢ documented
lumbar scoliosis,”® or previous lumbar spine surgery.’® The
risk of bias assessment showed the RCTs to be of reasonable
quality, with the commonest deficiency being lack of blinding
of the patient and study personnel (Figs. 3 and 4), a limitation
that is often difficult to overcome in procedural studies of
this nature.

Thirteen RCTS that reported the risk of technical failure were
meta-analyzed (Fig. 5). The combined risk ratio of technical
failure was 0.51 (95% CI, 0.32-0.80) when ultrasound guidance
was used compared to palpation. In addition, meta-analysis from
8 RCTs suggests that ultrasound guidance results in a lower
number of needle passes required for success (Fig. 6).

© 2014 American Society of Regional Anesthesia and Pain Medicine

Safety outcomes were consistently reported as secondary
outcome measures; thus, none of the individual studies were
designed or sufficiently powered to study these outcomes. Four
studies reported a nonsignificant trend toward a lower incidence
of headache and backache favoring ultrasound.?”?>3*#? There
was no difference in the reported rate of unintended dural
punctures, which was universally low (<1%).2%*? Only 1 study
reported a lower incidence of “puncture site hemorrhage” of
7% with ultrasound versus 20% in the control group.’® No
major complications such as epidural hematoma, epidural abscess,
or intracord injections were reported in any of the RCTs.

A recent meta-analysis also addressed the question of
whether neuraxial ultrasound can reduce the technical failure
of lumbar puncture or epidural catheterization.'® The studies
included were heterogeneous (both preprocedure as well as
real-time ultrasound guidance, and both adult and pediatric
patients were included). Nevertheless, the findings were consistent
with those of our meta-analysis reported in the present review.
Pooled data from 12 RCTs showed a 79% reduction in the risk of
failed lumbar puncture or epidural catheterization (relative risk,
0.21;95% CI, 0.1-0.43, P <0.001) with neuraxial ultrasound. They
also found a significant reduction in the number of needle re-
directions required for success (MD, —1.00; 95% CI, —1.24 to
—0.75, P<001). Pooled data from 5 RCTs showed a 73% reduction
in the risk of a traumatic procedure (relative risk, 0.27; 95% CI,
0.11-0.67, P = 0.05), which was defined as visible blood on
aspiration or a fluid red blood cell count above a predetermined
threshold. The authors further calculated the number needed
to treat to prevent one procedural failure and one traumatic
procedure as 16 and 17, respectively.

Recommendation

Data from 14 RCTs and 2 meta-analysis (this article and
1 previously published) (level of evidence Ia) support the
conclusion that neuraxial ultrasound increases the efficacy of
lumbar epidural or spinal anesthesia by decreasing the risk of
technical failure and the number of needle punctures required,
both in patients with normal surface landmarks and those at
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TABLE 4. RCTs Reporting Efficacy and/or Safety Outcomes of Ultrasound-Assisted Neuraxial Techniques

Study Sample Patient Primary Jadad
Author Year Country Technique Design  Size Population Outcome Secondary Outcomes Score
Abdelhamid 2013 Egypt Spinal RCT 90  Adult unspecified First attempt Procedure time, patient 2
success satisfaction
Ansari 2014 UAE Spinal RCT 150 OB Procedure time ~ No. needle insertions/passes, 3
headache, backache,
patient satisfaction
Chin 2011  Canada Spinal RCT 120 Orthopedic First attempt No. needle insertions/passes, 5
difficult spine success failure rate, procedure time
Grau AAS 2001  Germany Epidural RCT 72 OB No. punctures, Failure rate, headache, 2
no. levels backache
Grau RAPM 2001  Germany CSE RCT 80 OB difficult spine No. punctures, 1
procedure time
Grau 2002 Germany  Epidural RCT 300 OB Agreement Unintended dural punctures, 2
US-Cp complete analgesia
Grau 2004  Germany CSE RCT 30 OB No. punctures Procedure time, duration of 2
blockade
Lim 2014  Singapore Spinal RCT 170 Non-OB First attempt No. needle redirections, 3
success procedure time, paresthesia,
traumatic taps, patient
satisfaction
Mofidi 2013 Iran LP RCT 80 ER Procedure time No. needle insertions, 2
traumatic taps, pain score
Nomura 2007 United States LP RCT 46  ER Success of LP No. attempts 4
Peterson 2014 United States LP RCT 100 ER Success of LP No. needle insertions, traumatic 2
taps, procedure time, pain
score, patient satisfaction
Sahin 2014 Turkey Spinal RCT 100 OB First attempt No. needle insertions/passes/ 4
success levels attempted, failure
rate, procedure time,
paresthesia, headache,
backache
Vallejo 2010 United States Epidural ~ RCT 370 OB Incidence of No. attempts, unintended 3
epidural catheter  dural puncture
replacement
Wang 2012 China CSE RCT 60 OB obese patients First attempt Procedure time, complications, 2

success puncture site hemorrhage

risk of difficult insertion due to obesity, scoliosis, or previous
spine surgery (grade A recommendation).

DISCUSSION

Although the feasibility of neuraxial ultrasound imaging
was first reported several decades ago,>>*** it was not until
the early 2000s that the role of neuraxial ultrasound as we
understand it today became established following pioneering
work by Grau et al and significant advances in ultrasound
technology resulting in greater resolution.?” 2%* Since a previous
review,*> more data have become available for non—obstetric
patients®>2>26-33:373941 and for patients presumed at risk for
difficult insertion due to obesity, scoliosis, or previous surgery.>
These special patient populations are clinically important
because they are at increased risk for technical difficulty. The
present review identified 31 studies that addressed at least 1
of 3 driving clinically relevant questions.

Studies evaluating the “diagnostic” performance of ultrasound
as an extension of the physical examination consistently show
that it enhances the accuracy of landmark identification com-
pared with palpation of surface landmarks alone, and that it
accurately measures the depth of the epidural space. A growing
body of evidence suggests that the additional anatomical

256

information provided by neuraxial ultrasound results in increased
efficacy as evidenced by a reduction in the risk of failure and a
lower number of needle passes required for success.

Epidural hematoma and spinal cord injury due to unintended
intracord ir}{i ection are rare but serious complications of neuraxial
anesthesia.” Multiple insertion attempts and “traumatic insertion”
increase the risk of epidural hematoma*** and an inaccurate
assessment of the location of intervertebral spaces can lead to
unintended intracord injection resulting in spinal cord injury
and permanent neurologic sequelae.*>*® Given the very low
baseline incidence of these catastrophic complications (usually
less than 1 in 100,000 cases), it is not feasible to design prospective
studies to conclusively prove that image guidance improves
safety. However, the evidence strongly suggests that preprocedure
neuraxial ultrasound prevents the occurrence of several well-
recognized mechanisms of injury.

By increasing the accuracy of needle placement and de-
creasing the number of needle passes, ultrasound may result in
less traumatic procedures, likely contributing to the prevention
of epidural hematoma.>* >*-*°2 Similarly, by improving the
accuracy of intervertebral space identification, a preprocedure
spinal ultrasound could help prevent injuries to the conus
medullaris that are consistently associated with a higher-than-
intended needle insertion point resulting from imprecise surface

© 2014 American Society of Regional Anesthesia and Pain Medicine
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FIGURE 3. Risk of bias of individual RCTs reporting efficacy and safety outcomes following the Cochrane Risk of Bias assessment tool for RCTs.
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FIGURE 4. Summative risk of bias of RCTs reporting efficacy and safety outcomes following the Cochrane Risk of Bias assessment tool for RCTs.

US-guided Non-US-guided Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abdelhamid 2013 0 45 0 45 Mot estimable
Ansari 2014 1 75 0 75 1.0%  3.00[0.12, 72.49]
Chin 2011 1 60 2 60 4.0% 0.50 [0.05, 5.37]
Grau 2002 3 150 12 150 24.0% 0.25 [0.07, 0.87] e
Grau 2004 0 10 0 10 Not estimable
Grau AAS 2001 0 36 2 36 5.0% 0.20 [0.01,4.03] *
Lim 2014 0 85 2 85 5.0% 0.20 [0.01, 4.10] *
Mofidi 2013 0 40 0 40 Not estimable
Nomura 2007 1 24 6 22 12.5% 0.15[0.02, 1.17] - % |
Peterson 2014 12 50 11 50 22.0% 1.09 [0.53, 2.24] —p=
Sahin 2014 3 50 3 50 6.0% 1.00[0.21, 4.72] - T
Vallejo 2010 3 189 10 181  20.4% 0.29 [0.08, 1.03] —
Wang 2012 0 30 0 30 Mot estimable
Total (95% Cl) 844 834 100.0%  0.51[0.32, 0.80] <
Total events 24 48
Heterogeneity: Chi* = 10.37, df = 8 (P = 0.24); 1> = 23% =U 01 051 1 1*0 100"

Test for overall effect: Z =2.93 (P = 0.003)

Favours ultrasound Favours non-ultrasound

FIGURE 5. Meta-analysis of RCTs (using RevMan 5.3, the Cochrane Collaboration) reporting the risk of technical failure of neuraxial
procedures with and without ultrasound imaging.

Std. Mean Difference Std. Mean Difference

US-guided

Non-US-guided

IV, Random, 95% CI

Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% ClI
Ansari 2014 167 12 75 199 15 75 122% -0.23 [-0.56, 0.09]
Chin 2011 6 6.67 60 13 11.85 60 11.7% -0.72[-1.09, -0.35]
Grau 2002 13 06 150 22 1.1 150 12.9% -1.01 [-1.25, -0.77]
Grau 2004 13 048 10 18 079 10 65% -0.73 [-1.65, 0.18]
Grau AAS 2001 15 09 36 26 14 36 105% -0.92 [-1.41, -0.44]
Grau RAPM 2001 1.28 0.51 40 208 083 40 10.6% -1.15[-1.63, -0.68]
Lim 2014 319 193 85 323 1.7 85 124% -0.02 [-0.32, 0.28]
Vallejo 2010 1083 189 2 083 181 131% -1.20 [-1.42, -0.98]
Wang 2012 143 0863 30 265 196 30 10.1% -0.83 [-1.36, -0.30]
Total (95% CI) 675 667 100.0% -0.75 [1.07, -0.44]

Heterogeneity: Tau? = 0.19; Chi* = §5.83, df = 8 (P < 0.00001); I* = 86%
Test for overall effect: Z = 4.65 (P < 0.00001)

-
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FIGURE 6. Meta-analysis of RCTs (using RevMan 5.3, the Cochrane Collaboration) reporting the number of needle passes required

for neuraxial procedure success with and without ultrasound imaging.
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TABLE 5. Summary Statements, Grades of Recommendations,
and Supporting Level of Evidence

Grade of Level of
Outcome Recommendation Evidence
Increased accuracy of B JIE
identification of lumbar
interspaces
Accurate measurement of the A Ia
depth of the epidural and
intrathecal space
Improved efficacy of neuraxial A Ia
anesthesia
Improved safety of neuraxial B 11
anesthesia

Following the format suggested by the US Department of Health and

Human Services Agency for Health Care Policy and Research.®

landmarks.!!1216:17 Therefore, level III evidence supports a
grade B recommendation that neuraxial ultrasound may help
improve the safety of neuraxial anesthesia (Table 5).
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