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SYSTEMATIC REVIEWS (WITH OR WITHOUT META-ANALYSES)

Ultrasound-assisted Lumbar Punctures: A
Systematic Review and Meta-Analysis

Michael Gottlieb, MD @, Dallas Holladay, DO, and Gary D. Peksa, PharmD

ABSTRACT

Background: Lumbar punctures (LPs) are a common procedure in emergency medicine. However, studies have
found that failed procedure rates can be as high as 50%. Ultrasound has been suggested to improve success
rates by visually identifying the location and trajectory for the LP procedure. This systematic review and meta-
analysis was performed to determine whether the use of ultrasound improved the rate of successful LP
performance.

Methods: PubMed, CINAHL, Scopus, LILACS, the Cochrane Database of Systematic Reviews, the Cochrane
Central Register of Controlled Trials, and bibliographies of selected articles were assessed for all randomized
controlled trials comparing the success rates of ultrasound-assisted LP with landmark-based LP. Secondary
outcomes included the rate of traumatic LPs, time to procedural success, number of needle passes, and patient
pain score. Data were dual extracted into a predefined worksheet, and quality analysis was performed using the
Cochrane Risk of Bias tool. Data were summarized and a meta-analysis was performed with subgroup analyses
by pediatric versus adult patients and by operator training level.

Results: Twelve studies (n = 957 total patients) were identified. Ultrasound-assisted LP was successful in 90.0%
of patients and landmark-based LP was successful in 81.4% of patients. The calculated risk difference (RD) was
8.9% (95% confidence interval [Cl] = 1.2% to 16.7%) with an odds ratio (OR) of 2.22 (95% Cl = 1.03 to 4.77) in
favor of the ultrasound-assisted group. There were fewer traumatic LPs in the ultrasound-assisted group (10.7%
vs. 26.5%; RD = -16.4%, 95% Cl = -27.6% to -5.2%; OR = 0.28, 95% CI = 0.18 to 0.45). Ultrasound-assisted
LP was also associated with a shorter time to successful LP (6.87 minutes vs. 7.97 minutes), fewer mean needle
passes (2.07 vs. 2.66), and lower patient pain scores (3.75 vs. 6.31).

Conclusions: Ultrasound-assisted LPs were associated with higher success rates, fewer traumatic LPs, shorter
time to successful LP, fewer needle passes, and lower patient pain scores. Ultrasound should be considered prior
to performing all LPs, especially in patients with difficult anatomy. Further studies are recommended to determine
whether this effect is consistent in both adult and pediatric subgroups, as well as the impact of transducer type
and body habitus on this technique.

Lumbar punctures (LPs) are a common procedure
in emergency medicine (EM). However, success
rates can be suboptimal, especially in pediatric
patients, where it has been found to be as low as 50%
to 60% in some studies.' > Among adult patients, one
large study found a 35% rate of traumatic or unsuc-
cessful LPs.* Unsuccessful LPs can lead to potential
adverse events, including increased pain and pro-
longed immobilization or restraint, while traumatic

LPs can be difficult to interpret, resulting in diagnostic
uncertainty, prolonged hospital courses, additional pro-
cedures, and potential iatrogenic complications.” ®

Ultrasound has been suggested to improve the success
rates of LPs, but prior data were limited by small sample
sizes.” ' Recently, many studies have been published
evaluating the use of ultrasound to facilitate LPs."**°

The primary goal of this study was to determine

whether ultrasound-assisted LP would result in an
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improved success rate when compared with the tradi-
tional, landmark-based technique. Secondary outcomes
included differences in the rates of traumatic LPs, time
to procedural success, number of needle passes, and
patient pain scores. Subgroup analyses were planned a
priori between adult versus pediatric patients and resi-
dent versus attending physician sonographers.

METHODS

Our study conforms to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for systematic reviews and was performed
in accordance with best practice guidelines.”! In con-
junction with a medical librarian, we conducted a
search of PubMed, CINAHL, LILACS, Scopus, the
Cochrane Database of Systematic Reviews, and the
Cochrane Central Register of Controlled Trials to
include citations from inception to April 19, 2018.
Details of the search strategy are included in Data Sup-
plement S1, Appendix S1 (available as supporting
information in the online version of this paper, which
is available at http://onlinelibrary.wiley.com/doi/10.
1111/acem.13558/full). We reviewed the bibliogra-
phies of identified studies and review articles for
potential missed articles. We also consulted with topic
experts to help identify any further relevant studies.

Inclusion and Exclusion Criteria

Inclusion criteria consisted of all randomized con-
trolled trials comparing the success rates of ultrasound-
assisted LP with landmark-based LP. Adult and pedi-

atric patients were included. Exclusion criteria
included case reports, case series, retrospective studies,
nonrandomized studies, cadaver studies, nonhuman
studies, and conference abstracts. There were no lan-
guage or date restrictions. Two investigators (MG,
DH) independently assessed studies for eligibility
based on the above criteria. All abstracts meeting ini-
tial criteria were reviewed as full manuscripts. Studies
determined to meet the eligibility criteria on full-text
review by both extractors were included in the final

data analysis. Any discrepancies were resolved by con-
sensus with the addition of a third reviewer (GDP) if
needed.

Data Collection and Processing

Two investigators (MG, DH) independently extracted
data from the included studies. The investigators
underwent initial training and extracted data into a

predesigned data collection form. The following infor-
mation was abstracted: last name of the first author,
publication year, study country, study population size,
study location (e.g., emergency department [ED], oper-
ating room, intensive care unit), mean age of study
patients, sex of study patients, mean body mass index
(BMI), percentage of obese patients (defined as
BMI > 29 kg/m?%), type of ultrasound transducer
used, ultrasound technique (i.e., preprocedure or real-
time guidance), sonographer training, operator spe-
cialty, operator experience (i.e., attending or resident
physician), total successful placements in each group,
total number of patients in each group, number of
traumatic LPs (as defined by the study authors), time
to successful LP, number of needle passes, and patient
pain score. When insufficient information was avail-
able, the authors were contacted a minimum of three
times for additional data. Studies were independently
assessed for quality by two separate investigators (MG,
DH) utilizing the Cochrane Risk of Bias tool. Any dis-
crepancies were resolved by consensus with inclusion

of a third party if necessary (GDP).

Data Analysis

The effect of dichotomous variables was measured by
both risk difference (RD) and odds ratio (OR) using
the Mantel-Haenszel method. RD was chosen as the
preferred measure for clinicians to interpret clinically
meaningful absolute risk reductions, while OR was
chosen to provide clinicians with a measure of associa-
tion between exposure and outcomes. The effect of
continuous variables was measured by mean difference
using the inverse-variance method. All data were ana-
lyzed using 95% confidence intervals (Cls), and a two-
sided pwvalue of <0.05 was considered statistically sig-
nificant. Chisquare and I* statistics were used to
assess heterogeneity of included studies, with a p-value
of <0.1 or I* greater than 50% considered significant
for heterogeneity.”” In cases in which significant
heterogeneity existed, adjusted data were analyzed with
a random-effects model. In the absence of significant
heterogeneity, a fixed-effects model was used. For the
primary outcome, the fragility index was calculated
using Fisher’s exact test. Additionally, a post hoc sensi-
tivity analysis was completed of the two largest trials of
adult patients. A funnel plot and Egger’s test with an
alpha level of 0.05 were used to assess for publication
bias for the primary outcome measure.”’ Statistical
analyses were performed using RevMan (version 5.3,
The Nordic Cochrane Centre) and StataMP (version
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13.0, StataCorp LP) was utilized to assess publication
bias.

RESULTS

A total of 1,054 studies were identified. PubMed
yielded 546 studies, Scopus identified 299 studies,
CINAHL found 162 studies, LILACS discovered 14
studies, the Cochrane Database of Systematic Reviews
yielded no studies, and the Cochrane Central Register
of Controlled Trials identified 35 studies. After dupli-
cates were removed, 698 abstracts were reviewed with
54 selected for fulltext review (Figure 1). No addi-
tional papers were identified through bibliographic
review.

Twelve studies, comprising 957 total patients, were
selected for the final analysis (Table 1). Studies were
published between 2007 and 2018 with individual
population sizes ranging from 26 to 158 (Table 1).
studies United
States,”>!® three were conducted in Korea,'* % o

Seven were conducted in the

ne
study was conducted in Iran,'” and one study was
conducted in Turkey.”® All studies were performed in
the ED setting, although two studies also included

4

either pediatric floor patients ' or intensive care unit

patients."” Six studies evaluated only adult patients’

ILIBIZI9 and six studies evaluated only pediatric
- 12,14-16,18,20 . . .

patients. Six studies used a linear trans-

ducer,?!PHIOIDY hree used a  curvilinear trans-

10,11,20 : .
: and one allowed providers to use either

ducer,
transducer.”” The transducer type was not described
in two studies.'*!® All 12 studies used ultrasound for
studies
dynamic ultrasound-guided LPs. Ultrasound was per-

formed by an EM physician in 11 studies’ '’ and by
0

preprocedural identification. No assessed

Ultrasound was per-
14,18,20

a radiologist in one study.”
formed by attending physicians in three studies
and resident physicians in six studies.'® "> The
remaining studies used a mix of providers or did not
describe the sonographer experience level.”'*!7
Overall, ultrasound-assisted LP was successful in
421 of 468 patients (90.0%) and landmark-based LP
was successful in 397 of 488 patients (81.4%). The
calculated RD was 8.9% (95% CI = 1.2% to 16.7%)
with a number needed to ultrasound (NNysg) of 11
(95% CI = 6 to 83) to successfully perform one LP in
a patient in whom a landmark-based approach would
have failed (Figure 2A). The OR was 2.22 (95% CI =
1.03 to 4.77) in favor of the ultrasound-assisted group
(Figure 2B). statistical

There was  moderate
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Figure 1. PRISMA flow diagram.
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(A) Ultrasound Landmark-based Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Nomura 2007 23 24 16 22 6.7% 0.23 [0.03, 0.43] 2007
Lee 2008 28 29 26 32  83% 0.15[0.00, 0.30] 2008
Cho 2009 30 30 25 30 87% 0.17 [0.03, 0.31] 2009 =
Mofidi 2013 40 40 40 40 11.6% 0.00 [-0.05, 0.05] 2013 e &
Kim 2014 30 33 20 31 6.9% 0.26 [0.07, 0.46] 2014 = =
Peterson 2014 38 50 39 50 7.9% -0.02[-0.18, 0.14] 2014 R
Lam 2015 7 11 12 15  3.5% -0.16 [-0.51, 0.19] 2015 ] T
Gorn 2016 20 21 15 22 6.3% 0.27 [0.06, 0.49] 2016 e
Lahham 2016 64 71 83 87 10.7% -0.05 [-0.13, 0.03] 2016 =
Neal 2017 48 63 29 64  8.0% 0.31[0.15, 0.47] 2017 I
Ozdamar 2017 56 56 55 55 11.9% 0.00 [-0.03, 0.03] 2017 e i
Kessler 2018 37 40 37 40  9.6% 0.00[-0.12, 0.12] 2018 —r
Total (95% CI) 468 488 100.0% 0.09 [0.01, 0.17] L 2
Total events 421 397
Heterogeneity: Tau? = 0.01; Chiz = 71.57, df = 11 (P < 0.00001); |2 = 85% t t t i
Test for overall effect: Z = 2.26 (P = 0.02) i 4.3 a 0.5 1

Favors [Landmark-based] Favors [Ultrasound]

(B) Ultrasound Landmark-based Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Nomura 2007 23 24 16 22 7.3% 8.63 [0.95, 78.71] 2007 ¥
Lee 2008 28 29 26 32 74% 6.46 [0.73, 57.35] 2008
Cho 2009 30 30 25 30 50% 13.16 [0.69, 249.48] 2009 >
Mofidi 2013 40 40 40 40 Not estimable 2013
Kim 2014 30 33 20 31 11.5% 5.50[1.36, 22.22] 2014 -
Peterson 2014 38 50 39 50 14.5% 0.89 [0.35, 2.27] 2014 g
Lam 2015 7 11 12 15  9.3% 0.44 [0.08, 2.55] 2015 —
Gorn 2016 20 21 15 22 7.3% 9.33 [1.03, 84.20] 2016
Lahham 2016 64 71 83 87 12.3% 0.44[0.12, 1.57] 2016 e
Neal 2017 48 63 29 64 15.6% 3.86[1.81, 8.26] 2017 —
Ozdamar 2017 56 56 55 55 Not estimable 2017
Kessler 2018 37 40 37 40  9.9% 1.00[0.19, 5.28] 2018
Total (95% CI) 468 488 100.0% 2.22[1.03,4.77] e
Total events 421 397

it 2= . Chiz = = = S 12 = 519 k + t d

Heterogeneity: Tau? = 0.82; Chi* = 23.07, df = 9 (P = 0.006); I = 61% 0.01 o1 X 10 100

Test for overall effect: Z = 2,04 (P = 0.04)

Figure 2. Risk difference (A) and OR (B) for success rate for all studies.
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Figure 3. Funnel plot of included studies

heterogeneity with > = 0.61, and the fragility index
was 22. Visual assessment for publication bias with a
funnel plot revealed some asymmetry with studies clus-
tered near the 95% confidence limits; however, statisti-
cal assessment with the use of Egger’s test indicated

no significant bias existed (p = 0.571; Figure 3).

Favors [Landmark-based] Favors [Ultrasound]

Among adult studies, ultrasound-assisted LP was suc-
cessful in 223 of 244 patients (91.4%) and landmark-
based LP was successful in 229 of 261 patients
(87.7%). The calculated RD was 5.8% (95% CI = —
2.6% to 14.2%) with an OR of 2.10 (95% CI = 0.66
to 7.44) in favor of the ultrasound group (Figure 4). A
sensitivity analysis of the two largest trials'>'® among
adult patients resulted in a RD of —4.0% (95% CI =
—12.1% to 4.2%) and an OR of 0.69 (95% CI = 0.33
to 1.46). There was no statistical heterogeneity among
trials in the sensitivity analysis (I> = 0). Among pedi-
atric studies, ultrasound-assisted LP was successful in
198 of 224 patients (88.4%) and landmark-based LP
was successful in 168 of 227 patients (74.0%). The
calculated RD was 12.0% (95% Cl= -9.8% to
33.7%) with an OR of 2.55 (95% CI = 0.99 to 6.52)
in favor of the ultrasound group (Figure 5). There was
no statistically significant difference in success rates
between attending physician and resident physician
studies with respect to success rates (Data Supplement
S1, Supplemental Figures 1A, 1B, 2A, and 2B).
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(A) Ultrasound Landmark-based Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Nomura 2007 23 24 16 22 10.5% 0.23[0.03, 0.43] 2007
Lee 2008 28 29 26 32 14.5% 0.15[0.00, 0.30] 2008 [
Cho 2009 30 30 25 30 15.3% 0.17 [0.03, 0.31] 2009 =
Mofidi 2013 40 40 40 40 249% 0.00 [-0.05, 0.05] 2013 -
Peterson 2014 38 50 39 50 13.3% -0.02 [-0.18, 0.14] 2014 e
Lahham 2016 64 71 83 87 21.5% -0.05[-0.13, 0.03] 2016 L
Total (95% CI) 244 261 100.0% 0.06 [-0.03, 0.14] <
Total events 223 229
it 2 = - iz = = = 2= o, k + t i
Heterogeneity: Tau? = 0.01; Chi? = 16.65, df = 5 (P = 0.005); 12 = 70% 2 05 0 05 1

Test for overall effect: Z = 1.35 (P = 0.18)

Favors [Landmark-based] Favors [Ultrasound]

(B) Ultrasound Landmark-based Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Nomura 2007 23 24 16 22 16.7% 8.63 [0.95, 78.71] 2007 -
Lee 2008 28 29 26 32 16.9% 6.46 [0.73, 57.35] 2008 -
Cho 2009 30 30 25 30 12.0% 13.16 [0.69, 249.48] 2009 o »
Mofidi 2013 40 40 40 40 Not estimable 2013
Peterson 2014 38 50 39 50 28.9% 0.89[0.35, 2.27] 2014 I
Lahham 2016 64 71 83 87 25.5% 0.44[0.12, 1.57] 2016 — &
Total (95% CI) 244 261 100.0% 2.10 [0.60, 7.44] —~ai——
Total events 223 229
Heterogeneity: Tau? = 1.21; Chi? = 11.04, df = 4 (P = 0.03); I* = 64% 0.01 o1 ; 10 100

Test for overall effect: Z = 1.15 (P = 0.25)

Favors [Landmark-based] Favors [Ultrasound]

Figure 4. Risk difference (A) and OR (B) for success rate for adult studies.

(A) Ultrasound Landmark-based Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Kim 2014 30 33 20 31 16.6% 0.26 [0.07, 0.46] 2014 ———
Lam 2015 7 11 12 15 12.8% -0.16 [-0.51, 0.19] 2015 —

Gorn 2016 20 21 15 22 16.1% 0.27 [0.06, 0.49] 2016 ———

Neal 2017 48 63 29 64 17.3% 0.31[0.15, 0.47] 2017 — =

Ozdamar 2017 56 56 55 55 19.0% 0.00 [-0.03, 0.03] 2017 o

Kessler 2018 37 40 37 40 18.1% 0.00[-0.12, 0.12] 2018 ——

Total (95% CI) 224 227 100.0% 0.12 [-0.10, 0.34] ~ai—

Total events 198 168

Heterogeneity: Tau? = 0.06; Chiz = 79.92, df = 5 (P < 0.00001); Iz = 94% F 7 -o=.5 25 0? = 1=

Test for overall effect: Z = 1.08 (P = 0.28)

Favors [Landmark-based] Favors [Ultrasound]

(B) Ultrasound Landmark-based Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

Kim 2014 30 33 20 31 21.3% 5.50[1.36, 22.22] 2014 —_—
Lam 2015 7 1" 12 15 16.6% 0.44 [0.08, 2.55] 2015 =

Gorn 2016 20 21 15 22 12.6% 9.33[1.03, 84.20] 2016 -

Neal 2017 48 63 29 64 31.8% 3.86 [1.81, 8.26] 2017 —
Ozdamar 2017 56 56 55 55 Not estimable 2017

Kessler 2018 a7 40 37 40 17.8% 1.00 [0.19, 5.28] 2018

Total (95% CI) 224 227 100.0% 2.55 [0.99, 6.52] e —

Total events 198 168

Heterogeneity: Tau? = 0.57; Chi? = 8.42, df = 4 (P = 0.08); I = 53% 0.01 o1 1 10 100

Test for overall effect: Z = 1.95 (P = 0.05)

Favors [Landmark-based] Favors [Ultrasound]

Figure 5. Risk difference (A) and OR (B) for success rate for pediatric studies.

Overall, there were 35 traumatic LPs out of 327
total LPs (10.7%) in the ultrasound-assisted group and
78 traumatic LPs out of 294 total LPs (26.5%) in the
landmark-based group. The calculated RD was —
16.4% (95% CI = -27.6% to —5.2%) with a NNys of
6 (95% CI = 3 to 19) to successfully perform an LP
without resulting in a traumatic tap (Figure 6A). The
OR was 0.28 (95% CI = 0.18 to 0.45) in favor of

fewer traumatic LPs the ultrasound-assisted group (Fig-
ure 6B). Among adult studies, there were 12 traumatic
LPs out of 159 total LPs (7.5%) in the ultrasound-
assisted group and 31 traumatic LPs out of 146 total
LPs (21.2%) in the landmark-based group. The calcu-
lated RD was —12.1% (95% CI = -27.3% to 3.1%)
with an OR of 0.28 (95% CI = 0.14 to 0.59) in favor

of fewer traumatic LPs the ultrasound-assisted group
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(A) Ultrasound Landmark-based Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
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Figure 6. Risk difference (A) and OR (B) demonstrating an increased rate of traumatic LP in all studies. LP = lumbar puncture.
(A Ultrasound Landmark-based Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Nomura 2007 3 23 3 16 16.1% -0.06 [-0.29, 0.18] 2007 =
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(B) Ultrasound Landmark-based Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Nomura 2007 3 23 3 16 10.6% 0.65[0.11, 3.73] 2007
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Cho 2009 1 30 6 25 21.8% 0.11[0.01, 0.98] 2009 il
Mofidi 2013 5 40 18 40 541%  0.17[0.06,0.54] 2013 —
Peterson 2014 2 38 1 39 3.2% 2.11[0.18, 24.30] 2014
Total (95% CI) 159 146 100.0% 0.28 [0.14, 0.59] i
Total events 12 31
i 2 = - = 2= I + + d
Heterogeneity: Chi* = 4.90, df = 4 (P = 0.30); I = 18% 0.01 01 1 10 100

Test for overall effect: Z = 3.41 (P = 0.0007)

Favors [Landmark-based] Favors [Ultrasound]

Figure 7. Risk difference (A) and OR (B) demonstrating an increased rate of traumatic LP in adult studies.

(Figure 7). Among pediatric studies, there were 23
traumatic LPs out of 168 total LPs (13.7%) in the

ultrasound-assisted group and 47 traumatic LPs out of

148 total LPs (31.8%) in the landmark-based group.

The calculated RD was —21.3% (95% CI = —38.2%
to —4.3%) with an OR of 0.28 (95% CI = 0.16 to
0.51) in favor of fewer traumatic LPs in the ultra-

sound-assisted group (Figure 8). There was no
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Figure 8. Risk difference (A) and OR (B) demonstrating an increased rate of traumatic LP in pediatric studies.
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Figure 9. Mean time to successful LP among all studies demonstrating an increased time in the landmark group.
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Figure 10. Mean number of needle passes among all studies demonstrating increased needle passes in the landmark group.

statistically

significant  difference in

SUcCcess

rates

—1.80 minutes (95% CI = —3.57 to —0.03) in favor of

between attending physician and resident physician
studies with respect to success rates (Data Supplement
S1, Supplemental Figures 3A, 3B, 4A, and 4B).
Overall, mean (£SD) time to perform a successful
LP was 6.87 (+6.77) minutes in the ultrasound-
assisted group and 7.97 (£10.11) minutes in the land-
mark-based group. The adjusted mean difference was

the ultrasound group (Figure 9). Among adult studies,
mean time to perform a successful LP was 7.55
(£7.41) minutes in the ultrasound-assisted group and
8.46 (£10.48) minutes in the landmark-based group
with an adjusted mean difference of —3.03 minutes
95% CI = =3.54 to —2.52) in favor of the ultrasound

group. The reduced time to successful LP was also
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Table 2
Cochrane Risk of Bias for Included Studies

Allocation
Concealment

Random Sequence

Study Generation

Selective
Reporting  Bias

Blinding of
Participants
and Personnel

Blinding of
Outcome
Assessment

Other Incomplete

Outcome Data

Nomura 2007° L

Lee 2008

Cho 2009

Mofidi 20131°

Kim 20142

Peterson 20143

Lam and Lambert 2015™

Lahham 2016'®

Gorn 2017'®

Neal 20177

Ozdamar 20172°

r|jcir|r|xT|r | |Cc|C|r |r |
r|jclrj|jc|c|c|r |c|c|r |r |
||| (||| | ||

Kessler 20188

||\ ||\ || || |(r ||
|-\ | ||| |r|C|r ||
|-\ ||| |r|C|r ||
||\ |- ||| |r|r|cC|rC |-

H = high risk of bias; L = low risk of bias; U = unclear risk of bias.

identified in the attending physician subgroup. There
was insufficient data to perform meta-analysis on time
to successful LP among the pediatric or resident physi-
cian studies (Data Supplement S1, Supplemental Fig-
ures 5-8).

Overall, there was a mean (£SD) of 2.07 (£2.06)
needle passes in the ultrasound-assisted group and
2.66 (£2.53) in the landmark-based group. The
adjusted mean difference was —0.61 (95% CI = —1.00
to —0.23) in favor of fewer passes in the ultrasound
group (Figure 10). Among adult studies, there was a
mean (£SD) of 2.46 (£2.59) needle passes in the
ultrasound-assisted group and 3.05 (£3.07) in the
landmark-based group with an adjusted mean differ-
ence of —0.81 (95% CI = —1.57 to —0.05) in favor of
fewer passes in the ultrasound group (Data Supple-
ment S1, Supplemental Figure 9). Among pediatric
studies, there was a mean (£SD) of 1.53 (£0.88) nee-
dle passes in the ultrasound-assisted group and 2.07
(£1.32) in the landmark-based group with an adjusted
mean difference of —0.47 (95% CI = -0.73 to —0.21)
in favor of fewer passes in the ultrasound group (Data
Supplement S1, Supplemental Figure 10). The
reduced number of needle passes was also identified
in the attending physician subgroup (Data Supplement
S1, Supplemental Figure 11). There was insufficient
data to perform meta-analysis on number of needle
passes in the resident physician subgroup (Data Sup-
plement S1, Supplemental Figure 12).

The ultrasound-assisted LP had a mean (£SD) pain
score of 3.75/10.0 (£1.80) and the landmark-based
group had a mean (£SD) pain score of 6.31/10.0

(£2.17). The adjusted mean difference was —2.53/10
(95% CI = —3.89 to —1.17) in favor of less pain in
the ultrasound-assisted group (Data Supplement SI,
Supplemental Figure 13). There were insufficient data
to perform subgroup analyses on this outcome.
Studies were at an overall low risk of bias for most
criteria (Table 2). One study was at high risk for “ran-
dom sequence generation” because they allowed
patients to switch groups based on provider prefer-
ence.’” No studies were at high risk for any of the
other criteria. Three studies were at unclear risk for
random sequence generation due to limited descrip-
tion of the specific randomization technique.'>!*?°
Six studies were at unclear risk for “allocation conceal-
ment” due to limited description of how allocation
was concealed.! 21101920 A1l srudies were at low risk
of “selective reporting” and “other bias.” One study
was at unclear risk of “blinding of participants and
personnel” because the sonographers also performed
the LP."” One study was at unclear risk of “blinding
of outcome assessors” because it did not explicitly
describe who performed the outcome assessments.'’
One study was at unclear risk of “incomplete outcome
data” because four patients with missing information

were excluded.'!

DISCUSSION

This systematic review and meta-analysis demonstrated
that ultrasound-assisted LP had a significantly higher
success rate when compared with the traditional, land-
mark-based technique. While both techniques had
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relatively high success rates, the ultrasound technique
was associated with a calculated RD of 8.9%, corre-
sponding to a NNyg of 11. With an incidence of
approximately 100,000 LPs performed annually and a
calculated RD of 8.9%, the use of ultrasound guidance
has the potential to increase the success rate among
nearly 9,000 patients every year.”*

The ultrasound-assisted approach was also associ-
ated with a significantly reduced rate of traumatic LPs.
Our study identified a 16.4% calculated RD, corre-
sponding to a NNyg of 6. Importantly, traumatic LPs
can lead to diagnostic uncertainty, prolonged hospital
courses, additional procedures, increased health care
costs, and potential iatrogenic complications.”® By
using ultrasound guidance, it is possible that providers
will be able to identify a more accurate trajectory to
the interspinous space or use fewer needle passes,
thereby reducing the risk of traumatic LPs as noted in
this review.

Total time to LP completion was 2 minutes less in
the ultrasound-assisted group. The clinical significance
of this to the provider may be limited, but this could
be a potential patientrelevant outcome, as it will
reduce the time spent with a sharp needle in their
skin. While the current data were limited with respect
to procedure time among pediatric patients, this could
be particularly important in this subgroup, as it could
also reduce the time spent in a restricted position,
which can affect both the patient and caregiver anxiety
about the procedure. Further studies are needed to
determine whether the time reduction is also present
in the pediatric subgroup.

Ultrasound was also associated with reduced patient
pain scores. The clinically significant threshold for
pain reduction has been suggested to be 0.9 to 1.2
out of 10.2727 Our study found that there was a
reduction of 2.5 out of 10, which exceeds the thresh-
old of both statistical and clinical significance. It is
possible that the reduced number of needle passes or
reduced time to procedure completion may have led to
reduced pain for patients. However, regardless of the
cause, this is an important patientcentered outcome
that should also be considered in the decision to use
ultrasound prior to LPs.

Subgroup analyses comparing adult with pediatric
patients demonstrated a trend toward improved out
comes in both subgroups, but none reached statistical
significance. Similarly, the attending and resident
physician subgroups demonstrated a trend toward
improved outcomes, but also did not reach statistical

significance. Given the relatively wider Cls and consis-
tent trends in both subgroups, it is likely that they
were underpowered to identify a difference in these
More trials are needed to determine
whether one subgroup is more significantly impacted
than the other.

One previous systematic review and meta-analysis
was performed by Shaikh and colleagues in 2012.%
The authors combined both epidural catheterizations

outcomes.

and LPs performed in wide range of settings and
demonstrated an improved success rate in the ultra-
sound group. However, the authors included predomi-
nantly epidural catheterizations, which require a
significantly different skill set than LPs. They included
only three published LP studies comprising a total of
167 patients. Our study identified nine additional pub-
lications, resulting in a fivefold increase in the number
of patients. As a result, this study provides more
robust data to support the potential benefit of ultra-
sound for LP performance. Additionally, our study is
the first to report data on rates of traumatic LP, time
to procedural success, number of needle passes, and
patient pain scores. Finally, our study is the first to
perform subgroup analyses of pediatric patients, adult
patients, attending physician sonographers, and resi-
dent physician sonographers.

Importantly, ultrasound is a provider-dependent
skill. Consequently, like other ultrasound applications,
it is important that clinicians learn and practice this
technique regularly to maintain proficiency. Potential
barriers to training can include lack of comfort with
this application, absence of a trained faculty member
to educate on this technique, and insufficient time for
training.”” Of note, while the ideal training protocol
has not been described, many of the included studies
utilized a 2-hour training period with both didactic
and hands-on components. Therefore, time may be
less of a barrier for this technique than other ultra-
sound applications.

The primary outcome fragility index of 22 indicates
a fairly robust finding. However, the lack of statistical
significance in the subgroup analysis of adult and
pediatric patients signals a need for more randomized
controlled trials to determine whether these subgroups
demonstrate improved success rates with ultrasound in
isolation. Future studies should also assess the effect
of transducer type, body habitus, and provider training
level on ultrasound accuracy, as well as the ideal train-
ing protocol and associated costs with acquiring and
maintaining proficiency with this application.
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LIMITATIONS

It is important to consider several limitations with
respect to the current review. First, there was moderate
statistical and clinical heterogeneity with some studies
assessing this technique in all patients requiring LP,
while others selected patients who were anticipated to
be difficult LP procedures. Additionally, we included
both pediatric and adult patients in this analysis. Pedi-
atric patients have different challenges than adult
patients with respect to performing LPs. While both
adult and pediatric studies demonstrated a trend
toward improved success rates in the ultrasound-
assisted group, neither was statistically significant in
isolation. While it is possible that this may have
occurred because both groups were underpowered
when assessed independently, further studies would be
beneficial to determine whether the effect is truly pre-
sent in both groups. It is also unclear whether specific
pediatric age groups (e.g., neonate, infant, child, teen-
ager) would have different outcomes compared with
other groups. Moreover, there was variation in ultra-
sound transducer selection, with some studies using a
linear transducer, while others used a curvilinear trans-
ducer. It is unclear from our current data which trans-
ducer is more accurate for this procedure. However,
one recent study found that the curvilinear transducer
was more accurate than the linear transducer among
obese patients.”® Furthermore, most studies did not
adequately describe the ultrasound training for the
providers. Therefore, it is unclear what the ideal train-
ing model is for this technique and current data are
limited with respect to learning curves for this proce-
dure.”® Finally, all of the studies used ultrasound to
identify the space prior to the procedure, so there are
limited data on the use of ultrasound for dynamic
guidance.*

CONCLUSION

Ultrasound-assisted lumbar punctures were associated
with higher success rates, fewer traumatic lumbar
punctures, shorter time to successful lumbar puncture,
fewer needle passes, and lower patient pain scores.
Ultrasound should be considered prior to performing
all lumbar punctures, especially in patients with diffi-
cult anatomy. Further studies are recommended to
determine whether this effect is consistent in both
adult and pediatric subgroups, as well as the impact of
transducer type and body habitus on this technique.

The authors thank Jennifer C. Westrick, MSLIS, for her assis-
tance with the literature search.
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