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ABSTRACT

Introduction: Spinal anesthesia is a challenging procedure, especially in the elderly popula-
tion. The ultrasound-guiding is reported to provide additional information to facilitate the pro-
cedure. To date, there has been no meta-analysis in this field.

The study aimed to systematically review and compile a meta-analysis to examine the efficacy
of ultrasound-guiding compared to the palpation of anatomical landmarks in spinal anesthesia
procedures performed for elderly patients.

Methods: A systematic literature search from PubMed, Cochrane Library, and Clinicaltrial.
gov was conducted to find randomized controlled trials study which comparing ultrasound-guid-
ing and anatomical landmarks of spinal anesthesia in geriatric population. Meta-analysis was
performed according to PRISMA guidelines. The continuous and dichotomous data, respectively,
are using the calculation of mean differences with inverse variance, and Odds Ratio using the
Mantel-Haenszel method.

Results: Four studies with a total of 436 patients met the criteria. Based on the analysis, land-
mark-guided have more number of attempts [1V -0.66, 95%CI=(-1.20, —0.13), p=0.01], and higher
number of passes [IV -1.43, 95%CIl=(-2.68, —0.18), p=0.03], compared to ultrasound-guided. Ul-
trasound-guided has success rate of first attempt [OR 3.37, 95%CI=(1.17, 9.73), p=0.02], and
success rate of first passes [OR 3.60, 95%CI=(1.39, 9.29), p=0.008], which is significantly higher
when compared to landmark-guided. Ultrasound-guided had a longer duration of procedure than
landmark-guided which was statistically significant [1V 59.14, 95%CI=(4.58, 113.70), p=0.03].

Conclusion: The ultrasound-guiding for spinal anesthesia in elderly is recommended. This
approach should be considered as the standard of care, given its potential to improve technical
efficacy in conducting spinal anesthesia in particular populations.

Keyworps: anesthesia, elderly, landmark, spinal, ultrasound.

INTRODUCTION

Spinal anesthesia is a procedure for administering [Butterworth J et al., 2018]. Currently, spinal anes-
anesthetic drugs to relieve pain in patients who will thesia has become one of the main areas of anesthesia
undergo surgery by injecting local anesthetic drugs  and regional anesthesia. Traditionally, the exact site
into the cerebrospinal fluid in the subarachnoid space ~ of needle insertion is located by palpating the ana-
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tomic landmarks. It is recognized that the method of
palpation of such landmarks can be challenging. Spi-
nal anesthesia needs to be done with a special ap-
proach, especially in some groups of patients who are
unable to perform flexion at all, such as pregnant,
elderly, or obese patients. In the aging process, there
will be various typical findings that may not be found
in young-adult patients, elderly patients also have
many special characteristics that distinguish them
from other populations. This condition makes spinal
anesthesia relatively more difficult in elderly pa-
tients, who also often have abnormal anatomy [Uyel
Y, Kilicaslan A, 2021]. Given the challenges and
complications associated with performing spinal an-
esthesia, particularly in the elderly population, the
use of ultrasound-guiding (USG) may provide ad-
ditional information to facilitate the procedure. Al-
though there have been several recommendations
for the use of ultrasound in cases of patients with
technical difficulties during spinal anesthesia [An-
sari T et al.,2014; Sahin T et al.,2014] , still, ultra-
sound-guiding has not been widely applied. Another
study stated ultrasound-guiding yields limited ben-
efit to patients without predictable difficulty, and
may take longer to perform than palpation of land-
marks [Gambling D. R.2011].

Many studies have analyzed the efficacy of ul-
trasound-guiding compared with landmark palpa-
tion methods in spinal anesthesia on several popu-
lations [Perlas A. 2016]; however, given the het-
erogeneity in their criteria. There has been no
meta-analysis in the elderly population, limited by
the small number of trial studies. In addition, since
this study has been carried out, many trials have
been published. We aimed to carry out a systematic
review and meta-analysis to examine the efficacy
of ultrasound-guided compared to the palpation of
anatomical landmarks in spinal anesthesia on el-
derly. To optimize the weighting of study out-
comes, we used analyses of randomized controlled
trials to increase the validity of our study.

MATERIAL AND METHODS

The approach method in the systematic review
was started by using The Preferred Reporting Items
for Systematic Reviews and Meta-Analysis
(PRISMA) protocol, followed by a meta-analysis.

Systematic Search: A systematic search for lit-
erature published in journals was conducted using

the PubMed database, Clinicaltrial.gov, and Co-
chrane Library. The search was conducted in the
last ten years until October 2021. All studies with
randomized controlled trials (RCTs) comparing
ultrasound-guided and landmark-guided in spinal
anesthesia were included in the study. The search
in this study followed the appropriate keywords
for each database. Further exploration was done
through reading the entire contents of the studies
that have been used.

Inclusion and exclusion criteria: The initial
selection was done by sorting out titles, abstracts,
and keywords that matched the inclusion criteria
of this study. Randomized controlled trials (RCTSs)
comparing ultrasound-guided and landmark-
guided directly in elderly patients undergoing spi-
nal anesthesia procedures and studies with two or
more arms met the inclusion criteria. We excluded
studies that did not use English with the aim of
avoiding bias and misunderstanding when extract-
ing data. In addition, research that is not a random-
ized controlled trial, such as observational designs
(cohort, case-control, and cross-sectional), com-
mentary, editorial, review study, case report/case
series, research that is only in the form of abstracts,
research on animals and in-vitro studies were in-
cluded in the exclusion criteria.

Study Selection and Data Extraction: The
study selection process in this study used guide-
lines from the PRISMA flowchart. Five authors
contributed to the study selection and data extrac-
tion. If there are problems and disagreements, they
will be resolved by discussion. Data extraction
carried out in each study were:
Name and year of author, research
location, study design, number of
samples, type of surgery, level of
competence from the operator, and
the outcome. Data extraction from
each study will be included in the
tabulation. The obtained data were
then inputted using Review Man-
ager 5.4 software for analysis. All

To overcome it

is possible, due to the

uniting the knowledge and
will of all doctors in the world R
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studies that met the criteria were analyzed in the
outcome section. Outcomes include the number of
attempts, number of passes, the success rate on the
first attempt, the success rate on first passes, and
total procedure duration. Number of attempts rep-
resent the frequency with which the needle is with-
drawn from the skin and reinserted. Number of
passes represent the withdrawal moves and adjust-
ment (redirection) without removing the needle
from the skin [Srinivasan K.-K. et al., 2018].

Statistical Analysis: Continuous data (number
of attempts, number of passes, and total procedure
duration) were presented using the mean differ-
ence with a 95% confidence interval (Cl); a p-
value below 0.05 was considered statistically sig-
nificant. Dichotomous data (success rate on the
first attempt, and success rate on first passes) were
presented using an odds ratio (OR) with 95% ClI;
p-value below 0.05 was considered statistically
significant. Heterogeneity between studies was
calculated using I?%; if 12>50%, it was considered
statistically high heterogeneity, and a random-ef-
fects model was applied. If 12<50%, then the fixed
effect model is applied to this meta-analysis. Sta-
tistical analysis using RevMan 5.4 for Windows
software is presented in the form of forest plots
and descriptive narratives.

Risk of Bias: The risk of bias in each study that
meets the inclusion criteria uses the Cochrane Risk
of Bias Tools In For Randomized Trial 2 method,
which divides the risk of study bias based on the
randomization process, deviation from the inter-
vention, allocation concealment, blinding process,
missing outcome data, measurement and selection
of research results. (Fig. 1)

RESULTS

There were four studies and 436 patients in-
cluded in our study. Data extracted from these
studies included the number of attempts, number
of passes, the success rate on the first attempt, the
success rate on first passes, and total time required
to perform spinal anesthesia procedures. Detailed
information about the characteristics of each study
included in our study is presented in Table.

Based on the risk analysis of bias, the overall
study risk was moderate. Analysis of the risk of bias
using the Cochrane Risk of Bias Tools for Random-
ized Trials method 2. All studies that fall into the
research inclusion criteria describe the process of
randomizing samples into each intervention group
adequately. In a study design from Uyel T. and Kili-
caslan A (2021), neither the patient nor the anesthe-
siologist was blinded, whereas in other study, only
patients were blinded [Rizk M 2019; Park S et al.,
2019; Qu B et al., 2020].

OUTCOME ANALYSIS

Number of attempts: The number of attempts for
spinal anesthesia is calculated in units of times. There
are four studies that compare the number of attempts
for puncture with ultrasound-guided and landmark-
guided methods. In the forest plot analysis, the com-
bination of the four studies had statistically high het-
erogeneity with 12 = 74% (P = 0.008). Therefore, a
random effect statistical model is used to determine
the results of the study. The analysis showed a sig-
nificant difference, where landmark-guided had a
higher number of attempts than ultrasound-guided,
which was statistically significant [IV -0.66, 95% CI
=(-1.20, - 0.13), p = 0.01] (Fig.2).

Random sequence generation (selection bias)_ eSS S
Allocation concealment (selection bias)_ ® eSS

Blinding of participants and personnel (performance bias) _ o & S s
Blinding of outcome assessment (detection bias) - "?"M?-d“?_.nij
Incomplete outcome data (attrition blas)_ oo e
Selective reporting (reporting bias) ——| 2 | 8@ |
Other b|as| 22|22

X

&% 25% 5% 75%  100% ?,‘3 % g z

BXZ o 0

. Low risk of bias [:| Unclear risk of bias . High risk of bias %20 ;i :—’ ii

FiGcure 1. The results of the risk analysis of bias
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TABLE
Comparison characteristics of studies that meet the inclusion criteria paramedian
technique for spinal anesthesia and received outcome

Sample Type of Surgery Location Operator competences
Characteristics of studies by Qu B et al., 2020
Ultrasound (40); Elective hip fracture
Landmark (40) surgery
> 65 years old
OurcoME: First-pass success rate. first-attempt success rate; the number of needle insertion attempts; the
number of needle passes; and total time; adverse reactions, complications; and patient satisfaction score
Characteristics of studies by Rizk M et al, 2019
Ultrasound (60); Heterogenous elective
Landmark (60) surgery
> 60 years old  (urology, orthopedic, and
general surgery)
OurcoMmk: Rate of successful puncture on the first needle insertion attempt; the number of needle insertion
attempts; the number of needle passes; time is taken to perform; patient satisfaction, periprocedural pain score,
the success of spinal anesthesia, and complications.
Characteristics of studies by Uyel K, Kilicaslan A, 2021
Ultrasound (78); elective orthopedic lower  Konya,
Landmark (78) extremity surgery. Turkey
> 65 years old

Ourcome: First needle insertion attempt successfulness, number of needle insertion attempts; needle
redirections, time taken to establish landmarks, total procedure time, needle pain score; patient satisfaction,
complications related to spinal anesthesia.
Characteristics of studies by Park S et al, 2019

Ultrasound (40); Elective orthopedic Seoul, South

Landmark (40) surgery Korea

> 60 years old

OurcomE:The number of needle passes and needle-insertion attempts; time for identifying; time for
administering spinal anesthesia; incidence of radicular pain, paraesthesia and blood tap by the spinal needle;
periprocedural pain score; periprocedural discomfort score; level of sensory block.

Guangzhou,
China

experienced anesthesiologist in neuroaxial USG

Beirut,
Libanon

novice residents who have performed less than
five spinal attempts since the beginning of their
residency

experienced anesthesiologist in neuroaxial USG

experienced anesthesiologist

Study or Subgroup Ultrasound-guided Landmark-guided Mean Difference Mean Difference
Mean SD Total Mean SD Total Weight IV, Random, 95% CI, Year IV, Random, 95% ClI,

Park S etal., 2019 1 1.75 60 1 1 60 27.6% 0.00 [-0.51, 0.51] 2019
Rizk M et al., 2019 1 1 40 1.5 4 40 11.8% -0.50 [-1.78, 0.78] 2019
Qu B et al., 2020 1 1 40 2 0.25 40 32.6% -1.00 [-1.32, 0.68] 2020 1
Uyel Y., Kilicaslan A., 2021 1 1 78 2 2 78 28.0% -1.00[-1.50, 0.50] 2021 :
Total (95%) ClI 218 218 100% -0.66 [-1.20. -0.13]
Heterogeneity: Tau? = 020; Chi 2 =11.74 df = 3 (P=0.008); I* = 74%
Test for overal effect Z=2.44 (P=0.01) -1=00 .50 0 56 100

Fi1curke 2. Forest plot of number of attempt

Number of passes: The number of passes for
spinal anesthesia is calculated in units of times.
There are four studies comparing the number of
passes of ultrasound-guided and landmark-guided
punctures. In the Forest plot analysis, the combi-
nation of the four studies had statistically high het-
erogeneity with 12 = 98% (P = 0.00001). Therefore,
a random effect statistical model is used to deter-

mine the results of the study. The analysis showed
a significant difference, where landmark-guided
had more number of passes than ultrasound-
guided, which was statistically significant [IV
-1.43, 95% CI = (-2.68, — 0.18), p = 0.03] (Fig.3)..

SUCCESS RATE OF FIRST ATTEMPT: Differences
in the success rate of the first attempt between ul-
trasound-guided and landmark-guided were found
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Study or Subgroup Ultrasound-guided

Mean SD Total

Landmark-guided
Mean SD Total

Weight 1V, Random, 95% CI, Year

Mean Difference
1V, Random, 95% CI

Mean Difference

Total (95%) CI 218 218
Heterogeneity: Tau? = 1.45; Chi 2 =132.09 df = 3 (P<0.00001)
Test for overal effect Z=2.23 (P=0.03)

Park S etal., 2019 1 225 40 45 575 40 17.0% -3.50 [-5.41,-1.59] 2019 "
Rizk M et al., 2019 2 1 60 2 0688 60 27.8% 0.00 [-0.31, 0.31] 2019
Qu B et al., 2020 1 025 40 3 05 40 28.1% -2.00 [-2.17, -1.83] 2020
Uyel Y., KilicaslanA.,2021 2 15 78 3 15 78 27.1% -1.00 [-1.47, -0.53] 2021

100% -1.43 [-2.68, -0.18]
;17 =98% | I L

-100 -50 0 50 100

FiGure 3. Forest plot of number of passes

in 4 studies. In the forest plot analysis, the combi-
nation of the four studies had statistically high het-
erogeneity with 12 = 83% (P = 0.0007). Therefore,
a random effect statistical model is used to deter-
mine the results of the study. The analysis showed
that the success rate of the first attempt was statis-

tically significant, in which the ultrasound-guided
had a higher number than the landmark-guided
[OR 3.37,95% CI = (1.17, 9.73), p = 0.02] (Fig.4).

SUCCESS RATE OF FIRST PASSES: There are four
studies comparing the success rate of first passes
between ultrasound-guided and landmark-guided.

Study or Subgroup Ultrasound-  Landmark-guided Odds Ratio Odds Ratio
guided 1V, Random, 95% CI
Events Total Events Total Weight M-H, Random, 95% CI, Year
Park S etal., 2019 33 40 13 40 23.6% 9.79[3.43, 27.99] 2019 —_—
Rizk M et al., 2019 44 60 46 60 25.8% 0.84 [0.37, 1.92] 2019 —
Qu B et al., 2020 34 40 17 40 234% 7.67[2.63, 22.36] 2020 —
Uyel Y., Kilicaslan A. 2021 58 78 42 78 27.3% 2.49 [1.26, 4.89] 2021 —_—
Total (95%) ClI 218 218 100% 3.37[1.17, 9.73] *
Total events 169 118 . . . \
Heterogeneity: Tau? = 0.95; Chi 2=17.16 df = 3 (P=0.0007); I? = 83% 0;01 O.I]_ 1 ]I_O 10|0
Test for overal effect Z=2.25 (P=0.02)

F1GcurE 4. Forest plot of success rate of first attempt

In the forest plot analysis, the combination of the
four studies had statistically high heterogeneity
with 12 =79% (P = 0.003). Therefore, a random ef-
fect statistical model is used to determine the re-
sults of the study. The analysis showed statistically
significant difference between the two groups,
with ultrasound-guided showing a higher success

rate of first passes than landmark-guided [OR 3.60,
95% CI = (1.39), 9.29, p = 0.008] (Fig.5).
DURATION OF PROCEDURE: The duration of the
procedure for performing spinal anesthesia is calcu-
lated in units of the second (s). There are four studies
comparing the duration of the procedure for perform-
ing spinal anesthesia with ultrasound-guided and

Study or Subgroup Ultrasound-  Landmark-guided Odds Ratio Odds Ratio
guided 1V, Random, 95% ClI
Events Total Events Total Weight M-H, Random, 95% Cl, Year
Park S etal., 2019 19 60 15 60 26.2.3% 1.39 [0.63, 3.09] 219 -1
Rizk M et al., 2019 26 40 7 40 23.2.3% 8.76 [3.09, 24.84] 2019 _—
Qu B et al., 2020 28 40 8 40 23.3.3% 9.33[3.34, 26.10] 2020 ‘_.__'_
Uyel Y., Kilicaslan A., 28 78 18 78  27.3% 1.87[0.93, 3.76] 2021
2021 -
Total (95%) ClI 218 218  100% 3.60[1.39, 9.29] I } i |
Total events 101 48 0.01 01 1 10 10
Heterogeneity: Tau? = 0.73; Chi 2 =14.05 df = 3 (P<0.003); 12 = 79%
Test for overal effect Z=2.64 (P=0.008)

FIGURE 5. Forest plot of success rate of first passes
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Study or Subgroup Ultrasound-guided Landmark-guided Mean Difference Mean Difference
Mean SD Total Mean SD Total Weight 1V, Random, 95% CI, Year 1V, Random, 95% ClI, Yea

Park S etal., 2019 1815 4475 40 925 81.75 40 28.2% 89.00 [60.12,117.88] 2019 | _—
Rizk M et al., 2019 116.3 98.12 60 87.24 79.51 60 27.8% 29.08 [-2.88,61.04] 2019 -——
Qu B et al., 2020 608.2 196.9 40 440.3 240.1 40 15.7% 167.9[71.67,264.13] 2020 —_—
Uyel Y., Kilicaslan A., 2021 134.3 79.6 78 1358 101 78 28.3% -1.50[-30.04, 27.04] 2021 —_——
[Total (95%) CI 218 218 100% 59.14 [4.58, 113.70] _..*-
Heterogeneity: Tau? = 2526.01; Chi ? =26.29 df = 3 (P<0.00001); I* = 89% [ ! '
Test for overal effect Z=2.12 (P=0.03) -100 -50 0 50 100

FIGURE 6. Forest plot duration of procedure

landmark-guided methods. In the forest plot analysis,
the combination of the four studies had statistically
high heterogeneity with 12 = 89% (P = 0.00001).
Therefore, a random effect statistical model is used to
determine the results of the study. The analysis a sig-
nificant difference, where ultrasound-guided had a
longer duration of procedure than landmark-guided,
which was statistically significant [1V 59.14, 95% CI
= (4.58, 113.70), p = 0.03] (Fig. 6).

DiscussioN

Spinal anesthesia procedure in certain popula-
tion, such as elderly or geriatric patients, is chal-
lenging, mainly due to significant technical diffi-
culties [Rabinowitz A et al. 2007]. Conventional
spinal anesthesia generally relies on an approach
through surface anatomic landmarks. However,
this technique or approach is something that can be
difficult, when performed in geriatric patients,
who were common population with degenerative
changes in the spine [Chin K et al., 2011].

Elderly patients are often found to have lumbar
degeneration, scoliosis, or previous spinal surgery,
making it difficult for clinicians to palpate land-
marks during spinal anesthesia procedures [Uyel Y,
Kilicaslan A, 2021]. Several difficulties have been
reported associated with the use of spinal anesthe-
sia in elderly patients. In the geriatric patient pop-
ulation, clinicians generally find it difficult to
mark the point of insertion. This is due to the nee-
dle puncture landmarks that can change due to tis-
sue distortion (skin that is easy to move and loose
in the elderly) [Rizk M 2019]. Other risk factors
reported to predict difficulty with spinal anesthesia
procedures are the patient’s ability to flex their
back. Spinal anesthesia in geriatric patients often
encounters problems because patients have diffi-
culty achieving such optimal body position [Chin

K. J 2018]. This limitation in body position ulti-
mately causes the interlaminar space to be rela-
tively narrow [Qu B et al., 2020].

Our systematic review and meta-analysis have
shown that ultrasound improves technical efficacy
to identify the needle insertion point and perform
the spinal anesthesia procedure. However, the time
required to perform spinal anesthesia procedures is
longer when using ultrasound guidance. Further-
more, it is possible that the perceived delay in the
completion of spinal anesthesia procedures when
using ultrasound may preclude clinicians from in-
corporating it into their routine practice, particu-
larly in regional anesthesia, where timely perfor-
mance may be required [Young B et al., 2021].

The analysis results in this meta-analysis study
indicate that ultrasound-guiding improves the
technical performance of spinal anesthesia in this
particular group of elderly patients. The potential
of preprocedural ultrasound to improve the opera-
tor’s technical ability to place spinal anesthesia,
may reduce the incidence of failure of analgesia or
anesthesia, and reduce intra-operative pain scores.
It has been hypothesized that decreasing the num-
ber of skin punctures and needle diversion may de-
crease the development of hematoma and the rate
of post operative back pain [Wilkes D et al. 2017].
In addition, many reported cases of spinal hema-
toma have been associated with tap bleed and dif-
ficult or traumatic neuraxial placement [Young B et
al., 2021].

Our study has several limitations. There are
several factors such as variations in operator com-
petence, type of surgery, to the level of anatomical
difficulty that can affect the outcome of spinal an-
esthesia procedures. In previous study, Rizk et al
[Rizk M 2019], reported that spinal anesthesia in
the elderly population is less difficult and easier
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than expected, thus affecting the level of benefit
from the use of ultrasound. The complications that
occurred in these studies were not clearly ex-
plained. To avoid bias and errors in data extrac-
tion, we only take the outcome data which are re-
ported in all reviewed journals. Some of the in-
cluded trials are at risk of performance and detec-
tion bias, leading to a decrease in the quality of the
evidence.
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