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EVALUATING THE ROLE OF VERTEBRAL
ANATOMY EXAMINATION BY
ULTRASONOGRAPHY BEFORE
ADMINISTERING SPINAL ANESTHESIA
IN GERIATRIC PATIENTS: A PROSPECTIVE
RANDOMIZED TRIAL

AsstrRACT

Introduction: This study evaluated the importance of examining neuraxial
anatomy by preprocedural ultrasonography to ensure effective spinal anesthesia
administration, which can be technically challenging in geriatric patients owing
to their physiological and pathological conditions.

Materials and Methods: Geriatric patients with an American Society of
Anesthesiologists’ physical classification of I-lll undergoing elective surgery
under spinal anesthesia were included. The patients were divided into two
groups: the anatomical landmark-guided group and the ultrasound-assisted
group. Spinal block application times, number of attempts and number of
need|e redirections were recorded.

Results: Among the studied patients, 29 and 30 patients were included
in the anatomical landmark-guided group and the ultrasound-assisted group
groups, respectively. There was no significant difference in the mean age of the
patients in the ultrasound-assisted group (74.6 + 7.41 years) and the anatomical
landmark-guided group (75.6 + 7.52 years). Assisted procedure time and total
operative time were significantly shorter in the anatomical landmark-guided
group than in the ultrasound-assisted group (p<0.001 and p<0.05, respectively);
however, spinal application times and number of trials and needle redirections
were significantly lower in the ultrasound-assisted group than in the anatomical
landmark-guided group (p<0.05 and p <0.05, respectively).

Conclusion: Preprocedural ultrasonography before spinal anesthesia
administration increases the first-attempt success rate and decreases the
number of attempts and needle redirections in geriatric patients.
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INTRODUCTION

With improvements in the health care system and
patient care services worldwide, life expectancy has
increased, and the proportion of elderly people is
gradually increasing. According to the World Health
Organization, patients over the age of 65 years are
defined as geriatric patients (1, 2). Many geriatric
patients have more than one chronic disease and
at least one disease that requires surgery. Due to
existing comorbidities, spinal anesthesia is usually
preferred to protect the airway and cognitive
functions, especially in lower extremity and lower
abdominal surgeries, in geriatric patients. Studies
have shown that the incidences of deep vein
thrombosis and pulmonary embolism and the
amount of postoperative bleeding are lower when
spinal anesthesia is administered instead of general
anesthesia (3, 4).

The failure rate of spinal anesthesia in geriatric
patients ranges between 8% and 14%. High failure
rates can be attributed to difficulty in administering
spinal anesthesia due to physiological and
pathological changes such as disk degeneration,
decreaseinbonemass, facetjointhypertrophy, spinal
degeneration, spinal deformities, ossifications in
spinal ligaments, and narrowing of the interspinous
spaces (5). Therefore, because multiple attempts
at administering spinal anesthesia are required in
geriatric patients, complications such as postdural
headache, neurological damage, spinal hematoma,
and bloody cerebrospinal fluid (CSF) often occur
(5, 6). Ultrasonography (USG) is a noninvasive,
portable and radiation-free imaging modality that is
prominently used in clinical practice. Its widespread
use and easy accessibility make USG a suitable
method for examining neuraxial blocks.

The aim of this study was to evaluate the effect
of examining neuraxial anatomy by preprocedural
USG examination on the effectiveness of spinal
anesthesia in geriatric patients, which is challenging
due to physiological and pathological conditions.
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MATERIALS AND METHODS

This prospective and randomized controlled
study was approved by the Ethical Committee
of Osmangazi University (decision number:
2020/39). Patients were informed about the study
protocol, and verbal and written informed consent
was obtained. Patients with an ASA physical
classification of I-ll, who were 65 years and older
and underwent an elective operation under spinal
anesthesia were included in the study. Patients
in whom spinal anesthesia was contraindicated,
including those with histories of an allergy to local
anesthesia, coagulation disorder, infection at the
site of intervention, and lumbar surgery, and those
who were unwilling to participate in the study
were excluded. Patients in both groups were taken
to the operating room and underwent standard
monitoring (electrocardiogram, pulse oximetry,
and noninvasive blood pressure). Intravenous
cannulation was performed, and intravenous drip of
normal saline was connected. The patients in both
groups were placed in a sitting or lateral decubitus
position, depending on the type of anesthesia
desired.

Patients were divided into two groups based on
the preprocedural examination method used: the
anatomical landmark-guided group (ALGG) and
the ultrasound-assisted group (UAG). Imaging was
performed using a convex probe [Philips Medical
Systems, Seattle, WA, United States] in both groups.
The "Covidien Devon Skin Marker with a Regular
Tip" was used for skin marking. A computer-
generated table of random numbers and the closed
envelope method were used for the randomization
of patients to these two groups.

ALGG: After positioning the patient, the upper
border of the iliac crest and the spinous processes
of the vertebrae were palpated and marked. The
location of the L4-L5 was estimated by extending
the mark on the upper border of the iliac crest
transversely to the vertebral column. One level
above or below the spinous processes was palpated,
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Figure 1. CONSORT flow diagram of the patients

and the most appropriate entry site, either L3-4 or
L4-5, was determined by the practitioner. These
points were marked straight over the transverse line
and then connected to each other by a vertical line
to determine the entry point. After ensuring sterile
conditions, spinal anesthesia was administered to
the patients. While maintaining the same position,
the level of the spinal needle entry site was checked
with the convex probe of the USG to determine the
distance between the intrathecal space and the skin
(Figure 1).

UAG: After positioning the patient, the convex
probe of the USG was placed transversely over the
sacrum and advanced to the cephalus, and the
location of the L4-5 was detected. The image was
moved to the center of the screen. The midpoint
of the top edge and side edge of the probe were
marked with a tissue pen. After determining the
distance between the intrathecal space and the
skin (ID), the upper mark was extended caudally,

and the lateral mark was extended straight toward
the vertebral column. The intersection point of the
two lines was considered the entry point. The image
was sharpened by tilting the probe. The entry angle
of the spinal needle was determined based on the
angle at which the image was the sharpest. After
sterile conditions were ensured, spinal anesthesia
was administered (Figure 2).

The patients in both groups were placed in the
surgical position, and the study was terminated
after the spinal block’s success was evaluated. USG
imaging and spinal blocking were performed by the
same person (A.l). A maximum of three attempts
at the same level and five attempts in total were
allowed. Spinal anesthesia procedures that could
not be performed after 5 attempts were recorded as
failed spinal anesthesia. In the case of blood tap by
the spinal needle, another interspinous interval was
used. In a failed block, a paramedian approach and
general anesthesia were applied before the surgery.
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Figure 2. Anatomical marking, USG marking and USG image

Spinal block application time (SAT), the number of
attempts, and the number of needle redirections
were recorded for each patient. SAT was defined as
the time lapsed between the entry of the needle
into the skin until the appearance of clear CSF. The
number of attempts was defined as the number of
times the needle entered the skin. The number of
needle redirections was defined as the number of
times the needle was directed cephalad caudally
or laterally under the skin without being removed.
Anatomical marking time (AMT) was recorded for
the ALGG, and ultrasound-assisted marking time
(UMT) was recorded for the UAG.

Sample Size and Statistical Analysis

The research was based on the comparison of
two independent groups, and an independent
samples t test was used in the background for
power analysis. With 80% power and a 5% type |
error rate, the minimum sample size was calculated
as 27 people per group and 54 people in total (5).

For statistical analysis of the findings obtained
in the study, we used the Statistical Package for
Social Sciences for Windows 24.0 program. Mean,
standard deviation, median, minimum—maximum
values, and interquartile range (IQR) were used to
present descriptive statistics.
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Pearson chi-square and Fisher's exact tests were
used to compare 2 x 2 cells. The conformity of the
variables to a normal distribution was analyzed by
histograms and the Shapiro-Wilk test.

Independent samples t tests were used
to evaluate normally distributed parametric
independent variables. One-way ANOVA was
used to analyze normally distributed independent
variables in more than two groups. The Mann-
Whitney U test was used to evaluate nonnormally
distributed nonparametric independent variables.
The Kruskal-Wallis analysis test was used to evaluate
nonnormally distributed independent variables in
more than two groups.

Therelationship betweenvariableswas evaluated
using the Pearson correlation test and Spearman
correlation test for normally distributed parametric
and nonnormally distributed nonparametric data,
respectively. The statistical significance level was
set at p < 0.05.

RESULTS

Of the 59 patients who were included in the study, 30
and 29 patients were added to the UAG and ALGG,
respectively. However, spinal anesthesia could not
be performed in one patient in each group. These
patients were recorded as having failed spinal
anesthesia (Figure 1).
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Table 1. Demographic Data

Female 9 30 11 37.9
*Sex 0.52
Male 21 70 18 62.1
Underweight 2 6.7 1 35
*BMI Group | Normal weight 1" 36.7 13 44.8 0.73
Overweight 17 56.6 15 51.7
n |Range Avg IQR n |Range Avg IQR p
**Age (year) 30 28.60 12 29 31.45 10 0.52
*BMI (kg/m?) 30 30.82 6 29 29.16 9 0.71
n Mean ss n Mean ss P
***D (cm) 30 5.17 0.57 29 5.17 0.62 0.37

*Chi Square Test **Mann-Whitney U Test, *** Independent-Samples T Test

UAG: Ultrasound-Assisted Group, ALGG: Anatomical Landmark-Guided Group BMI: Body Mass Index, ID: Intrathecal Distance, cm: centimeter,

kg: kilogram

The study sample included geriatric patients
with a mean age of 75.12 = 0.96 years. The mean
age of the patients in the UAG and in the ALGG was
74.6 + 7.41 and 75.6 = 7.52 years, respectively, with
no statistical significance (Table 1). The ASA classes
of the preoperative patients were | in 6.8% (n: 4), Il
in 42.4% (n: 25), and Il in 50.8% (n: 30). There was
no statistically significant difference between the
groups in terms of surgical operation or level and
position of spinal anesthesia (Table 2).

Assisted procedure time and total operative
time were significantly shorter in the ALGG than
in the UAG (p < 0.001 and p < 0.05, respectively);
however, spinal application times were significantly
shorter in the UAG than in the ALGG (p < 0.05).
The number of attempts and the number of needle

redirections were significantly lower in the UAG
than in the ALGG (p < 0.05; Table 3).

The success rates of the spinal block at the first
attempt were 93% (n = 28) and 69% (n = 20) in the
UAG and the ALGG, respectively. The probability of
success at the first attempt was also higher in the
UAG than in the ALGG (p < 0.05; Table 2). Although
the spinal block was effective, general anesthesia
was induced after 35 minutes in one patient in the
UAG due to patient noncompliance.

The correlation analysis of AMT data showed a
moderately significant positive correlation between
AMT and SAT (r = 0.381; p < 0.05) and a significant
positive correlation between AMT and total time
(r=0.608; p<0.001).
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Table 2. Characteristics of Blocks

Orthopedic Surgery 1 36.7 17 58.6
Type of surgery Urological Surgery 17 56.6 7 241 052
Other Surgical 5 6.7 5 173
Procedures
L34 0 0.0 4 6.8
Interspace level used for 0.052
CIEIRIE L4-5 30 100.0 25 93.2
Sitting 15 50.0 14 48.3
Patient Position 0.89
Lateral decubitus 15 50.0 15 51.7
Blood Tap By The Spinal Ne 2 %l 2 25 0.09
Needle Yes 1 33 5 172
No 27 90.0 27 91.5
Electric-Like Feeling 0.51
Yes 3 10.0 2 8.5
One 28 93.3 20 69.0
Number of attempts 0.0162
More than one 2 6.7 9 31.0

2 p<0.05

Table 3. Characteristics of the procedure

APT (sec) 30 42.82 11.70 29 16.74 9.45 <0.001
SAT (sec) 30 24.70 11.68 29 35.48 25.05 0.0162
Total Time (sec) 30 34.48 30.23 29 25.36 30.70 0.0412
Number of Attempts 30 26.33 0 29 33.79 1 0.0142
E‘:ﬁig;?eed'e 30 25.67 1 29 34.48 1 0.026

Mann-Whitney U Test
2p<0.05, f p<0.001

APT: Assisted procedure time, SAT: Spinal block application time, sec: Second
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The correlation analysis of UMT showed no
significant correlation between UMT and age, body
mass index (BMI), ID, SAT, number of attempts, and
number of guidance (p > 0.05), while a significant
positive correlation was found between UMT and
total time (r = 0.593; p = 0.001).

The correlation analysis of ID and demographic
characteristics of the patients revealed a moderately
significant negative correlation between age and ID
(r = 0.288; p < 0.05) and a moderately significant
positive correlation between ID and height (r =
0.270; p < 0.05), weight (r = 0.433, p < 0.001), and
BMI (r = 0.301; p < 0.05). There was no significant
difference in intrathecal distances between BMI
groups (p > 0.05).

After marking the spinal intervention site, the
predicted anatomical level was checked with USG
in ALGG (n = 29). The level was correctly predicted
in 22 patients (75.9%), and incorrectly predicted in
seven patients (24.1%).

No significant difference was found between the
groups in terms of blood tap by the spinal needle
and electric-like feeling during spinal anesthesia (p
> 0.05). The incidence of blood tap by the spinal
needle increased as the number of spinal anesthesia
attempts increased (p < 0.05). Electric-like feelings
increased as the number of attempts and number of
redirections increased (p < 0.05).

DISCUSSION

This study focuses on proposing a suitable method
for administering spinal anesthesia in geriatric
patients, which can otherwise be challenging owing
to their physiological and pathological conditions.
The mean age of the studied patients was 75.12
+ 0.96 years, which was higher than the age range
included in the previous studies that investigated
the use of preprocedural USG for spinal anesthesia
in geriatric patients. It was found that neuraxial
ultrasonography  improved spinal anesthesia
effectiveness in geriatric patients. It was observed

that using USG could decrease the procedure
time and number of attempts and redirections
required for spinal anesthesia and increase the total
procedure time with increased assisted procedure
time.

The number of geriatric patients seeking
health care services is increasing worldwide,
leading to anesthesiologists developing special
care techniques for elderly patients. Such
patients needing surgery require a higher level
of perioperative care due to the tendency of
multiple comorbid chronic diseases increasing the
risk of postoperative complications (7). The most
appropriate anesthetic technique for geriatric
patients is still controversial. Although spinal
anesthesia can reduce the risks of postoperative and
intraoperative complications, shorten the hospital
stay, and decrease the risk of in-hospital mortality,
there was no significant difference in postdischarge
and 30-day mortality when compared to those
associated with general anesthesia (7-9). However, a
shorter hospital stay and fewer complications have
made spinal anesthesia more cost effective than
general anesthesia (10).

Spinal anesthesia is the most commonly used
regional anesthesia technique, particularly in
orthopedic, urological, and obstetric anesthesia.
The increasing number of attempts and redirections
decreases patient satisfaction, and also increases
the likelihood of spinal anesthesia-related
complications such as low back pain, postspinal
headache, neurological damage, and spinal and
epidural hematoma (11, 12). Therefore, reducing
the number of attempts during spinal anesthesia
will be beneficial in preventing complications and
increasing patient satisfaction.

Different approaches for administering spinal
anesthesia in geriatric patients have always
interested anesthesiologists due to the growing
elderly population and the challenges faced
by patients. Different approaches have been
introduced to overcome this challenge. Rabinowitz

85



Turkish Journal of

GERIATRICS  2023; 26(1):79-90

et al. reported that the paramedian approach was
more successful than the median approach in
continuous anesthesia in geriatric patients (13). Park
et al. showed that neuraxial ultrasonography in the
paramedian approach improved spinal anesthesia
performance in elderly patients (14).

With advances in ultrasound technology and the
widespread use of USG in anesthesia applications,
the use of USG for neuraxial blocks has become
popular among anesthesiologists. In this study, we
compared the effectiveness of preprocedural USG
examination of neuraxial anatomy and the classic
anatomical marking method on the success of
spinal anesthesia in geriatric patients scheduled for
spinal anesthesia. Failure to reach the subarachnoid
space within the recommended number of
attempts and needle redirections was defined as
failed spinal anesthesia. Spinal anesthesia could not
be performed in one patient in the ALGG and in
the UAG, and general anesthesia was initiated for
these patients. There was no significant difference
between the groups in terms of the incidence of
failed spinal anesthesia.

In a meta-analysis, Jiang et al. evaluated the
first-attempt success of preprocedural neuraxial
ultrasonography in obstetric patients. It was
reported that ultrasonography improved the first-
attempt success rate only in patients who were
difficult to palpate (15). As palpation is difficult due
to the anatomy of geriatric patients, the first-attempt
success rate of spinal anesthesia was significantly
higher with USG, which was similar to the observed
success rate with UAG in this study.

The preferred intervertebral spaces for spinal
anesthesia are L4-5, L3-4, and L5-S1. Although
the medulla spinalis usually ends at L1-2, Soleiman
et al. showed that the medulla spinalis can extend
to the L3 vertebra and is usually at a lower level
in elderly patients (16). The level determined by
anatomical landmarks may differ from the predicted
level. In a study by Broadbent et al. that evaluated
the ability of anesthesiologists to estimate the
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lumbar interval with magnetic resonance, the
correct estimation was made in only 29% of cases.
In 51% of cases, the marked range was one level
above the correct range (17). Furness et al. showed
that the use of USG and palpation in determining
the intervertebral level provided 71% and 27%
accuracy, respectively (18). Inadequate anatomical
landmarks and the medulla spinalis terminating at
a more caudal level with increasing age may lead
to complications during intrathecal injections. In
the present study, intrathecal injections were made
outside the predicted range with ultrasonography
in 24.1% of spinal anesthesia procedures that
were performed with the guidance of anatomical
landmarks. This relatively low rate may be related
to the experience and expertise of our surgeons
who administer spinal anesthesia. Although studies
have shown that ultrasonography is more successful
in detecting the correct range than anatomical
landmarks, it should be noted that ultrasonography
is not completely reliable. This suggests that USG-
assisted spinal anesthesia may prevent possible
complications by identifying a safe intervertebral
space.

In studies wherein the vertebral axis was
examined from the longitudinal and transverse
axes, the mean time required to identify the
vertebral axis with USG was 95 seconds in patients
with abnormal spinal anatomy and 117 seconds in
elderly patients in whom the paramedian approach
was used (14,19). In the present study, only the
transverse axis was evaluated in a mean time of 42
seconds. The first-attempt dural puncture success
rate is similar to that in previous studies, and the
total procedure time is shorter, suggesting that the
use of USG in clinical practice for spinal anesthesia
will gain prominence.

The effect of USG guidance in spinal anesthesia
on the success of first-attempt punctures and the
number of attempts and needle redirections is
still controversial. In the study by Lim et al. that
evaluated the use of USG before spinal anesthesia



EVALUATING THE ROLE OF VERTEBRAL ANATOMY EXAMINATION BY ULTRASONOGRAPHY

BEFORE ADMINISTERING SPINAL ANESTHESIA IN GERIATRIC PATIENTS:

A PROSPECTIVE RANDOMIZED TRIAL

procedures in the general population, USG did
not significantly reduce the number of successful
first-attempt punctures or the number of attempts
and needle redirections (20). While Marvan et al.
(21) obtained similar results, Srinivasan et al. (22)
compared the classic anatomical landmark method
with the paramedian approach from L5-S1 and
the USG-assisted method and showed that USG
did not reduce the number of attempts or needle
redirections for successful puncture; however, the
first-attempt success rate was higher in the USG-
assisted method. Contrary to these results, the
success rate of USG at the first attempt in elderly
patients and in patients with lumbar scoliosis and a
history of previous lumbar surgery was higher and
the number of attempts and redirections was lower
(19,23). This discrepancy among various studies
may be due to differences in the patient groups
that were studied and the practitioner's experience
in the use of USG. Therefore, patients aged > 65
years for whom such procedures were challenging
in terms of positioning and physiopathological
changes were selected in the present study. In the
UAG, the rate of successful spinal anesthesia on the
first attempt was higher than that in the ALGG, and
the number of attempts and needle redirections
was significantly lower.

In this study, the marking time for spinal
anesthesia was significantly shorter in the ALGG
than in the UAG. However, spinal anesthesia was
performed in a significantly shorter time in the UAG.
Although the longer marking time was partially
compensated by a shorter duration of spinal
anesthesia in the UAG, the total procedure time was
significantly shorter in the ALGG than in the UAG.
In a study by Chin et al. conducted on adults with
a BMI>35 kg/m? and difficult anatomical landmarks
such as poor spinous process palpation, moderate
to severe lumbar scoliosis, or with a history of
lumber spinal surgery, marking time and total time
were longer in the USG, but spinal anesthesia
was performed in a shorter time (24). Park et al.

compared anatomical landmarks and USG-assisted
paramedian spinal anesthesia in geriatric patients
and found that while the marking and total times
were longer, the time taken for spinal anesthesia
was shorter in the USG-assisted method, which
was similar to the result obtained in this study. In
contrast, a previous study demonstrated that adults
with an abnormal spinal anatomy exhibited similar
total procedure times in both groups. Although
administering spinal anesthesia can be complicated
in older patients, lateral curvatures and rotational
changes in the spine of patients with scoliosis and
unclear or even absent anatomical landmarks in
patients with a history of lumbar spinal surgery can
make this procedure more complicated and require
more time (14, 19).

In our study, it was observed that the duration
of spinal analgesia and the number of attempts
increased in the geriatric patients in the ALGG,
whose anatomical marking time was prolonged.
There was a moderate positive correlation among
the anatomical marking time, the duration of spinal
application, and the number of attempts. The
importance of the quality of anatomical landmarks
for the success of spinal anesthesia was previously
emphasized by Filho et al. (6). Therefore, more
effort and time were required for spinal anesthesia
in patients with palpation difficulty, which was
an expected result. In the UAG, no significant
correlation was found among the marking time,
time taken for spinal anesthesia, and number of
attempts. Therefore, the results suggest that USG
reduces the time taken and number of attempts for
spinal anesthesia, especially in patients in whom
anatomical landmarks are difficult to identify.

The use of USG during spinal anesthesia can
guide the practitioner by showing the distance of
the intrathecal space. Sahin et al. compared USG
and classic anatomical landmark methods in obese
and nonobese pregnant women and found that
the intrathecal distance was significantly larger in
the obese group than in the nonobese pregnant
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women (25). In this study, no significant difference
was found in the BMI groups in terms of intrathecal
distance, but there was a moderate positive
correlation between BMI and intrathecal space.
The lack of a significant difference between BMI
groups may be attributed to the lower average BMI
values in this study than those included in the study
by Sahin et al. Nevertheless, there was a moderate
negative correlation between age and intrathecal
space. The intrathecal space is closer to the skin
in geriatric patients, suggesting that reviewing the
needle entry site and direction before increasing the
needle depth during unsuccessful spinal anesthesia
attempts can prevent possible trauma.

In their study comparing the USG-assisted
method with the anatomical landmark-guided
paramedian method, Park et al. found no significant
difference between the groups in terms of electric-
like feeling, paresthesia, and blood tap by the spinal
needle (14). Similarly, no significant difference was
found between the groups with respect to electric-
like feeling and blood tap by the spinal needle.
However, in this study, the likelihood of developing
radicular pain increased as the number of attempts
and redirections increased, and encountering
blood tap by the spinal needle increased as the
number of attempts increased. Complications of
spinal anesthesia are rare, and the sample size of
the present study was insufficient to evaluate the
rate of complications between the groups, which
explains the lack of a significant difference between
the groups. It is theoretically correct that USG can
reduce the number of attempts and redirections,
resulting in fewer complications of spinal anesthesia,
such as low back pain, postspinal headache, neural
damage, and spinal and epidural hematoma, which
are risk factors for multiple interventions. However,
further studies with large patient populations are
needed to validate this.

There are a few limitations of this study. Due to
the nature of the study, patients who were examined
by USG imaging and administered spinal anesthesia
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could not be blinded. For practicality, the intrathecal
distance was only transversely maintained with a
convex USG probe. Longitudinal, paramedian or
simultaneous spinal anesthesia was not preferred. In
the UAG, the angle of probe insertion into the skin
during imaging was based on the anesthesiologist’s
memory and not on measurements.

In conclusion, our results show that neuraxial
USG facilitates spinal anesthesia application in
elderly patients. Compared with preprocedural
anatomical landmarks, USG has a high first-attempt
success rate and requires fewer attempts and needle
redirections. The reduced number of attempts
and needle redirections is expected to lead to a
reduction in the complications of this procedure.
Randomized controlled trials with larger patient
groups are required to validate these results.
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