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Objective: The purpose of this study is to compare the actual needle depth measured during cervical epidural block (CEB) with the
predicted needle depth measured through a cervical flexion x-ray image at the paramedian approach.

Methods: The study was conducted based on the medical records of patients who underwent CEB at the pain clinic of Hacundae Paik
Hospital. The actual needle distance (AD) was recorded after each successful CEB. The distance from the spinolaminar line to the
skin, predicted median depth (PMD), was measured using lateral x-ray images. The medial to lateral distance (MLD), which is the
distance from the midline of the spine to the needle insertion point, was measured using anteroposterior (AP) x-rays. The predicted
paramedian depth (PPD) was calculated using the Pythagorean formula. The PMD represents the expected depth of the median
approach, while the PPD represents the expected depth of the paramedian approach. The PMD, PPD, and AD were compared with
each other.

Results: Concordance correlation coefficient (CCC) and Bland-Altman analysis were obtained for PMD and PPD. The CCC value of
PMD was measured as 0.829, and the CCC value of PPD was measured as 0.830. In the Bland-Altman analysis, PPD was measured at
—0.13 + 8.37 mm, and PMD was measured at 1.29 + 8.38 mm.

Conclusion: When performing CEB through the paramedian approach, the depth can be predicted using a cervical flexion x-ray. At
this time, the PMD can also be used to predict the depth during the paramedian approach.

Keywords: cervical epidural block, paramedian approach, median approach, prediction, cervical flexion x-ray

Introduction

The cervical epidural block (CEB) is performed for pain control in cervical disc disease, cervical stenosis, headache,
facial pain, postherpetic neuralgia, and complex regional pain syndrome.' CEB requires an experienced operator to
gently access the epidural space to accurately identify the epidural space.”? CEB is more challenging than other epidural
block for several reasons. The epidural space is widest at lumbar level, and narrowest at cervical level. The anatomy of
the cervical vertebra has shortest inter-laminar distance. The angle of spinous process is more acute than at the lumbar
level. The cervical spinal cord is the largest and closest to the brain.>> For these reasons, complications such as
intrathecal drug injection, spinal cord puncture, epidural abscess, epidural hematoma, and arachnoiditis can occur more
frequently with CEBs.*”

Most anesthesiologists adopt the loss of resistance (LOR) technique.'® Using this technique, the sensation of
penetrating the ligamentum flavum (LF) is an important marker of the needle tip location. However, anatomical
variations, such as LF midline gaps and false LOR, make it more difficult to use this technique.'' '

In the past, blind CEB only relying on the LOR technique was commonly performed in clinical practice.” However, in
order to prevent complications and increase patient safety, fluoroscopic-guided CEB is now recommended.'”'® Since
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fluoroscopic-guided CEB can confirm the direction of the needle, both midline and paramedian approach are possible.
Nevertheless, fluoroscopic-guided CEB is not perfect, as the shoulder bone can block the image at the C7/T1 level.*°

Therefore, to overcome the limitations of the LOR technique and fluoroscopic-guided CEB, predicting the correct
depth of the epidural space from the skin before the procedure can increase the success rate of the procedure and reduce
the incidence of complications.

Most studies analyzing the depth from the skin to the cervical epidural space have been based on the midline
approach, and studies based on the paramedian approach are hard to find. In this retrospective study, the actual needle
distance (AD) was measured using a paramedian approach, and the predicted distance using cervical flexion x-ray images
was comparatively analyzed.

Materials and Methods

All work was conducted according to a protocol approved by the Institutional Review Board of Inje University Haecundae
Paik Hospital (IUHPH). This study was conducted retrospectively by searching our electronic medical records (EMR) for
CEB procedures performed in our pain clinic between January 1, 2019 and July 30, 2022. Patient informed consent was
not required as this study was conducted retrospectively using EMR data only, and patient identifiers such as individual
names and patient numbers are not included in this study. We included all patients who underwent CEB at the C7-T1
level, had a final needle tip located at midline section, had an actual needle depth recorded, had cervical flexion anterior-
posterior (AP) and lateral x-ray images, and had complete demographic data, including age, sex, weight, and height.
Patients were excluded if they did not have a cervical x-ray image, had a poor-quality x-ray image, did not have an actual
depth recorded, underwent CEB using a median approach, had a final needle tip outside of midline section, experienced
CEB failure, or had the procedure performed below C7-T1 or above C7-T1. The success of each patient’s CEB was
confirmed by both C-arm fluoroscopic imaging and symptom relief. This study aimed to place the final needle tip at the
midline of the epidural space. To address the challenge of precise midline placement, we divided the vertebral body into
five equal sections. Cases were included if the final needle tip fell within the midpoint section and excluded if it was
outside of this range.

We reviewed 151 patients who had undergone 206 CEBs. Among the 206 CEBs, 20 had failed, 6 had no demographic
data, 3 had CEBs not performed by the paramedian approach, 16 had a needle tip located outside of midline section, 59
had no cervical flexion x-ray image or had bad quality images, and 7 had CEBs performed above or below C7-T1
(Figure 1). A total of 95 CEB cases met the inclusion criteria.

The C-arm guided cervical epidural block with a paramedian approach at C7/T1 was performed by a skilled pain
expert as follows: First, a prone positioning system (Oakworks medical) was installed on the operating table, and then the
patient was placed in a prone position (Figure 2). The neck and upper back were disinfected and prepared. The puncture
site was confirmed as the T1 left lower angle point with the C-arm, and local anaesthesia was infiltrated with 3 mL of
0.2% ropivacaine. A 20G Tuohy needle was then inserted, and under C-arm guidance, the epidural space at the C7/T1
level was approached with a paramedian approach. After confirming the loss of resistance, 3—5 mL of Omnipaque was
injected, and the spread of the contrast medium into the epidural space was confirmed by C-arm AP and lateral views
(Figure 3)."*? No vascular uptake was also checked. Then, 4mL of 0.1% ropivacaine + 5mg of dexamethasone were
injected into the cervical epidural space. After the successful procedure, the needle was marked with an oil pen, pulled
out of the skin, and the length of the needle was measured using a ruler and recorded in the EMR. The length of the
needle measured by ruler is named actual distance (AD) (Figure 4).

The distance from the skin to the epidural space at the paramedian approach is determined by measuring cervical
flexion AP and lateral x-ray images. When performing a paramedian approach CEB, the needle insertion point is
typically near the lower margin angle of the T1 vertebrae (see Figure 5). The distance from the midline to the lateral
aspect of the vertebral body is measured using a picture archiving and communication system (PACS) on a cervical
flexion AP x-ray image (see Figure 6A). This distance is referred to as the midline to lateral distance (MLD). The
distance from the epidural space to the skin midline is measured using a cervical flexion lateral x-ray image on PACS.
This distance is called the predicted midline depth (PMD). PMD is measured from the midpoint of the spinolaminar line
of C7-T1 to a skin point where the line along the lower margin of the T1 vertebra meets (see Figure 6B). Measurements
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Figure | Patient selection flow diagram.
Abbreviation: CEB, cervical epidural block.

Figure 2 Prone positioning equipment (spine positioning system Il, Oakworks Medical Co., USA).
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Figure 3 Antero-posterior view (A) and oblique view (B) of C-arm fluoroscopic image of confirmation of needle tip. Note radiopaque area dispersing widely following
epidural anatomy.

are taken to the nearest millimeter. PMD and MLD are nearly vertical to each other, so the Pythagorean formula can be
used to calculate the predicted paramedian depth (PPD) (see Figure 7).
PPD would be:

PPD =+ PMD*4+MLD?

Statistical Analysis
Lin’s concordance correlation coefficient analysis (CCC) and Bland-Altman analysis were used to analyze PMD and

PPD. The analyses were performed using the epiR package in R version 4.2.1.
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Figure 4 20G Tuohy needle (EH20080D, UNISIS Co., Japan) and ruler measurements (APL-SMP-001, All Pro Co., China).

Figure 5 Needle insertion point is directed with tip of curved forcep at the lower left angle of T| vertebrae.

Results
A total of 95 cases of CEBs met the inclusion criteria. Demographic data are summarized in Table 1. A total of 54 cases

were male, and 41 cases were female. The average age was 55.15+£10.84 years, average height was 164.72+8.08 cm,
average weight was 65.35+12.18 kg, and average BMI was 23.99+3.68 kg/m*. The actual depth (AD) average was 61.17
+7.01 mm, range from 45.00 to 80.00 mm.

Journal of Pain Research 2023:16 hetps: 2083

Dove:


https://www.dovepress.com
https://www.dovepress.com

Choi et al Dove

Figure 6 (A) AP image of cervical x-ray; MLD is measured from midline of cervical vertebra to lateral border of vertebral body. (B) Lateral image of cervical x-ray; dashed
line represents line along the lower margin of T1 vertebra. Solid line is spinolaminar line. Dash-dotted line represents PMD. PMD is measured from skin where dashed line
meets to spinolaminar line at middle of between C7 and T spinous process.

Abbreviations: MLD, medial to lateral distance; PMD, predicted median depth.

Dura mater

Epidural Space

Ligamentum flavum

PPD

MLD —/ \
Skin
Needle

Figure 7 A schematic drawing of the cervical epidural block.
Abbreviations: PMD, predicted median depth; PPD, predicted paramedian depth; MLD, medial to lateral distance.
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Table | Demographic Data of Patient

Mean 95% SD Range
Gender (M/F) 54/41
Age (Year) 55.15 10.84 26-78
Height (cm) 164.72 8.08 152.0-182.2
Weight (kg) 65.35 12.18 44-97.50
BMI (kg/m?) 23.99 3.68 17.63-34.77
AD (mm) 61.17 7.01 45.00-80.00

Abbreviations: SD, standard deviation; BMI, body mass index; AD, actual
distance.

Table 2 Correlation Between Predicted Depth and Actual Depth

Variable Mean SD Range CCC Precision 95%L 95%U Accuracy
PMD (mm) 60.67 7.67 45.85-80.03 0.829 0.834 0.755 0.882 0.993
PPD (mm) 61.30 7.64 46.49-80.64 0.830 0.834 0.757 0.883 0.996
MLD (mm) 8.69 1.04 5.56-11.14 0.001 0.005 0.000%* 0.002 0.005

Note: ¥0.0002.
Abbreviations: PMD, predicted midline distance; PPD, predicted paramedian distance; MLD, midline to lateral distance.

CCC, precision, and accuracy values of PMD and PPD are described in Table 2. PMD’s CCC, precision, and accuracy
values are 0.829, 0.834, and 0.993, respectively. PPD’s CCC, precision, and accuracy values are 0.830, 0.834, and 0.996,
respectively.

Maximum difference of AD and PMD was 8.74 mm. Maximum difference of AD and PPD was 7.95 mm. At Bland-
Altman precision analysis, PMD mean difference was measured 0.50 + 8.38 mm and PPD mean difference was measured
—0.13 + 8.37 mm, respectively (Figure 8A and B).

Discussion

Analysis of Result
Our study’s results showed that the CCC value of both PMD and PPD was similar and above 0.8. This indicates that we
can use both PMD and PPD to predict AD.**** We had expected PPD to have better predictive power for AD, but there
seems to be no significant difference between PMD and PPD. Even though PMD is based on a median approach and PPD
is based on a paramedian approach, MLD did not have a significant enough effect to make a difference. The power of
MLD affecting PMD can be calculated as follows.

PPD and PMD difference would be:

PPD — PMD =V PMD?*+MLD?—PMD

MLD had a mean value of 8.69 + 1.04 mm, with a range from 5.56 to 11.14 mm (Table 2). Figure 9 shows how MLD can
affect PMD values based on changes in MLD value. As shown in Figure 9, the power of MLD affecting PMD is not significant.
Even with the largest MLD value of 11.14 mm and the lowest PMD value of 45.85 mm, MLD only affects PMD value by
1.33 mm. Moreover, since MLD tends to get bigger when PMD increases, the effect of MLD would be much smaller. In our
study, the difference value between PPD and PMD was 0.63 + 0.14 mm, ranging from 0.24 to 1.14 mm. As described in the
Bland-Altman analysis, the difference value between PMD and AD was 0.50 & 4.28 mm. Thus, MLD could not affect PMD
significantly enough.

Although the Bland-Altman analysis showed a slightly lower mean difference for PPD, this does not necessarily mean
that one method is superior to the other. The Bland-Altman precision analysis of PPD and PMD showed mean differences
of —0.13 + 4.27 mm and 0.50 £+ 4.28 mm, respectively. These results can provide insight into the prediction of AD.
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Figure 8 (A) Bland-Altman precision analysis of the measured differences between AD and PMD. (B) Bland-Altman precision analysis of the measured differences
between AD and PPD.
Abbreviations: PMD, predicted median depth; PPD, predicted paramedian depth; AD, actual distance.
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Figure 9 PPD and PMD difference change by PMD. Each line is drawn based on a different MLD. Dotted line is drawn based on maximum MLD value. Dashed line is drawn
based on positive 95% standard deviation (SD) MLD value. Dash-dotted line is drawn based on negative 95% SD MLD value. Long-dashed line is drawn based on minimum
MLD value.

Abbreviations: PPD, predicted paramedian depth; PMD, predicted median depth; MLD, medial to lateral distance.

As mentioned earlier, MLD only has a slight effect on PMD. Therefore, we could use PMD as a paramedian approach
to predict AD.

Limitation of Blind Technique; False LOR and Midline Gap

The blind technique has limitations due to false LOR, which refers feeling LOR above LF, and Midline Gap,
a discontinuity of the ligamentum flavum in the midline. False LOR occurs when the needle is felt in the supraspinous
and interspinous ligaments instead of passing through the ligamentum flavum. This happens because the ligamentum
flavum is mainly composed of elastic fibers, while the supraspinous and interspinous ligaments are collagen-based and
can create spaces between the fibers.'*** The occurrence rate of false LOR ranges from 30% to 70% according to
studies.'*?*?” Midline gaps in the ligamentum flavum, particularly in the cervical and thoracic levels, make it challen-
ging to rely solely on the LOR technique for identifying the epidural space.'""'? Predicting the depth of the epidural space
before the procedure using imaging could reduce complications and improve success rates. However, many centers still
do not use image information before and during procedures.'’

Paramedian Approach vs Median Approach

According to current knowledge, there is no significant difference in clinical outcomes between the median approach
and the paramedian approach.”® There are pros and cons to both the median and the paramedian approach. The
epidural space has the characteristic of being widest in the center and narrowing laterally.®> With this characteristic, the
space of the epidural space becomes narrower at the paramedian approach than when entering the center, making dura
puncture more likely. During the midline approach, false LOR may occur more frequently due to the LF midline
gap.'""'? According to the study done by Joo et al,”’ abrupt pressure change was more common in the median approach
compared to the paramedian approach (51.5% vs 17.6%). The choice of approach should be based on the specific
clinical situation.

Comparing with Other Studies; Significance of Our Study

Various methods have been used to predict the depth from the skin to the epidural space, including demographic data
and imaging modalities such as MRI, CT, Ultrasound, and x—rays.n’mf35 However, most studies focus on the median
approach rather than the paramedian approach. Ultrasound has limitations due to LF discontinuity and difficulties in
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obese patients.*®*” MRI and CT imaging have limitations in terms of cost and differences in positioning compared
to the actual procedure.’® Our study demonstrates that x-rays can easily predict paramedian depth, which is
clinically available and economical. Previous studies have shown higher CCC values using ultrasonography and
x-ray lateral images due to their prospective study designs.>*** The study by Pak et al'® showed similar results to
our study.

Study Limitations

Our retrospective study has some limitations, including a small sample size, variations in the needle entry point and
angle, and differences in posture during the x-ray flexion image and block performance. In addition, measurement errors
could have occurred due to the thickness of the marking pen, repeated LOR, and swelling of the skin caused by local
anaesthesia. However, we minimized these errors by having the same person perform every CEB procedure using the
same method. We also blinded the personnel who performed the depth prediction to the AD measurements to prevent
measurement bias.

Additional Research

As an additional future research project, it would be possible to conduct a study comparing the significance of depth
prediction in clinical outcome. The contralateral oblique (CLO) view during C-arm fluoroscopic-guided block has gained
popularity recently, making it worth considering using this method for the study.>® Furthermore, conducting the study
using a prospective design is also feasible.

Conclusion

In conclusion, when performing CEBs, it would be helpful for the practitioner to predict the depth of cervical epidural
space to skin using cervical flexion x-ray image before the procedures. Both PMD and PPD can be used, and the depth
predicted by the PMD can also be used for the paramedian approach.

Ethics and Consent

This study was conducted as a retrospective study and was exempt from obtaining individual patient consent as it was
conducted without any patient identification and based on EMR data. This study has been approved by the Institutional
Review Board of Inje University Hacundae Paik Hospital. This study is in compliance with the Declaration of Helsinki.

Disclosure
The authors report no conflicts of interest in this work.
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