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KEY POINTS

• Optimising the patient’s position is essential.
• Approaches can be midline or paramedian. The latter approach is favoured for thoracic epidurals and in patients who

are unable to flex their spines or those with significant spinal calcification or deformity.
• Air or saline with continuous or intermittent pressure is applied to the loss of resistance syringe. Current evidence sug-

gests no difference in the success, efficacy or complication rates between the different techniques.
• Dural puncture epidurals may safely improve detection of the epidural space.
• Some commonly encountered difficulties may be troubleshooted, whilst others require a new attempt.

INTRODUCTION

This tutorial covers the techniques to gain access to the epidural space. Previous tutorials discuss the general principles and

rationale for epidural analgesia in paediatrics (Tutorial 334) and labour analgesia (Tutorial 365). The use of ultrasound for neu-

raxial anaesthesia is covered in Tutorial 349. Complications of epidurals, including dural puncture with an epidural needle, are

beyond the scope of this tutorial.

Epidurals can be inserted using the midline or paramedian approach. The epidural space is identified by loss of resistance (LOR). This

phenomenon is the decrease in resistance felt whilst injecting saline or air as the needle passes from the ligamentum flavum to the

potential epidural space. The operator detects the change from high resistance when trying to inject saline or air into the ligamentum

flavum compared with the low resistance when injecting into the potential epidural space. In an Obstetric Anaesthetists’ Association

(OAA) survey, the preferred technique is the loss of resistance to saline (LORS) with continuous pressure (58%) followed by the loss of

resistance to air (LORA) with intermittent pressure (21%).1 Hand positioning requires adjustments based on the technique choice.

The dural puncture epidural (DPE) technique continues to be an affirming technique for labour epidural placement. The dura is

intentionally punctured with a spinal needle to deduce a midline placement of an epidural catheter. The confirmation of the

intrathecal space with the visualisation of cerebral spinal fluid (CSF) reduces the ambiguity of the indeterminate LOR that can

occur due to individual anatomic differences. Studies of DPE show increased efficacy of labour epidural analgesia.

Whichever method is used, there are common pitfalls that may be encountered. Some of these can be safely troubleshooted,

whilst others require removal of the epidural needle and further needling.

An online test is available for self-directed continuous medical education (CME). It is estimated to take 1 hour

to complete. Please record time spent and report this to your accrediting body if you wish to claim CME

points. A certificate will be awarded upon passing the test. Please refer to the accreditation policy here.

TAKE ONLINE TEST
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GENERAL PRINCIPLES

Procedure Outline

• Obtain consent, intravenous access and apply patient monitoring.
• Position the patient in the lateral decubitus or sitting position and identify landmarks.
• Prepare a sterile field, equipment and medication.
• Infiltrate the subcutaneous layer and along the projected needle trajectory with local anaesthetic.
• Insert a Tuohy epidural needle with stylet to 2 to 3 cm, until the needle is gripped by the surrounding connective tissue (the

supraspinous ligament).
• Remove the stylet and attach a LOR syringe containing air or saline.
• Enter the epidural space on detection of LOR.
• Measure the depth at LOR.
• Remove the LOR syringe.
• In DPE, pass a spinal needle up to 3 mm beyond the epidural needle tip to obtain back flow of CSF. Then withdraw the spinal

needle.
• Thread the epidural catheter to the depth of LOR plus an additional 4 to 5 cm.2

• Look for the falling meniscus sign (an air-fluid level within the catheter) if using a nonopaque catheter kit.
• Keeping sterile, secure the epidural catheter.
• Aspirate the catheter with a syringe to check for blood or CSF.
• Administer a test dose.
• Observe for signs of incorrect catheter placement (eg, rapid motor block [intrathecal] or neurologic or cardiovascular

changes [intravenous]).
• Administer the main epidural infusion if no adverse signs are seen.
• Give ongoing maintenance doses and monitor.

Anatomical Landmarks

• For lumbar epidurals, the intercristal line is a horizontal line drawn across the highest points of both iliac crests and corre-

sponds to the L4/5 space.
• For thoracic epidurals, the C7 prominence is most cranial, the spine of the scapula is at T3 and the inferior tip of the scapula

is at T7.

Patient Positioning

• The sitting position is often favoured because the midline axis is more easily identified. It is important to avoid lumbar rotation

as this may change the angle from the surface landmarks to the epidural space. The patient should be on a level surface

with their shoulders and hips squarely aligned with one another. Feet should be balanced with the knees slightly above the

hips to accentuate hip and lumbar flexion.
• The midline is usually identified by feeling for the spinous processes. The thoracic spinous processes may be more palpable,

and running a finger along the spinous processes from this region may be easier.
• Ultrasound (Tutorial 349)3 is shown to help locate the spinous processes, depth of space and angulation of needle insertion

required.4 Evidence also supports increased first-pass localisation and reduced time to successful placement.
• While the lateral position may be more comfortable, it is more difficult to ensure the spine is not rotated or flexed laterally.

Special Considerations for Parturients

• The lumbar lordosis is accentuated due to the centre of gravity being displaced forward by the gravid uterus.
• The intercristal line is often higher at L3/4 due to the forward rotation of the pelvis.5 A lower (L4/5) epidural provides better

analgesia for perineal pain but may require more boluses early in labour.6 However, there is an association with higher rates

of instrumental delivery when lower epidurals are sited.7

• Advancement of the needle may be challenging to time with the patient’s contraction pattern.
• Occasionally, the parturient may not be able to maintain the position long enough for an epidural to be inserted safely. A low-

dose spinal, which is technically easier and has lower associated risks, may be used to provide some analgesia to allow bet-

ter positioning for epidural placement. The approach can be midline or paramedian.
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MIDLINE VERSUS PARAMEDIAN APPROACH

The midline approach is often favoured for initial epidural insertion. When the insertion point and needle tip point are midline

and within the interspinous space, the only variable that can be altered is the degree of cephalad and caudal angulation.

The paramedian approach has more considerations. Lateral to medial angulation and lateral distance of needle insertion to

midline require a better grasp of the spinal anatomy (Figure 1). In addition, the paramedian route can appear much deeper due

to the indirect approach and may need a longer needle.

There are some circumstances in which the paramedian approach may be advantageous:

• In thoracic epidurals, the spinous processes are steeply angled
• In patients who are unable to flex the spine
• In those with significant spinal calcification or deformity (but any type of epidural may not be safe or practicable in those who

have hardware from spinal fusion for scoliosis correction)

A comparison of the approaches is listed in Table.

Figure 1. Axial view demonstrating the insertion point and tissue layers crossed in paramedian and spinal epidurals.

Midline Paramedian

Insertion point Between the spinous processes, angled slightly

cephalad depending on spinal level to compen-

sate for the angle of the spinous processes

1 cm lateral and caudal to the inferior border of the

spinous process; angle 10-258 toward the midline

Layers to

epidural space

Skin

Subcutaneous tissue

Supraspinous ligament

Interspinous ligament

Ligamentum flavum

Skin

Subcutaneous tissue

Paraspinous tissue

Ligamentum flavum

Feel The interspinous ligament is thick and can there-

fore anchor the needle. A ‘gritty’ or ‘crunch’ sen-

sation may be appreciated through the epidural

needle as it advances through the ligament.

The ligamentum flavum has more resistance with

needle advancement.

Greater advancement of the epidural needle

through the subcutaneous tissue is required

before resistance is felt in the ligamentum flavum.

Bone is often encountered (usually the lamina later-

ally, occasionally the spinous process medially),

signalling that the needle needs to be reangled/

‘walked off’ into the interlaminar space.

Table. Comparison of Midline and Paramedian Approaches for Neuraxial Blockade
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LORA VERSUS LORS

It has been speculated that there is an increased failure rate with LORS, due to saline being misidentified as CSF. There is

also a suggestion that that both high-volume injections and LORA are associated with headache, back pain, paraesthesia and

unilateral block or missed segments.8

More conclusively, a meta-analysis in 2011 showed that LORA resulted in increased unblocked segments with no difference

for catheter replacement or additional interventions.9 Presumably, the introduced air in the epidural space initially acts as an

airlock, preventing the contact of local anaesthetics with the nerve roots in the missed segments. However, the air may be

absorbed over time, meaning that the overall analgesic effect is adequate. More recently, a randomised, controlled study10

conducted in 2018 including 400 parturients showed no difference in pain scores or block efficacy at 30 minutes in LORA ver-

sus LORS.

Ultimately, there is insufficient evidence to say that either LORS or LORA is a superior technique for epidural insertion in terms

of success, efficacy or complication. Instead, familiarity with the chosen technique is more important for navigating to the epi-

dural space or troubleshooting placement.

CONTINUOUS OR INTERMITTENT PRESSURE ON THE LOR SYRINGE

With continuous pressure, saline is hypothesised to push the dura away from the epidural space. The technique relies on the

constant application of pressure to the end of the plunger of the LOR syringe as the needle is being advanced toward the epi-

dural space. When entering the low-pressure epidural space, all forward advancement of the plunger into the syringe occurs in

the desired epidural space without forward advancement of the needle.

No studies have directly compared the application of continuous versus intermittent pressure techniques. Some argue that the

continuous technique is safer because the nonadvancing hand can brace the wings of the epidural needle away against the

patient’s back, preventing the needle from being advanced too rapidly.11 The intermittent technique may result in less control

of the needle because the hand position changes frequently. It also heavily relies on the operator’s memory of resistance

between advancements. However, proponents of the intermittent technique believe that they can detect more subtle changes

in LOR and make finer adjustments with 2 hands holding the wings of the epidural needle.

As shown by an OAA survey,1 certain combinations are favoured: LORS with continuous pressure and LORA with inter-

mittent pressure. In a small survey of trainees,12 there was no difference in the dural puncture rate between these 2

techniques.

HAND POSITION

When using continuous pressure with saline, there are many variations in hand position (Figure 2a-h). The goal is to optimise

the ability to detect LOR as soon as the needle enters the epidural space. For intermittent pressure, both hands can advance

the needle (Figure 2i). One hand checks the change in resistance in one of the ways described above, whilst the other main-

tains the needle position.

DURAL PUNCTURE EPIDURAL

The DPE technique is one beneficial approach to the lumbar epidural because it is below the termination of the spinal cord at

the conus medullaris (usually at L1 in adults). It is almost identical to the combined spinal and epidural, except that no drugs

are directly administered to the intrathecal space. When preparing for a DPE, the spinal needle must be longer than an epidu-

ral needle and be able to fit inside it. Once LOR is detected, a spinal needle is passed through the epidural needle. If CSF flows

back when the spinal needle tip is sufficiently beyond the tip of the epidural needle, the epidural space is confirmed. The spinal

needle can then be removed, and the epidural catheter may be threaded.

DPEs are useful in patients in whom landmarks are difficult to identify or with indeterminate LOR (when the plunger of the

LOR syringe can be gradually depressed, causing slow injection of air or saline). Subjectively, the pressure change may be

subtle, compared with the usual loss of resistant felt. This may be due to the laxity of tissues or in people in whom the liga-

mentum flavum does not meet in the midline (0%-22% of people depending on the lumbar level).13 Conventionally, the oper-

ator relies on the experience of feeling the changing resistance and estimating the depth to the epidural space. With the

DPE technique, if CSF is not detected in the spinal needle, the depth of the epidural space may not yet be reached or the needle

is off midline.
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TROUBLESHOOTING EPIDURAL INSERTION

Difficulty Locating the Epidural Space

As epidural insertion is a blind technique, bony obstructions may be felt when the trajectory of the needle fails to access the

epidural space. In patients who are less able to flex the spine, a steeper approach may be needed. In other patients, this may

be due to osteophytes. In a minority of patients, it may not be possible to locate the epidural space at all. The patient’s position

should be optimised. The needle angle and insertion point may need to be redirected cranially or caudally in slight increments

until the needle can pass between the spinous processes. Alternatively, readjusting to the space above or below the previously

attempted space may be beneficial.

Cautious advancement into the epidural space is important to prevent temporary or permanent neuroinjury in the patient.

Paraesthesia suggests close proximity of the epidural needle to the nerve roots. Recurrent paraesthesia should signal

redirection or withdrawal of the epidural needle. The location and nature of the paraesthesia should be documented for

reference.

Figure 2. For continuous pressure, all of the advancing pressure is applied on the plunger. Resistance to this can be applied by the same

hand to the wings or the barrel flange (a-c). Additional resisting pressure can be applied to the barrel (d-f) or wings (g–h) of the needle by the

other hand. The dorsum (g) or fingers (h) of the nonadvancing hand may rest on the patient’s back for extra stability. With intermittent pres-

sure (i), 2 hands can guide the needle. (Photographs supplied by Katherine Fok, Anaesthetic Registrar, Royal Cornwall Hospital, UK.)
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Difficulty in Gaining or Confirming AccessWith the Epidural Catheter

The catheter may thread into an epidural vein. If frank blood is drawn back on aspiration from the epidural catheter, several

steps may help reposition the catheter out of the vessel:

• Flush 1 to 2 mL of saline through the catheter prior to aspirating again.
• If unsuccessful, withdraw the catheter in 0.25-cm to 0.5-cm increments and repeat the flush and aspiration, or withdraw the

catheter whilst simultaneously flushing saline.
• Once blood is no longer aspirated, the catheter may be secured and a test dose given to see if it is in the epidural space.

However, be aware that small amounts of local anaesthetic may still enter the bloodstream.
• If a multiorifice catheter is used, it should not be withdrawn to less than LOR depth þ3 cm, to ensure the orifices are within

the epidural space.

There has been a trend away from using a high-dose local anaesthetic (eg, 3-4 mL 2% lidocaine) to detect possible intrave-

nous catheters due to the risk of local anaesthetic systemic toxicity.14 The lack of neurologic/cardiac symptoms with the devel-

opment of an appropriate dermatomal block in the appropriate time frame (10-15 minutes) is highly suggestive of a catheter in

the epidural space. However, negative aspiration does not out rule intravascular or intrathecal catheter placement.

The meniscus sign is a fluid level within the epidural catheter that rapidly falls when the catheter is raised above the lower-pres-

sure epidural space and return of fluid (not continuous) when the catheter is lowered below the insertion site. It may not be

detected in all patients (sensitivity 25%) but is highly specific for correct placement in the epidural space.15 If there is negative

aspiration, and it is possible to flush 1 to 2 mL of saline, a test dose can still be given and the subsequent block tested for. Note

that a meniscal drop may still be present with an epidural vein catheter depending on the pressure gradient between the height

of the catheter and the pressure in the epidural vein.

The catheter may not thread due to the epidural needle only partially entering the epidural space or being half occluded by the

ligamentum flavum. This may be addressed by rotating the needle and catheter by 908 or by trying to advance a thinner cathe-

ter. In some circumstances, it is possible to advance the needle by 0.5 mm to see if the epidural space can be entered. How-

ever, if there is any doubt, it is advisable to remove the epidural needle and the catheter together to prevent the catheter from

shearing off in the bevel of the needle. Hydrodissection through the catheter may be attempted, but it may then be difficult to

test whether the catheter is in the epidural space. Usually, another attempt should be made to determine LOR and the epidural

space.

SUMMARY

Whether it is LORA or LORS, continuous or intermittent pressure, there is no evidence regarding which combination of

techniques is superior. Commonly, the technique comes down to what is taught and operator experience. DPEs are

being proposed as an additional layer to provide more effective and safer epidural placement.
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