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Epidural and spinal anaesthesia and analgesia are powerful tools for anaesthetists. Epidurals and spinals (also known as neuroaxial nerve block) provide a valuable alternative to general anaesthesia where general anaesthesia is either not appropriate for the patient (for example a patient with respiratory difficulties) or for the environment (such as in the third world where resources for general anaesthesia may not be available). In addition epidurals have revolutionised pain relief in childbirth and post-operative analgesia after major surgery. 

Anatomy and Physiology of the Spinal Cord

The spinal cord extends down to the level between the first and second lumbar vertebrae (or thereabouts). Connected to the spinal cord by ventral (motor) and dorsal (sensory) nerve roots are spinal nerves. There are 31 pairs of spinal nerves (8 cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 coccygeal. Nerve roots hanging down below the spinal cord form the cauda equina, which looks like a horse’s tail. The spinal cord and cauda equina lie within the dural sac bathed in cerebral-spinal fluid (CSF). The wall of the dural sac consists of the tough dural membrane and the finer arachnoid matter, the latter being on the inside. The space within the dural sac is referred to as the subarachnoid space. Outside the dural sac is the epidural (or extradural) space, which contains fat, blood vessels and spinal nerves. Each dorsal and ventral nerve root join to form the corresponding spinal nerve close to where the spinal nerve enters the epidural space. In the epidural space the spinal nerves are encased in fibrous tissue, which is an extension of the dural membrane. The dural sac and the epidural space around it lie within the vertebral canal. The wall of the vertebral canal is essentially a cage made of the vertebral arches, which are loops of bone that come off the back of the vertebrae. Holding the vertebral arches together, and completing the wall of the vertebral canal, are various ligaments. The intervertebral foramina are holes within this wall and this is where the spinal nerves exit the spine.

Nerve fibres exiting the spinal cord are sensory, motor, sympathetic and parasympathetic. The sympathetic and parasympathetic nerves comprise the autonomic nervous system. All can be inactivated (blocked) by the local anaesthetic used in spinals and epidurals. Which ones are blocked depends at what level of the spinal column the spinal or epidural is performed and how far the local anaesthetic spreads. 

· Sensory and motor nerve fibres: The sensory component of each spinal nerve supplies an area that is marked out on the body as a dermatome. Likewise the motor component generally supply areas of the body which relate to the level at which the motor fibres leave the spinal cord. This is what is meant by the term “segmental innervation”. However one notable exception is the diaphragm, which is supplied by the C3,4,5 spinal nerves; one might have expected it to be supplied by spinal nerves from lower down. Because the diaphragm has a high nerve supply it is possible to have a relatively high block in a patient and the patient still be able to breath.

· Sympathetic nerve fibres: Preganglionic sympathetic fibres exit in spinal nerves from levels T1 to L2. These fibres synapse in sympathetic ganglions outside the vertebral canal and postganglionic sympathetic fibres then carry the sympathetic supply to the body. Blocking sympathetic nerve fibres causes dilation of blood vessels (normally sympathetic nerves maintain a degree of vasoconstriction) and at high levels (T4 and above) slowing of the heart (bradycardia).

· Parasympathetic nerve fibres: Preganglionic parasympathetic fibres exit at the bottom of the spinal column (S2 to S4) and synapse on or near the organ they supply. Blocking parasympathetic nerve fibres may cause inability to pass urine; the resultant urinary retention may require treatment with a urinary catheter.

In addition, which type of nerve fibre is blocked at a given level depends on the sensitivity of the nerve fibre to local anaesthetic. As a general rule the thicker the nerve fibre the less the sensitivity to local anaesthetic. Likewise mylinated fibres (which are protected by a fatty sheath) require longer for local anaesthetic to penetrate.
Nerve fibre
Ave Size 
Function

Sensitivity to local anaesthetic

A alpha
14 (m

Motor (somatic) & proprioception

Lower

A beta

9 (m

Touch & pressure


A gamma
5 (m

Motor (to muscle spindles)

A delta
3 (m

Pain (& probably some temperature)


B

2 (m

Preganglionic autonomic


C

1 (m

Temperature (& probably some pain)
Higher





& postganglionic autonomic
Note: A and B fibres are mylinated, C are unmylinated.

The consequence of this difference in sensitivity to local anaesthetic is that different sensory modalities are affected differently during neuroaxial anaesthesia; this is discussed below. In addition because motor fibres are less sensitive than pain fibres it is possible to have a so-called “mobile”, “walking” or “low-dose” epidural during labour. This enables the patient to retain some use of their legs but still be pain free. This is valuable, as being able to move around in labour, despite having an epidural, is preferred by the patients and is associated with better obstetric outcomes.

The difference between a spinal and an epidural

A spinal injection is the same as doing a lumbar puncture except, rather than a sample of CSF being taken, local anaesthetic is injected into the CSF. A needle is introduced into the back, usually between the spinous processes of the L3 and L4 vertebrae. These can usually be felt in the midline and lie just above the level of the iliac crests. The needle is advanced through the following layers: skin, subcutaneous tissue, the supraspinous ligament, the interspinous ligament, the ligamentum flavum (which forms the boundary of the epidural space), the epidural space, the dural membrane, the arachnoid matter and into the subarachnoid space. Entry into the subarachnoid space is felt as a click and is confirmed by CSF coming back up the needle. Local anaesthetic is then injected which quickly (5-10 minutes) numbs adjacent nerve roots. This numbness will last for 1-6 hours. Often the local anaesthetic solution used contains some sugar that makes it denser than CSF. This enables the anaesthetist to alter the direction of the spread of the numbness by altering the position of the patient after the spinal injection has been done. For example sitting the patient up numbs nerves at the bottom of the cauda equina, which is appropriate for perineal surgery. The local anaesthetic solution often has an opiate added to it. This enhances the action of the local anaesthetic, probably by acting at opiate receptors in the spinal cord. Although a spinal injection can be done at the L2/L3 level it can’t be safely performed above this, as there is a risk of accidentally injecting into the spinal cord, which may cause spinal cord damage. Lower down, at the level of the cauda equina, spinal injection is relatively safe as any nerve roots the needle encounters are brushed out of harm’s way. The needle used has to be quite fine, because if a large hole is left in the dural sac CSF leaks out of the subarachnoid space into the epidural space and this causes a drop in CSF pressure. In the majority of patients this causes a bad headache. The headache does not resolve until the hole in the dural sac heals up which takes several days. 

An epidural is different in several respects and these are listed below:

· The needle is only advanced as far as the epidural space – this is identified by being easy to inject saline into. 

· A larger needle can be used, as the dural sac is not breached so there is usually no risk of headache. This makes it more practical to thread a fine plastic tube (epidural catheter) down the epidural needle. This plastic tube is left in the epidural space while the needle is slid out. This plastic tube is then used to give local anaesthetic into the epidural space. The epidural catheter can be left in place for several days during which time local anaesthetic can continue to be put down it. Hence the epidural can provide numbness for much longer than a spinal injection. This makes an epidural particularly suitable for pain relief during childbirth and after major surgery.

· The local anaesthetic solution used contains no sugar. As the epidural space does not contain fluid normally (unlike the subarachnoid space with its CSF) the solution injected will naturally run downhill without being made denser by adding sugar. However, like spinal local anaesthetic, the solution does usually contain an opiate to enhance its actions.

· An epidural takes longer to work (20 minutes) than a spinal. This is because in order to have an effect, the local anaesthetic has to diffuse either through the dural membrane, or through the fibrous sheath of the spinal nerves.

· For the same reason, a ten-fold increase in the dose of anaesthetic is required for an epidural compared with a spinal. Likewise the local anaesthetic dose is usually administered as a larger volume – eg 20 ml rather than 2 ml for a spinal injection.

· Epidurals can be inserted higher up the spine than spinals because the epidural needle does not reach the subarachnoid space where the spinal cord is. Hence thoracic epidurals can be performed which can provide good analgesia after surgery in the abdomen.

Testing for anaesthesia

Clinically this is usually referred to as “testing the level of the block”, and involves determining how far the numbness has spread up and / or down the body. The different types of nerve fibre affected by the local anaesthetic have been listed above. C fibres can be tested using a cold ethyl chloride spray, A delta by using a sterile pin, and A beta by using cotton wool. As you would expect from the characteristics of the nerve fibres, usually numbness to cold spray precedes and spreads higher than numbness to pinprick, which in turn precedes and spreads higher than numbness to soft touch.

One might have thought that numbness to pain from pinprick would be the most sensible thing to test for in order to check that a block is satisfactory for surgery. However in areas where the block isn’t working the pin is painful, and unnecessarily drawing blood is frowned upon because of the risk of blood borne viruses. In addition, curiously, numbness to pin prick is not a very good predictor for numbness for surgery. This is probably because the pain felt during surgery is mediated by a number of different types of nerve fibre. In fact testing for loss of sensation to soft touch is the most reliable to check that a patient is numb enough for surgery.

Anaesthetists know what dermatome levels need to be numb for a given type of surgery. For example to be pain free during Caesarean section the patient needs to be numb from the perineum (S4 dermatome) to the nipple line (T4 dermatome). This is a larger area than one would expect bearing in mind there is a bikini line incision. However the uterus and the peritoneum which envelops it, take their nerve supply from relatively high up. 

Block can also be tested for by looking for muscle weakness (motor block). There is a scale called the Bromage score, which is used to determine the degree of motor power. Details are given in the table below:

Score

Definition

0

No motor block

1

Unable to raise extended leg, can move knees and feet

2

Unable to raise extended leg or move knee, able to move feet

3

Complete motor block of leg

Confusingly many different versions of the Bromage score have been produced, some with a low score corresponding to a high degree of motor block, the reverse of that given here. In addition, although the motor effects are proportional to the height of the sensory block, they are too non-specific to be used to identify the level accurately.

Comparative effects of block to T10 or T4





T10 (umbilicus)

T4 (nipple line)

Type of surgery

Low pelvic e.g. prostate
High pelvic / abdominal 









e.g. caesarean, hernia 

Level of epidural insertion
Lumbar


Lumbar or thoracic

(Note: spinals are only inserted at the lumbar level)

Typical spinal dose

9 mg bupivacaine

12 mg bupivacaine
(Note: typical epidural dose is ten times larger for each)


Parasympathetic block
Yes



Yes

Sympathetic block

Minimal


Considerable

Motor block


Bromage score 2

Bromage score 3

Sensory block

T10



T4

Note that even with a block to T4 the patient can still breath normally because the intercostal nerves above the level of T4, and the phrenic nerve (C3,4,5), are unaffected.

Complications of Spinal and Epidurals

Some of these are predictable physiological effects of nerve blockade. Some are due to something going wrong. Both types are listed below:

· Hypotension: This is due to blockade of sympathetic nerves that causes blood vessel dilation. This can be counteracted by giving intravenous fluids and vasoactive drugs (such as ephedrine or phenylephrine) to raise the blood pressure.

· Itching: This can occur when an opiate has been used in addition to local anaesthetic. This is probably due to the opiate drug acting on receptors within the spinal cord, but the exact mechanism is not known.

· Urinary retention: This is due to blockade of parasympathetic nerve fibres.

· High block: For reasons often unknown different patients have different sensitivity to a given dose of local anaesthetic for neuroaxial block. As one might expect, small patients have smaller volume epidural and subarachnoid spaces, but sometimes it is not easy to predict who will be sensitive. If a block stretches too high the patient may complain of numbness of the hands and often a subjective feeling of difficulty in breathing – although oxygen saturations may be normal. The Numbness of the hands is due to blockade of the C6,7,8 dermatomes; the subjective difficulty in breathing is due to blockade of the intercostal nerves. As explained above, because the diaphragm takes its nerve supply from so high up, respiratory function is usually maintained. If the block extends as high as C4 or C3 then respiratory failure does ensue and respiratory support is required until the block wears off. High block is also associated with considerable sympathetic block causing vasodilatation, hypotension and bradycardia.

· Incomplete block: Sometimes spinal injections don’t go quite as high as hoped, but incomplete block is particularly a problem with epidurals. The epidural space sometimes contains barriers of fibrous tissue that prevent complete spread of local anaesthetic to all the required nerves. The result is that either one side, or the other, remains completely, or relatively, unaffected. Sometimes just a single spinal nerve, corresponding to one dermatome, fails to be blocked. Often giving further local anaesthetic, with the patient lying on the unblocked side, resolves this problem, as the local anaesthetic tends to run downhill to the side of the epidural space where previously it failed to penetrate.

· Headache: This most commonly occurs when an epidural needle has been accidentally pushed in too far and so breached the dural membrane leaving a large hole. As explained previously, this results in headache.
· Nerve Injury: This is due to accidental damage caused by the epidural or spinal needle. Usually sensory rather than motor nerve roots are affected because sensory nerve roots come off the back (dorsal surface) of the spinal cord, which is closer to the spinal or epidural needle.

· Spinal Cord Damage: This may be due to direct damage from a needle but may also be due to pressure on the spinal cord due to a collection of either blood or pus adjacent to the spinal cord secondary to bleeding or infection caused by the epidural or spinal.

Conclusion

Despite the list of complications above, the benefits of neuroaxial nerve block usually far outweigh the risks. Spinals and epidurals will be used for many years to come. Knowledge of the science behind these techniques is likely to be useful for any future clinician.
