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Chapter 1

Thoracic epidural
neural blockade



Epidural anaesthesia results in sensory and motor blockade but also implies blockade of
sympathetic outflow resulting in cardiovascular changes. This section will focus on neural
blockade after TEA. Anatomy of the epidural space will be briefly discussed as it is of importance
in understanding variations in analgesic spread after epidural anaesthesia.

1.1 Anatomy of the (thoracic) epidural space

The epidural space extends from the foramen magnum to the sacral hiatus. Anteriorly the
epidural space is bounded by the dura mater, laterally by the pedicles and intervertebral
foramina, and posteriorly by the ligamentum flavum (Figure 1). The epidural space is mostly
empty: it is a potential space rather than a true cavity™
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Figure 1. Anatomy of the thoracic spine

The epidural space is discontinuous, giving rise to compartments within the epidural space.
Longitudinally and circumferentially the epidural space is not continuous and separated by
zones where the dura is in contact with the spinal canal wall*. Despite the compartimentization
of epidural space, fluids are allowed to pass these compartments freely making the epidural

space a functional continuum?.
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Contents of the epidural space:

« Fat

« Veins

- Arteries

- Spinal nerves

« Epidural lymphatics

There are anatomical differences between the lumbar and the thoracic epidural region. The
epidural space becomes smaller from lumbar to cervical, ranging from 5 to 6 mm at L2 to 2.5 to
3 mm atT6 and to 1 to 1.5 mm at the level of C52. The size and shape of the thoracic vertebral
column is different from that of the lumbar vertebral column. The lumbar curve is convex
anteriorly and the thoracic curve is convex posteriorly and the thoracic vertebrae are smaller
than the lumbar vertebrae. In addition epiduroscopy* and MRI® demonstrated that the thoracic
epidural space contains less fatty and fibrous tissue and has increased patency of the extradural
space after injection of air compared to the lumbar epidural space.

1.1.1 Effects of ageing on epidural space

Structural changes of the epidural space might influence the distribution of local anesthetics
and extension of neural blockade. With advancing age anatomical change occurs in the epidural
space. Epiduroscopy showed that with advancing age the lumbar epidural space becomes more
patent and the amount of fatty tissue diminishes®, which might promote more longitudinal
spread of local anesthetics in the elderly. It seems fair to assume that these age-associated
changes of the epidural space apply to the thoracic epidural space as well.

Compared to the young, there is partially sealing of the intervertebral foramina of the thoracic
spine in the elderly, because of structural changes of the tissue around the intervertebral
foramina®. With advancing age the diameter of the myelinated fibers in the dorsal and ventral
nerve roots becomes smaller and the number of myelinated fibers decreases’. Weakening of
the connective tissue sheets covering the nerves with advancing age, makes more penetrable
by local anesthetics’. Furthermore, increasing age is accompanied with a greater permeability
of the dura®.

1.2 Sensory blockade
One of the primary aims of epidural blockade is to prevent the conduction of nociceptive
impulses from the surgical field to the brain. The skin and other organs host a rich diversity in
different receptors and nerve endings responsible for sensations like touch and proprioception
but also nociception. Activation of nociceptive receptors by noxious stimuli results in impulses
that are conducted by specific fiber types within peripheral nerves. The impulses conducted
through these fibers reach the spinal column by way of the dorsal spinal roots®. Conduction of
the impulses to the brain will generate perception of pain.
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Sensory blockade after epidural administration of local anesthetics might differ between the
thoracic level and lumbar level. Differences in shape and contents of the thoracic and lumbar
epidural space, differences in vertebral column height and differences in local distribution of the
local anesthetic at the site of action may explain these regional characteristics. Furthermore,
there is a considerable variability in the spread of analgesia between persons of the same age.

In clinical practice spread of analgesic blockade after TEA has been demonstrated to depend
on the insertion site of the epidural injection. At the low thoracic level analgesic spread was
more cranial whereas spread of analgesic blockade at high thoracic level was more caudal®.
Differences in epidural pressure at the different epidural regions might contribute to this typical
pattern of spread of sensory blockade. The amount of spinal segments blocked appears to
depend on the total amount of local anesthetic administered?™.

1.2.1 Assessment of sensory blockade

The spinal nerves leave the spinal cord through the intervertebral foramina, where each spinal
segment supplies a specific region of the skin, muscle (myotomes) or bone (osteotomes).
Assessment of sensory or analgesic blockade is by testing for loss of sensory discrimination (pin
prick) or by temperature discrimination (ice). In our studies we used both pinprick and ice as
stimuli for assessing sensory blockade. Assessment of sensory blockade in our studies has been
performed at each dermatome on both sides of the body according to a dermatomal chart.

1.2.2 Influence of age on sensory blockade

The effect of age on extradural dose requirements have been investigated numerously in lumbar
epidural anesthesia, however results are conflicting®>23.

Studies investigating the effects of age and dose requirements in thoracic epidural anesthesia
are scarce. Though the number of studies is limited, they all demonstrated a positive correlation
between age and spread of blockade following thoracic epidural administration of a local
anesthetic solution. A study by Hirabayashi and colleagues®* concluded that the extradural
dose requirement decreased with increasing age (r =-0,7), the requirement in the elderly (60-79
year) being about 40% smaller than that in the young adults (20-39 year) (Figure 2). Another
study by Holman et al*® found smaller segmental dose requirements and greater incidence of
hemodynamic instability in the elderly group (56-86 year) vs the younger group (18-51 year).
Their study was designed to constitute a safe test dose for TEA and analgesic blockade was not
appropriate for surgery.
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Figure 2. Relationship between age and extradural dose requirement in thoracic extradural anesthesia.
From Y. Hirabayashi and R Shimizu, effect of age on extradural dose requirement in thoracic extradural

anaesthesia, British Journal of Anaesthesia 1993; 71: 445.

Radiological studies have shown a positive correlation between age and longitudinal spread
of contrast in the thoracic epidural space?®?”. However, spread of radio-opaque material might
differ from spread of local anesthetics.

1.3 Sympathetic blockade

Sympathetic blockade will be discussed more extensively since it responsible for the
cardiovascular effects associated with TEA and the main focus of this thesis. Thoracic epidural
anesthesia results in blockade of sympathetic outflow to heart (T1-T5) and vessels (T6-T10) which
is responsible for the hemodynamic changes after induction of TEA. Blockade of preganglionic
sympathetic innervation to the heart (T1-T5) may lead to changes in heart rate, conduction
velocities, inotropic state and lusitropic state.

Blockade of preganglionic sympathetic innervation to splanchnic organs(T6-L1) may result in
arterial dilatation, venodilatation with sequestration of blood in capacitance vessels, decreases
in preload and inhibited sympathetic outflow to the adrenal glands with diminished secretions
of catecholamines?® 2°. The concept that epidural anaesthesia results in a complete block of
sympathetic nerve activity of at least the same extent as sensory block has been questioned.
Some studies indicate that the level of sympathetic block associated with epidural anesthesia
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may be lower than the level of sensory block and more incomplete in terms of quality of block®*
31 On the other hand several studies concluded that the level of sympathetic block exceeds the
level of sensory block by at least two dermatomes??33. Differences in methods to evaluate the
effect of epidural anesthesia on sympathetic outflow to the thoracic and abdominal organs as
wellasthe trunk may contribute to these controversies. Since it has not been established whether
the efferent sympathetic nerves are distributed segmentally, the methods used until now do not
indicate a clearly discernible boundary between the blocked and unblocked dermatome.

1.3.1 Assessment of sympathetic blockade

Skin Sympathetic Activity (SSA), e.g. abolition of sweating or sympathogalvanic response is
the standard tests of complete interruption of the sympathetic nerve pathways*. Muscle
Sympathetic Nerve Activity (MSNA) by microneurgraphy is the only technique available that
directly measures sympathetic neuronal activity**. However one has to bear in mind that both
SSA and MSNA measure local sympathetic activity which does not necessarily reflect cardiac
sympathetic activity. Clinical application of this technique is limited because it is a rather
invasive. Sympathetic innervation of the heart may be assessed by analysis of the power
spectrum of heart rate (HR) oscillations®. Changes in HR over time depend on parasympathetic
and sympathetic input.

Fourier analysis of HR data yields power spectra with high frequency and low frequency
oscillations. Some authors claim that the low frequency domain represents cardiac sympathetic
drive® 38 however this is disputed by others3*4°.

The low frequency domain measures end-organ response and is influenced by multiple factors
including cardiac sympathetic innervation*.. Because the validity of heart rate variability as
a tool of measuring sympathetic activity is uncertain, we did not use this technique in our
studies and excluded studies using this technique in our review article (Chapter 4). Cardiac
noradrenaline spillover reflects sympathetic nerve firing to the heart and is a more direct way
of assessing cardiac sympathetic innervation*'. However, administration of isotopes and its
invasive character prevent its use as a clinical marker of sympathetic innervation.

Assumingthattemperature increase of the foot as measured by infrared telethermometry reflect
diminished sympathetic outflow, upper thoracic segmental epidural anesthesia can result in
a widespread diminution of sympathetic outflow extending to and including the most caudal
part of the sympathetic system beyond sensory blockade®. However direct measurements
of sympathetic nerve activities by muscle and skin sympathetic nerve activity demonstrated
that upper thoracic epidural anesthesia is not associated with blockade of sympathetic nerve
activity to the legs*2. Despite high levels of epidural blockade (above T5) weak galvanic skin
responses to arousal could still be elicited in the foot, indicating incomplete sympathetic
blockade®. A possible approach to investigate the intensity of a sympathetic block is to measure
catecholamine response. Epidural anesthesia with a sensory level to T1 did not produce
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complete sympathectomy irrespective of the local anesthetic used since plasma concentrations
of catecholamines were nearly unchanged*. Blockade of preganglionic sympathetic fibers
innervating the adrenal medulla and innervating peripheral sympathetic fibers appeared to be
incomplete, even during quite extensive epidural anesthesia to C8. Only analgesic blockade at
the C8 level significantly decreased norepinephrine levels*’. The degree of sympathetic blockade
achieved after epidural injection of a local anesthetic seems to vary and epidural anesthesia
probably induces reductions in sympathetic neural transmission rather than complete blockade.

In conclusion assessment of sympathetic blockade remains difficult and reliable tests are
invasive and time consuming.

1.4 Sympathetic nervous system and aging (Figure 3)

Aging is associated with changes in the human sympathetic nervous system. One of the aging
associated changes is a diminished responsiveness to -receptor stimulation**” which seems
to be related to multiple mechanisms such as downregulation of R-receptors, decreased agonist
binding of beta 1-receptors and abnormal post-synaptic -adrenergic signaling®. Studies
demonstrating decreased cardiovascular response to B-adrenergic antagonist infusion with
aging and a comparable hemodynamic profile between [-blocked younger subjects and older
unblocked subjects support these mechanisms*® “. Despite these aging-associated functional
changes, resting heart rates, end-diastolic and end-systolic volumes, cardiac output and
myocardial contraction are similar in older and younger healthy subjects>®>*.

Effects of aging are most evident during exercise or other forms of B-adrenergic sympathetic
stimulation. In elderly patients the cardiovascular response to B-adrenergic sympathetic
stimulation during hypotension, stress or exercise is diminished with decreases in chronotropic
and inotropic response. Maximal exercise heart rate and ejection fraction decline whereas
maximal exercise end-systolic volume increases®. Despite the diminished chronotropic and
inotropic response after B-adrenergic stimulation in elderly subjects, cardiac output remains
unchanged by volumetric adaptation (cardiac dilatation, Frank-Starling mechanism) as a
compensatory mechanism?°.

Although systolic function is preserved with aging, changes in diastolic cardiac function
occur with advancing age. There is an age-associated reduction in early diastolic filling and an
increase in late diastolic filing of the LV®>°3, This pattern of reversement of predominant early
diastolic flow with increasing age is mainly due to an increase in the isovolumic relaxation
time®%. Normally B-adrenergic stimulation, e.g. during exercise, increases the rate of isovolumic
relaxation creating a “suction” effect which enables faster ventricular filling.This mechanism
ensures adequate filling of the ventricles during exercise without elevating filling pressures.
However, diminished B —receptor responsiveness and structural changes of the heart result in
a decline of early ventricular filling which is also present during maximal exercise. Since elderly
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patients dependent on volumetric adaptation to maintain cardiac output during exercise,
decline of early ventricular filling with advancing age endangers maintenance of cardiac output
during exercise. These changes in diastolic function may lead to lead to elevated cardiac filling
pressures and insufficient cardiac reserve during 8 —receptor stimulation®.

The deficits in sympathetic modulation of cardiac function with aging are accompanied by
elevated plasma concentrations of norepinephrine® *¢, which suggest that sympathetic nervous
system activity increases with aging. This may be a compensatory response to a decrease in
cardiac R-receptor density and diminished B- receptor responsiveness with advancing age®.
Also the response of the sympathetic nervous system to different stressors seem to be stronger
with aging resulting in greater increases in plasma levels of norepinephrine*” . The rise in
norepinephrine results partly from increased norepinephrine spillover to plasma, especially
from the heart®® >3,

1.4.1 Aging effects in the cardiovascular response to sympathetic blockade by TEA (Figure 3)
Besides the aforementioned changesintheautonomicnervous systemagingis alsoaccompanied
by structural changes of the heart and vasculature. Stiffening of connective tissue results in
decreased compliance of arteries, veins and ventricular myocardium. Arterial stiffening leads
to systolic hypertension, increases pressure wave velocity and reflection of pressure waves at
end-systole resulting in increased afterload of the heart and consequently hypertrophy of the
myocardium?°. Myocardial hypertrophy and stiffening impair ventricular relaxation and decrease
myocardial compliance which makes the heart more susceptible to volumetric changes. Venous
stiffening reduces the ability of the venous system to maintain central volume and pressures
when faced with volume changes or distributional changes.
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Figure 3. Cardiovascular aging and implications for thoracic epidural anesthesia.

These structural changes combined with decreased R-adrenergic responsiveness, decreased
chronotropic and inotropic response during hypotension, exercise and infusion of inotropes
result in increased dependency on the Frank-Starling mechanism and ventricular filling.
Consequently, in the elderly cardiac output during stress or exercise primarily depends on
maintainingorincreasingend-diastolicvolumes.The limited chronotropicandinotropicresponse
to 3-adrenergic stimulation in the elderly results in a 25% fall in cardiac output during exercise
and leads to a reduction in cardiac reserve*. The negative inotropic and chronotropic effects
of TEA make the elderly heart even more dependent on cardiac filling pressures to generate
sufficient cardiac output. Indeed increasing age is associated with a greater sensitivity of the
cardiovascular system to volumetric changes®*. Therefore, TEA-induced reductions in preload will
have more effect on cardiac performance in the elderly patients compared to younger patients.
The decreased compliance and relaxation of the myocardium put the elderly at risk for fluid
overloading. Volume loading of the heart in the elderly will compared to that in the young heart
more rapidly raise filling pressures to levels causing symptoms of congestive heart failure. Rapid
volume loading to compensate for the relative hypovolemia caused by venodilatation following
induction of TEA should be done with caution in the elderly. Also redistribution of fluids after
regression of neural blockade by TEA constitutes a risk of fluid overloading in the elderly. In
addition, increases in resting sympathetic activity and age-related baroreflex dysfunction®® ¢
make the elderly more susceptible to hypotension following sympathetic blockade by TEA. This
is clinically highly relevant since elderly patients with cardiovascular disease are at increased risk
for hypotension induced ischemia®2.
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1.5 Motor blockade

Epidural anesthesia induces segmental block of the spinal nerves including motor block and can
be assessed with reference to specific myotomes. Depending on the insertion site of the epidural
catheter motor block of the phrenic nerve, respiratory muscles in the rib cage, abdominal
muscles and both upper and lower extremities can occur.

1.5.1 Assessment of motor blockade

Clinical measurement of motor blockade after TEA only seems feasible in the extremities. In
our studies we used the epidural scoring scale for arm movements (ESSAM), which tests three
active arm movements (hand grip, wrist flexion and elbow flexion)® (Table 1). This test was
designed to monitor and control motoric blockade after TEA. Cephalad neural blockade with
motor blockade of arm movement (C5-T1) appears before motor blockade of the C3, 4, 5 nerve
roots with possible involvement of the phrenic nerve. Respiratory problems and apnea might be
the result. Decreased motoric function of the arm might indicate cephalic spread and possible
imminent involvement of the phrenic nerve. In patients scheduled for cardiac surgery 30% of the
patients had motor blockade of the arms after induction of TEA®.

Hangrip (T1/C8), wrist flexion (C8/C7) and elbow flexion (C6/C5) are monitored and scored
bilaterally. The Essam score consists of four grades (grade 0 to 3) depending on the absence of

the tested arm movements (Table 1).

Table 1. Details of the ESSAM scale

ESSAM Scale

Grade

0 No block: Handgrip, wrist flexion and elbow flexion is present

1 Partial (33%) Handgrip is missing, wrist flexion and elbow flexion present

2 Almost Handgrip and wrist flexion are missing, elbow flexion is
Complete (66%) present

3 Complete (100%) Handgrip, wrist flexion and elbow flexion are missing
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