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Editorial I
Ultrasound-guided nerve blocks
The ideal in the practice of regional anaesthesia would be the
ability to deliver precisely to the target nerve exactly the
right dose of local anaesthetic without incurring any risk of
damage to the nerve or its related structures. Currently, we
aim to achieve this by using needles and catheters, guided
mostly by knowledge of anatomy supplemented by electrical nerve stimulation or the elicitation of paraesthesiae.
Knowledge of anatomy takes the needle to the general area
of the nerve and helps avoid other structures. The speci®c
nerve location technique allows a close approach, hopefully
without the risk of nerve damage. Unfortunately, this is
essentially a blind process, but modern imaging techniques
might be used to overcome this. Ultrasound-aided nerve
blocks have been reported in the anaesthetic literature since
1978, with an increase in interest from the mid-1990s,
probably as a result of improvements in ultrasound equipment. One such study appears in this issue of the journal, and
implies that there is a case for routine use of ultrasound in
regional anaesthesia.1 We consider whether this is correct.
Most of the studies of ultrasound in regional anaesthetic
practice have looked at one or more of the various
approaches to the brachial plexus, some using ultrasound
to identify and mark the skin over blood vessels and others
using it to guide the needle or catheter to the nerve.
Ultrasound has also been used to visualize the spread of
local anaesthetic from a catheter and to validate currently
used landmarks. In 1978, La Grange and colleagues2
reported the use of a Doppler ultrasound device to aid
identi®cation of the subclavian artery and vein before
brachial plexus block by the supraclavicular approach in 61
patients. Their success rate was 98% and there were no
complications. Other authors3 4 used Doppler ultrasound to
identify and mark the location of the axillary artery for
brachial plexus block in patients whose axillary artery was
impalpable. In 1988, Vaghadia and Jenkins5 described the
use of Doppler ultrasound in three patients for intercostal
nerve block. Again, Doppler ultrasound was used to identify
the relevant arteries before marking the skin for injection.
The authors felt that the advantage was location of the ribs
by a less painful and a more accurate method (in obese
patients) than palpation.
In 1989, Ting and Sivagnanaratnam6 used ultrasound to
con®rm placement of a cannula in the axillary sheath and to

demonstrate the spread of local anaesthetic in 10 patients for
forearm or hand surgery. The cannulae were placed without
ultrasound guidance by palpation of the artery and feeling
for a click on entering the sheath. In this small study, the
block was successful in all subjects and no paraesthesiae or
vascular punctures occurred. A larger study, involving 40
patients, was performed by Kapral and colleagues,7 who
used ultrasound to guide placement of cannulae within the
brachial plexus sheath and to con®rm the spread of local
anaesthetic in both axillary and supraclavicular approaches.
Spread of anaesthetic was also con®rmed radiographically.
Again, all the blocks were performed without damage to
vessels or nerves (although there was no mention of longterm damage) or, especially, the pleura. Satisfactory block
was achieved in all but one patient in each group of 20.
Despite correct placement of the cannulae within the sheath
in each group, only 75% of the patients in the axillary group
achieved satisfactory blockade of the musculocutaneous
nerve. The authors commented that the advantages of
ultrasound guidance were that it showed directly the effect
of over-abduction of the humerus, which compresses the
axillary vessels and could interfere with the proximal spread
of the anaesthetic, and that it allowed `relatively small
volumes of local anaesthetics' to be used. GuÈzeldemir and
È stuÈnsoÈz8 in 1995 described the placement of a catheter
U
under ultrasound guidance for continuous axillary brachial
plexus blockade in one patient, con®rming the location by
digital subtraction radiography.
Two ultrasound studies of the brachial plexus were
reported in radiology journals in 1998. Sheppard and
colleagues,9 while not speci®cally describing ultrasound
for nerve blocks, evaluated the ability of ultrasound to
visualize components of the brachial plexus, using MRI as a
guide to background anatomy. They described the plexus
nerves as having a hypoechoic appearance, with thin
hyperechoic rims which were tubular on longitudinal
scans and oval to round on transverse scans. They also felt
that colour Doppler was essential to prevent the confusion
of nerves with small blood vessels. Yang and colleagues10
looked at the anatomy of the brachial plexus under
ultrasound and subsequently used it to guide the placement
of catheters for interscalene and supraclavicular blocks (16
and four patients respectively) before arm surgery.
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Radiography and computed tomography (CT) were then
used to con®rm catheter placement and the spread of
contrast material before injection of 1% lidocaine 30 ml
with epinephrine 1:200 000. Surgery commenced 20 min
later. Despite x-ray and CT con®rmation of correct catheter
placement in all patients, the success rate was only 60% for
surgery, although the postoperative analgesia rate was
100%.
Ootaki and colleagues11 reported a study using ultrasound
guidance for infraclavicular block in 60 patients as anaesthesia for upper limb surgery. Their success rate was 95%,
meaning that all but three patients underwent surgery with
no further anaesthetic or analgesic. None of the patients
required a general anaesthetic. Their success rate was
similar to that reported in larger studies by Raj and
colleagues12 and Kilkaand colleagues,13 and there were no
complications other than paraesthesiae in three patients. The
advantage of ultrasound in avoiding pneumothorax was
apparent, because Ootaki and colleagues were able to see
the needle, pleura and lung and to place the needle
accurately either side of the subclavian artery for local
anaesthetic injection. The brachial plexus was not stated as
having been identi®ed in this study.
Greher and colleagues1 have added to our knowledge of
anatomy in relation to nerve blocks by using ultrasound to
identify the brachial plexus in the infraclavicular region in
order to assess the accuracy of existing landmarks used for
infraclavicular vertical plexus block. It is of interest and
importance that their study indicates that these landmarks
are not ideal in all sizes of patient, and may decrease the
margin of safety by allowing the close approach of a needle
to the pleura and vessels. Their recommendation is that
ultrasound guidance be used when performing this block or
that their modi®cation of the anatomical landmarks be used
if ultrasound is not available.
Lower limb nerve block using ultrasound was investigated in two studies of the 3-in-1 technique by Marhofer and
colleagues in 1997 and 1998. In the ®rst,14 ultrasound
guidance was compared with nerve stimulator guidance, and
the onset time and quality of the block were assessed in 20
patients in each group. There was no mention of blinding of
the assessor to the method used. The onset time of the 3-in-1
block was signi®cantly shorter (16614 vs 27616 min,
P<0.05) and quality, on a percentage scale (100% representing uncompromised sensation), was signi®cantly better
in the ultrasound group (15610% of initial value vs
27614% of initial value, P<0.05). Sensory block of each
nerve (femoral, lateral cutaneous of the thigh and obturator)
was assessed, and the results indicated that the ultrasound
group achieved a complete 3-in-1 block in 95% of cases
compared with 85% in the nerve stimulator group.
Interestingly, the femoral nerve could not be identi®ed in
three of the patients in the ultrasound group. Two of these
patients each had a large fracture haematoma and one of the
three patients subsequently had an inadequate block. The
blocks were not intended for surgical anaesthesia, but were

performed for analgesia before spinal anaesthesia for
surgery. In the second of their studies, Marhofer and
colleagues15 investigated whether ultrasound guidance in
the 3-in-1 block affected the dose of local anaesthetic
required. They compared three groups of 20 patients each:
one ultrasound guided group using 0.5% bupivacaine 20 ml,
and two nerve stimulator groups using 0.5% bupivacaine
20 ml and 30 ml respectively. The study was identical in
other aspects to their previous one, and the overall success
rate, as de®ned by loss of sensation to 30% of the baseline
response, was 95% in the ultrasound guided patients and
80% in each of the other groups.
The literature also reports ultrasound-guided/aided/assisted nerve blocks of the coeliac plexus, stellate ganglion,
psoas compartment, pudendal nerve, prostatic nerve and
others. It is also worth mentioning that ultrasound has been
used to assess the depth of the epidural space16 and to assess
the lumbar epidural space during pregnancy.17 One of the
present authors (DGS) has used ultrasound to examine the
anterior approach to the sciatic nerve in conjunction with an
as yet unpublished MRI study. He found that the sciatic
nerve could not be identi®ed, although the femoral vessels
close to needle insertion were identi®able, as was the lesser
trochanter. The use of ultrasound to avoid structures in
conjunction with nerve stimulation to locate the nerve could
be appropriate in this block, although this has not been
reported.
From all these studies, it appears that ultrasound can be a
useful aid whether it is used to locate arteries, to mark the
skin for unguided blocks or as a real-time guide of needle or
catheter position relative to the nerve or related blood
vessels, and can be used to de®ne the spread of local
anaesthetic. However, it is interesting to note that, even with
the ability to establish that the needle or catheter is close to
the nerve, or within its sheath, and then to observe the
spread of local anaesthetic, there is no guarantee of an
adequate nerve block.
Modern clinical ultrasound equipment typically operates
in the 2.5±20 MHz frequency range. The higher the
frequency the better the spatial resolution, but at the
expense of reduced depth penetration. Lower frequencies
provide better depth penetration but at lower spatial
resolution. Additional features, such as pulsed-wave and
colour Doppler imaging, allow the indenti®cation of vessels
and the blood velocities in those vessels. Modern ultrasound
equipment is cheaper and more portable and produces
better-quality imaging than that used in previous studies.
State-of-the-art diagnostic ultrasound equipment has multiple probes and software packages, and costs from £100 000
to £150 000. But a modern portable ultrasound machine,
which might be used for regional anaesthesia and peripheral
arterial and central venous cannulation, would have a single
variable-frequency linear array transducer (5±10 MHz), be
the size of a portable de®brillator and cost approximately
£15 000.
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we wish to block and of structures we do not wish to damage
must continue to be evaluated.

Should anaesthetists use ultrasound to guide
needle insertion in nerve blockade?
The simple answer is `yes', on the basis of the results of the
studies mentioned and, to a certain degree, on common
sense. It can be argued that it is better to use the best
equipment available to actually identify structures rather
than to infer their position from surface anatomy and older
nerve location methods. However, the complicated answer
is `it depends'. It depends on what type of nerve block is
planned, on what the complications are and on the
individual's personal experience. Thus it may be of use in
certain blocks for which the complication rate is high or the
complications are more serious, such as brachial plexus
blocks. It might be considered particularly appropriate when
performing nerve blocks in anaesthetized patients, such as
children. It could also be of use in other blocks, such as the
3-in-1 block, for which it has been demonstrated that the
success rate is higher using ultrasound and that the dose of
local anaesthetic required is lower. Teaching and training is
another obvious important application of ultrasound in
regional anaesthesia.
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Could any anaesthetist, with minimal
training, use ultrasound to visualize the
needle during a nerve block?
In three of the studies described above, one person
performed all the blocks, but in the others there was no
mention of different researchers performing the blocks. The
next stage would be to look at the use of ultrasound by a
number of different anaesthetists using modern, affordable
and portable equipment in a typical clinical setting.

Is the combination of ultrasound and nerve
stimulation the `dream ticket' for those who
practise regional anaesthesia?
It appears that the use of ultrasound can help prevent
accidental puncture of blood vessels and the pleura, but that
it does not prevent paraesthesiae.10 The use of a nerve
stimulator avoids the need to elicit paraesthesiae and has
been claimed to reduce nerve damage, although this is
contentious.18 Certainly, the use of a nerve stimulator does
not eliminate the risk of nerve damage. Using ultrasound
might help prevent nerve damage, but this hypothesis
remains to be tested.
In summary, we have a technique for peripheral nerve
identi®cation which is being used increasingly in research
and appears to offer better accuracy and safety, but is
technology-dependent and expensive. The high cost will
limit its immediate general availability, but continued
technical development and cost reduction will change this
ultimately. Any method that offers even the possibility of
improved accuracy in identifying the positions of the nerves
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Editorial II
Effects of anaesthetic agents on airway smooth muscles
It is important for anaesthetists to know how anaesthetic
agents that are used clinically can affect airway smooth
muscle tone, as patients with airway hyper-reactivity such
as asthma or emphysema regularly present for anaesthesia.
Hirshman and Bergman1 ®rst reviewed the factors in¯uencing intrapulmonary airway calibre during anaesthesia.
Subsequently, many investigators have reported direct and
indirect effects of several anaesthetic agents on airway
smooth muscle tone, using appropriate and sophisticated
techniques. It is essential ®rst to understand the basic
physiology of the regulation of airway smooth muscle tone.

Regulation of airway smooth muscle tone
Airway smooth muscle tone is determined by the balance of
constrictor and dilator mechanisms, which, in turn, are
mediated by receptors and channels on the surface of
smooth muscle cells. Activation of these receptors and
channels alters the intracellular concentration of free Ca2+
([Ca2+]i), which itself controls the contractile state of
muscle through the Ca2+-dependent stimulation of myosin
light chain kinase (MLCK) (Fig. 1E). The active kinase then
switches on myosin by phosphorylation of its 20-kDa
subunits. However, the sensitivity of Ca2+ is not ®xed. It is
possible under certain circumstances to increase muscle
tone without increasing [Ca2+]i by altering the relationship
between [Ca2+]i, and tension.2 At least two cellular mechanisms contribute to increases in [Ca2+]i: Ca2+ release from
intracellular stores and Ca2+ in¯ux through cell membraneassociated Ca2+ channels, especially voltage-dependent
Ca2+ channels (VDCCs).3 The mechanisms of Ca2+
mobilization depend on the agent inducing the contraction
and on the duration of the contractile stimulus.
Pharmacological agonists such as acetylcholine initiate
contraction by binding to G protein (Gq)-coupled receptors
to activate phospholipase C (PLC), which generates inositol
1,4,5-triphosphate (IP3) and diacylglycerol (DAG). The
latter activates protein kinase C (Fig. 1D), whereas IP3
mobilizes Ca2+ from the sarcoplasmic reticulum (Fig. 1E).
In contrast, agents such as K+ at a high concentration induce
contraction by depolarizing the cell membrane in a graded
manner with resultant activation of VDCCs. However, entry
of extracellular Ca2+ is necessary for maintenance of
contraction under both sets of conditions.2

Research techniques used in this area
Each research group in this area has their own research
technique. Brown's group3 (Johns Hopkins University,
USA) and Hirota's group4 (Hirosaki University, Japan)
are measuring rather distal airway diameter using highresolution computed tomography (CT) and super®ne
®breoptic bronchoscope techniques, respectively (Fig. 1A).
Yamakage's group2 5 (Sapporo Medical University, Japan)
has succeeded in simultaneously measuring airway smooth
muscle tension and [Ca2+]i during exposure to various
anaesthetic agents, using a ¯uorescence technique (Fig. 1B).
Warner's group6 (Mayo Clinic, USA) is using a skinned
®bre technique (Fig. 1B), which can ®x [Ca2+]i and measure
the Ca2+ sensitivity. Since 1995, Yamakage's group7 8 has
also been using an electrophysiological technique to clarify
the effects of anaesthetic agents on Ca2+ and K+ channels,
which regulate Ca2+ in¯ux and membrane potential,
respectively (Fig. 1C). The importance of the b-receptor in
asthmatics is currently being investigated by Emala's
group9 (Columbia University, USA) using biochemical
techniques (Fig. 1D). Other intracellular second messengers,
cAMP and IP3, have been investigated, particularly by
Shibata's group10 (Nagasaki University, Japan), using
radioimmuno/enzyme immunoassay techniques (Fig. 1E).
As in other tissues, the mechanisms of action of anaesthetic
agents have been clari®ed over the past decade using these
advanced techniques.

Inhibitory actions of volatile anaesthetics on
airway smooth muscle

As volatile anaesthetics are potent bronchodilators,1 many
investigators have been trying to clarify the mechanisms
underlying their actions. Both Yamakage,2 and Warner and
colleagues,11 using the Ca2+ indicator fura-2, demonstrated
that relaxation of contracted tracheal smooth muscle by
volatile anaesthetics at clinically relevant concentrations is
associated with a decrease in [Ca2+]i. Although the decrease
in [Ca2+]i caused by the volatile anaesthetic seems to be the
main mechanism, a decrease in Ca2+ sensitivity because of
inhibition of the activity of protein kinase C has also been
reported.2 As sustained contraction of airway smooth
muscle requires the continued entry of extracellular Ca2+,
and as block of VDCCs by dihydropyridines-sensitive Ca2+
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