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Abstract

This thesis compares the endocrine and metabolic response to cataract
extraction in patients receiving either general or local anaesthesia.
Under general anaesthesia, plasma cortisol concentrations increase more than
tw o-fold during cataract surgery, with smaller changes in circulating glucose and
catecholamine concentrations. Both retrobulbar and peribulbar anaesthesia
completely

abolish

these

changes.

Retrobulbar

blockade

also

improves

cardiovascular stability, as measured by changes in heart rate and mean arterial
pressure. When retrobulbar blockade is combined with general anaesthesia, changes
in circulating cortisol and glucose concentrations are prevented during surgery, but
there is a marked increase in cortisol concentration during the immediate
postoperative period.
Similar increases in cortisol concentration are seen in non-insulindependent diabetic (NIDDM) patients receiving general anaesthesia. The glycaemic
response is greater in NIDDM than in non-diabetic patients, and there is a failure
of insulin secretion postoperatively in the diabetic patients receiving general
anaesthesia.

Retrobulbar blockade maintains hormonal and metabolic stability,

which is important in these patients, in whom cataracts are a common
complication.
The results of a postoperative questionnaire on 231 patients following
cataract surgery under either general or local anaesthesia show the acceptability of
both techniques. There is significantly less nausea and sore throat in the local
anaesthetic patients, but more bruising of the eye. There is no difference in the
severity of postoperative pain, but local anaesthetic patients drank and ate much
earlier following their operations.
The results provide evidence of the benefits of local anaesthesia for cataract
surgery in the elderly patient. Both peribulbar and retrobulbar blockade prevent the
metabolic and hormonal changes seen when surgery is performed under general
anaesthesia and provide better cardiovascular stability. The findings are particularly
important to the diabetic patient.
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Chapter One

Anaesthesia for cataract surgery

Cataracts can be congenital, senile, associated with metabolic disorders or
traumatic in origin. They are associated with dystrophia myotonica, inborn errors
of metabolism, chromosomal abnormalities, diabetes mellitus and steroid therapy.
The senile variety are the most common, with 46% of people over 75 years of age
having cataracts (Kahn et al, 1977). Surgical management of cataracts has changed
over the last few years. Hodgkins and colleagues (1992) conducted a survey of
surgical practice by consultant ophthalmologists in England and Wales. They
obtained an 86% response rate, and showed that the most common technique in
cataract surgery is non-automated extracapsular extraction, routinely undertaken
by 53% of consultants. 93% performed some variant of extracapsular surgery and
99% of surgeons routinely implanted an intraocular lens. This contrasts with 1985,
when only 34% of consultants regularly performed extracapsular extraction, and
less than 50% implanted an intraocular lens (Wong and Steele, 1985).
Anaesthesia can contribute to the success or failure of ophthalmic surgery.
The requirements for such surgery are anaesthesia, akinesia and hypotonia, that is
to say, the surgeon requires a still, soft eye. Movement of the eye unexpectedly
during a delicate part of surgery can lead to blindness. In one study, 30% of eye
injury claims associated with anaesthesia were due to patient movement during
ophthalmic surgery, leading to blindness in all cases (Gild et al, 1992). This
occurred under both general and local anaesthesia. Intraocular pressure (lOP) needs
to be controlled before, during and after the procedure for a successful outcome.
An understanding of eye anatomy and physiology, and the effects of anaesthesia
13

on lOP, is important when making anaesthetic decisions for eye surgery.

History
Anaesthesia for cataract surgery has evolved over the past century. The
discovery of cocaine as a local anaesthetic by Koller in 1884, led to the use of
topical anaesthesia for eye surgery. In the same year, Knapp described the
technique of retrobulbar anaesthesia (Knapp, 1884), but it was not until 50 years
later, with the introduction of better local anaesthetic agents, that it became
generally accepted. Local anaesthesia, whether topical or by retrobulbar blockade,
was the anaesthetic method of choice because of the eye's accessibility and the
disastrous effects of coughing under general anaesthesia.
As general anaesthesia evolved, the physiology of the eye was understood
and new anaesthetic agents and techniques became available, general anaesthesia
became more popular. With general anaesthesia, a still eye can be provided
relatively easily and lOP can be controlled. However, the patients are often elderly
and may have associated medical diseases, such as hypertension, heart disease,
respiratory problems or diabetes.
General anaesthesia became the method of choice, partly fuelled by the
patients' expectations of being asleep for their operation. However, in recent years,
local anaesthesia has seen a revival with more operations performed under
retrobulbar or peribulbar blockade. Regional anaesthesia is suitable for a wide
variety of eye operations, including cataract extraction, trabeculectomy, vitrectomy
and strabismus repair. Cataract surgery is by far the most common ophthalmic
operation done under local anaesthesia. Almost all cataract surgery is performed
under local anaesthesia in the United States and India, while in the United
Kingdom, 50% is still performed under general anaesthesia (College News, 1992).
14

However, the pattern is changing (Wong, 1993).

Anatomy
The wall of the eyeball is made up of three coats (Fig 1.1). The outer
fibrous coat is an extension of the durai sheath of the optic nerve, and consists of
the sclera posteriorly and the cornea anteriorly. The middle coat is continuous with
the arachnoid and pia mater. This is the vascular layer, and consists of the choroid,
the ciliary body and the iris. The inner coat, the retina, is an expansion of the
neuronal tissue of the optic nerve. The body of the eyeball is filled with vitreous
humour, the lens and the aqueous humour.

Intraocular pressure
Normal intraocular pressure (lOP) is 1.3-2.6 kPa (10-20 mmHg) (MacRae,
1990) and is maintained by a balance between the production and drainage of
aqueous humour. Aqueous is formed partly as an ultrafiltrate and partly as a
secretion from the ciliary plexus. It passes into the anterior chamber, where it is
drained into the canal of Schlemm and the episcleral veins. If the outflow is
obstructed, such as in glaucoma, the eyeball, surrounded by its inelastic sclera, is
unable to expand, and the pressure increases.
Other important influences on lOP are changes in choroidal blood volume
(CBV), systemic arterial and central venous pressures, CO2 tensions, and
extraocular muscle tone. Sudden increases in systemic arterial blood pressure cause
a transient swelling of CBV, and thus a brief rise in lOP, but lOP is more affected
by changes in central venous pressure (CVP) (Murphy, 1985). Coughing, straining,
emesis and the Valsalva manoeuvre all significantly increase CVP and thus
increase lOP. Coughing can increase lOP to 30-40 mmHg. CBV, and thus lOP,
15

also increases in response to respiratory acidosis, hypercarbia and hypoxia. Thus
allowing the patient to hypoventilate during anaesthesia will cause an increase in
lOP. Carefully maintained anaesthesia with mild hyperventilation and a gentle
head-up tilt produces optimum venous and ocular pressures.
Most anaesthetic agents reduce lOP by relaxing extraocular muscle tone,
depressing the central nervous system, improving the flow of aqueous humour and
lowering venous and arterial blood pressure. Halothane, enflurane and isoflurane
have all been shown to reduce lOP to a similar degree (Runciman et al, 1978;
Ausinsch et al, 1975; Eamshaw, 1984). However, suxamethonium and ketamine
may increase TOP. The effect of ketamine varies. Recent data suggest that lOP is
not affected when ketamine is given after a diazepam premedication (Cunningham
and Barry, 1986). Suxamethonium causes a transient but significant increase in
lOP of 10-20 mmHg lasting 4 -6 min (Donlon, 1994). This is not due solely to the
muscle fasciculations caused by suxamethonium, since sectioning the recti eye
muscles does not prevent the rise in lOP (Donlon, 1994). The increase in lOP with
suxamethonium may depend on timing and dose, on a direct effect of
suxamethonium on CBV or aqueous formation, or on the special tonic response of
the extraocular muscles because of their unique morphological structure (the
Felderstruktur) (Cunningham and Barry, 1986).
Laryngoscopy and endotracheal intubation are the anaesthetic interventions
most likely to increase lOP and can cause a rise of 10-20 mmHg (Murphy, 1985;
Cunningham and Barry, 1986). This may be related to sympathetic cardiovascular
responses to intubation, and various pretreatments have been tried to overcome this
response. These include the use of intravenous lignocaine and alfentanyl
(Badrinath, Braverman and Ivankovich, 1988), oral clonidine (Ghignone et al,
1988), intravenous dexmedetomidine (Jaakola et al, 1992) and intranasal
16

nitroglycerine (Mahajan, 1988).

Akinesia
Akinesia, or lack of movement of the eye, can be easily obtained with
general anaesthesia (GA), but can also be produced under local anaesthesia (LA).
The globe is moved by four rectus muscles (superior, medial, inferior and lateral)
and two oblique muscles (superior and inferior). Together the four rectus muscles
produce a cone with the point at the orbital apex and the base at the equator of the
globe. (Fig 1.2) Within this cone, lie the optic nerve, artery, vein and the ciliary
ganglion. Local anaesthetic solution is deposited inside the cone for retrobulbar
blockade, and outside it for peribulbar blockade. Computed tomography (CT)
scanning following these LA blocks has demonstrated that the anaesthetic solution
can spread freely between the inside and outside of the cone, wherever it is
deposited (Ropo et al, 1991).
The orbicularis muscle also needs to be immobilised or the patient may
squeeze the eyelids, which interferes with surgery and increases lOP. This muscle
is supplied by the facial nerve and akinesia can be achieved by blocking the facial
nerve at its terminal branches (described by van Lint in 1914), superior branches
(Atkinson block) (Atkinson, 1953) or proximal trunk (O’Brien or Nadbath block)
(Nadbath and Rehman, 1963). Facial nerve block can be painful. It is uimecessary
with peribulbar blockade, where the larger volumes of LA used, combined with
orbital decompression devices, lead to effective spread from the orbit through the
orbital septum to provide eyelid akinesia. It has also been shown that a 3 ml
retrobulbar injection of LA gives adequate orbicularis akinesia in 88% of patients
(Martin, Baker and Muenzler, 1986). However, younger patients present more of
a challenge in achieving total akinesia than the elderly because denser connective
17

tissues hinder access of anaesthetic agents to the oculomotor nerves (Morsman and
Holden, 1992).

The oculocardiac reflex
Traction on the extraocular muscles, or pressure on the globe, can induce
cardiac arrhythmias, most commonly sinus bradycardia, and even asystole can
occur. The afferent fibres of this oculocardiac reflex (OCR) run in the short and
long ciliary nerves to the ciliary ganglion, then via the ophthalmic division of the
trigeminal nerve to the gasserian ganglion in the floor of the 4th ventricle (Donlon,
1994). The efferent fibres run in the vagus. The OCR is seen most commonly in
operations performed under GA, usually in strabismus or retinal detachment
surgery, where considerable traction can be applied to the globe. The afferent
pathway can be blocked by regional anaesthesia, and the combination of regional
techniques with GA has been used to prevent the reflex (Jedeikin and Hoffman,
1977). However, pressure on the globe can also initiate the OCR, thus rapid
distension of the tissues by local anaesthetic solutions or haemorrhage, or
application of pressure to the globe too soon after the block, may induce
dysrrhythmias (Wong, 1993). LA blocks cannot be relied upon to protect against
the reflex, and sinus arrest has occurred with traction under both retrobulbar
(Smith, Douglas and Petruscak, 1972) and peribulbar (Batterbury et al, 1992)
blockade.

Local anaesthetic blocks
Retrobulbar or intracone block (Fig 7.4) as described by Knapp (1884), has
been used successfully for many years to provide analgesia for ophthalmic surgery.
A small volume of local anaesthetic solution (3 ml) is placed intraconally in mid
18

orbit. Care is taken to avoid the orbital contents, which include the optic nerve and
ophthalmic artery.
Peribulbar or pericone block was described by Davis and Mandel (1986),
and has become the technique of choice in recent years. Local anaesthetic solution
is injected outside the cone (Fig 7.5), avoiding the intraconal structures, and thus
carrying a lower risk of serious complications. Hamilton, Gimbel and Strunin
(1988) have shown that safe, comfortable and effective analgesia and akinesia can
be obtained with this technique. There are many variations of the peribulbar
technique, with injections placed in one or more sites, commonly in the
inferotemporal and the superonasal quadrants; or with a single injection just medial
to the caruncle (Brahma et al, 1994).
Reports of rare, but serious, complications of intraconal anaesthesia have
prompted the concept of non-akinetic methods of regional anaesthesia for cataract
extraction surgery. Subconjunctival injection has been described (Petersen and
Yanoff, 1991), where a small volume of local anaesthetic is injected near the
superior limbus, mainly for anterior segment surgery. S u b -T en o n 's block
(Tsuneoka et al, 1993) produces better iris and anterior segment anaesthesia than
subconjunctival injection. Here, the local anaesthetic solution is injected into subTenon's space within Tenon's capsule. The degree of abolition of extraocular
muscle movement is proportional to the volume and depth of the injectate.
Recently there has been a réintroduction of topical corneoconjunctival
anaesthesia for cataract extraction (Harr, 1991). The iris and the ciliary muscle
retain their sensitivity, especially in the young and anxious patient (Grabow, 1993).
Patients with dense or trauma-induced cataracts, those with small pupils which fail
to dilate and those with macular degeneration, are best managed with other forms
of anaesthesia.
19

Two excellent reviews on regional anaesthesia for ophthalmic surgery have
been published recently (Wong, 1993; Hamilton, 1995). They highlight the
discussions which have taken place, not only over which block to perform, but
over the best manner in which to perform it, the equipment and the local
anaesthetic solutions to use, whether or not to use sedation, and the role of the
anaesthetist.

Eye position
It is generally agreed that the best position for the eye during retrobulbar
block is in the primary gaze position. Traditional teaching required the patient to
look "up and in" during needle placement. This has now been shown, using
computerized tomography in cadavers (Unsold, Stanley and DeGroot, 1981) and
magnetic resonance imaging in a normal subject (Liu, Youl and Moseley, 1992),
to displace the optic nerve downward and outward and to bring it closer to a
needle passed intraconally. With the globe in the primary gaze position, the optic
nerve remains mobile and away from the needle.

Needles
Discussion has also taken place over the type of needle used for eye blocks.
Sharp, fine-gauge needles are less painful for the patient, but may not show any
appreciable change in resistance should the globe or optic nerve be penetrated.
Blunt, or short-bevelled needles may show some resistance, and thus it is believed
that they may reduce the risk of these complications. However globe penetration
and optic nerve injury can still occur (Duker et al, 1991; Pautler et al, 1986;
Joseph et al, 1991). Although Hay and colleagues (1991) showed no difference in
the severity of injury and visual outcome between the use of sharp or blunt
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needles, Grizzard and colleagues (1991) reported that, unless there were multiple
exit wounds, visual acuity was better preserved where the globe had been
perforated with a sharp needle. It has also been shown, on rat sciatic nerves, that
short bevelled needles do more damage than long bevelled needles (Rice and
McMahon, 1992).
Needle length is also important, as optic nerve perforation and brainstem
anaesthesia are usually associated with needles of 35mm or longer. Curved needles
have been designed to try to reduce the risks of retrobulbar injections (Straus,
1988). However there is doubt about their effectiveness (Grizzard et al, 1991). All
needles used should be orientated tangentially, with the bevel opening towards the
globe (Hamilton, 1995).

Pressure reduction
Intraocular pressure is increased after local anaesthetic injections, and many
different devices have been designed to reduce this. These include the Honan
balloon (Jay et al, 1985), the Storz Autopressor (Ropo et al, 1990) and the Nerf
ball (Drews, 1982). Injection of 4ml of retrobulbar LA has been shown to increase
lOP by an average of 6.2 mmHg (range 1-17 mmHg) (Palay and Stulting, 1990).
The Honan balloon decreased this to below baseline levels within 2.5 min.
Continuous application caused a further gradual decrease in lOP of 0.35
mmHg/min over the next 10 minutes.

Local anaesthetic solutions
Any of the LA agents may be used for ocular anaesthesia, the commonest
being a mixture of lignocaine and bupivacaine (Hamilton, Gimbel and Strunin,
1988; Fry and Henderson, 1990). Lignocaine is used for its fast onset, bupivacaine
21

for its prolonged duration of action. Adrenaline can be added to increase the extent
of the block and prolong its duration, and a concentration of 1:200,000 is devoid
of systemic effects (Sarvela, Nikki and Paloheimo, 1993). However in blinded
studies, adrenaline does not appear to improve the quality, or effectiveness, of the
block (Morsman and Holden, 1992). It has been shown to decrease ophthalmic
artery pressure by 50%, and so should probably not be used in patients with a
compromised circulation (Hoven, 1978).
Hyaluronidase hydrolyses the Q - Q

bonds between glucosamine and

glucuronic acid in ground substance, thus promoting the diffusion of the
anaesthetic through the tissues (Wong, 1993). It has been shown to promote spread
within the orbit, speeding the onset of the block and enhancing akinesia. 7.5 lU/ml
is a sufficient concentration (Morsman and Holden, 1992; Sarvela and Nikki,
1992).

Painless local injections
Various measures have been suggested to reduce discomfort for the patient
during the performance of the LA block. Local anaesthetic drops can be introduced
into the eye initially to anaesthetize the conjunctiva; the injection is subsequently
made through the conjunctiva rather than transcutaneously (Hamilton, 1995). A
solution made up by adding 1.5 ml of any full-strength local anaesthetic to 15 ml
of balanced salt solution produces a virtually pain-free injection, and 1ml of this
solution is injected first (Farley, Hustead and Becker, 1994). The full strength LA
solution, warmed to body temperature (Bloom, Scheie and Yanoff, 1984), can then
follow painlessly.
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Role of anaesthetists
It has been argued that retrobulbar anaesthesia should be performed by
ophthalmologists (Lichter, 1991) because of their knowledge of the anatomy and
physiology of the orbit and the reported higher incidence of globe perforations
when the block was performed by anaesthetists or nurse anaesthetists (Grizzard et
al, 1991). However, there are also reports of anaesthetists performing large
numbers of blocks with very few complications (Hamilton, Gimbel and Strunin,
1988; Kimble et al, 1987). The anaesthetist can play an important role in the
perioperative care of these elderly patients who may have systemic disorders which
need stabilisation. Indeed, the Report of the Joint Working Party on Anaesthesia
in Ophthalmic Surgery (1993) recommends that the best practice is for the
anaesthetist to be responsible for advising on the use of LA or GA in a particular
patient, prescribing sedation if necessary, giving the LA block, providing
intravenous access and supervising postoperative recovery. The report emphasises
that the surgeon cannot be expected to monitor the patient’s condition while
performing the operation, and recommends that an anaesthetist should be present
to monitor the patient and to provide resuscitation should it be required.

Sedation
Sedation is defined as the use of a drug, or drugs, which produces a state
o f depression of the central nervous system, while maintaining verbal contact. Loss
o f consciousness is a state of anaesthesia with all its attendant risks, and should not
occur. Sedation may lead to airway problems, decreases in oxygen saturation,
restlessness or sudden arousal. It cannot take the place of an inadequate block
providing poor analgesia. Many of the reported complications of retrobulbar and
peribulbar blockade, such as respiratory depression (Wittpen et al, 1986), brainstem
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anaesthesia (Javitt et al, 1987) and cardiopulmonary arrest (Rosenblatt, May and
Barsoumian, 1980), have occurred in patients who have been sedated. Thus
sedation requires careful management and constant monitoring by an anaesthetist.
In the survey of Hodgkins and colleagues (1992) of consultant ophthalmologists
in the United Kingdom, 45% of surgeons said they preferred their patients to be
sedated while performing surgery under LA. The sedation used is most frequently
given by the oral route (26%) but intravenous sedation is used routinely by 11%,
increasing to 21% among those surgeons using LA "frequently" (more than 75%
of cases).
However, Rubin (1990) suggested that patients generally tolerate the
procedure very well and not more than 1% should require minimal sedation. This
is backed up by the experience of Strunin and Lewis (1991) in Alberta, Canada,
who found the incidence of complications reduced dramatically when the use of
sedative drugs was stopped. Operating on an awake, cooperative patient is the
safest scenario.

General anaesthesia
There have been several changes in general anaesthesic practice over recent
years which have allowed general anaesthesia to remain a popular choice for many
patients, particularly in the United Kingdom. The introduction of the laryngeal
mask, providing the anaesthetist with control of the airway without the need for
intubation,

has

decreased

the

arterial pressure

changes

associated

with

laryngoscopy and intubation (Moffat and Cullen, 1995) and allowed smoother
inductions with less likelihood of an increase in TOP. The use of the laryngeal
mask is also associated with less coughing and breath-holding at the end of the
operation (Holden et al, 1991; Denny and Gadelrab, 1993), which also favours a
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lower lOP (Myint et al, 1995).
The introduction of new anaesthetic agents has allowed a more rapid return
to consciousness, providing an extra margin of safety in this elderly group of
patients. Propofol is an induction agent providing a smooth induction and a rapid,
pleasant recovery profile. Newer inhalational agents, such as isoflurane, desflurane
and sevoflurane, also allow rapid recovery. The new muscle relaxant, mivacurium,
reverses easily at the end of the operation without the need for neostigmine.
Alternatively, the patient can be allowed to breathe spontaneously on a laryngeal
mask allowing a smooth recovery and a faster theatre turn-round time.

Day care
Day case surgery is increasingly widespread in Great Britain, and its cost
effectiveness and popularity with patients are well established (Ogg and Obey,
1987). More cataract surgery is conducted on a day stay basis, reducing waiting
lists and costs. Most of this surgery is performed under LA (Watts and Pearce,
1988), but with the newer anaesthetic agents and techniques, GA is also possible.
Both Moffat and Cullen (1995) and Strong and colleagues (1992) have shown that
GA is feasible for day case cataract surgery, providing strict admission criteria are
followed. Moffat and Cullen (1995) used two different GA techniques and showed
that all their patients were deemed fit for discharge 2h after surgery.

In conclusion, both GA and LA are widely used for cataract surgery, the
choice commonly being dictated by surgeon and/or patient preference. Chapter
Three will review the studies which have been done to compare and contrast the
effects of these two techniques on different aspects of eye surgery.

25

Posterior
chamber

iris

Pupil

Cornea

Anterior chamber

Corneal endothelium
Canal of Schlemm
— Conjunctiva
Ciliary body

Retina
Choroid
Sclera

Central retinal
vein and artery
Dura
CSF space
Pia

F ig 1.1

Optic nerve

C ross section o f the eye
(from Anaesthesia Volume 1, 1990: edited by Nimmo WS & Smith G;
P533: Blackwell Scientific Publications)

26

Fig 1.2
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Chapter Two

The endocrine and metabolic response to surgery

The endocrine and metabolic changes which occur with surgery or trauma,
commonly known as the "stress response", result in substrate mobilisation, a
negative nitrogen balance, potassium loss and sodium and water retention. Surgery
is associated with an increase in pituitary hormone secretion, with increased
circulating concentrations of adrenocorticotrophic hormone (ACTH), p endorphin,
growth hormone (GH), prolactin and arginine vasopressin (AVP). Stimulation of
the sympathetic nervous system causes an increase in circulating adrenaline and
noradrenaline concentrations. The increased secretion of ACTH causes a
corresponding increase in plasma cortisol concentrations, and aldosterone and renin
values are also elevated. Coinciding with this increase in catabolic hormone
secretion, there is suppression of the anabolic hormones, testosterone and insulin.
These hormonal changes are responsible for the substrate mobilisation which
occurs. Catecholamine secretion leads to hyperglycaemia; the increase in blood
glucose is roughly proportional to the severity of the surgical trauma. Suppression
of insulin and the increase in cortisol concentrations also play a part.
Postoperatively, insulin secretion increases, but is ineffective (insulin resistance)
and the hyperglycaemia is maintained. The increase in blood glucose is due to a
rise in production, first by glycogenolysis, then gluconeogenesis in the liver and
kidney, together with a decreased rate of utilisation by the peripheral tissues.
Mobilisation of fatty acids and glycerol from adipose tissue is also under
the control of catecholamines, P-adrenergic stimulation causing lipolysis, and of
insulin, which is lipogenic. Thus an increase in non-esterified fatty acids (NEFA),
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commonly used to assess fat metabolism, might be expected during surgery.
However, there is usually little change in NEFA values, although extradural
anaesthesia for pelvic surgery has been shown to be associated with a reduction
in plasma NEFA and glycerol as a result of sympathetic blockade (Kehlet et al,
1979; Cooper et al, 1979).
Protein breakdown is a major part of the body's response to surgical trauma,
as quantified by an increase in the urinary excretion of nitrogen. Patients can lose
0.5kg of lean tissue per day (Johnston, 1964). The amino acids released from
muscle, particularly glutamine and alanine, are used for essential protein synthesis
and gluconeogenesis in the liver, ensuring the maintainance of the supply of
glucose. The proteins synthesised are the acute-phase proteins such as C-reactive
protein, proteins of the complement series, fibrinogen, a^-antitrypsin, serum
amyloid A and caeruloplasmin, and are produced at the expense of the oncotically
active protein, albumin. The factors responsible for this protein loss are not fully
understood. The catabolic hormones appear to have only a minor role, but the lack
of, and later resistance to, circulating insulin is probably important, and the
cytokines are now thought to be important mediators.
These hormonal changes and the ensuing metabolic effects have been
described in detail by Traynor and Hall (1981) and reviewed recently by
Desborough and Hall (1993).

Initiation of the metabolic and hormonal response to surgery
There are thought to be two main initiators of the stress response to surgery,
namely afferent neuronal input from the operative site, both somatic and
autonomic, and the release of cytokines from damaged tissue resulting from
surgical trauma.
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Afferent neuronal input from the surgical site activates hypothalamopituitary hormone secretion and the sympathetic nervous system. As early as 1959,
Hume and Egdahl were able to demonstrate the important role of somatic afferent
fibre activity in initiating the hormonal changes, by showing that section of
peripheral nerve, spinal cord or medulla oblongata could prevent the adrenocortical
response to limb injury in animals. More recently, the use of extradural anaesthesia
has demonstrated how autonomic afferent activity is also important in the initiation
of the response. (See Chapter Three).
Damaged tissues, resulting from either surgery or accidental injury, release
cytokines. The cytokines are a group of low-m olecular-weight glycoproteins that
include the interleukins (IL 1-15 so far), the interferons and tumour necrosis factor
(T N F -a and -P ) (Hall and Desborough 1992). They are synthesised mainly by
cells of the macrophage and monocyte series, but are also produced by many other
cell types, such as fibroblasts, glial cells and endothelial cells. T N F -a and I L -ip
are thought to be mediators of the sepsis syndrome (Bone 1991).
Interleukin -

6

is the main cytokine released after routine surgery, becoming

detectable 2 -4 h after the onset of surgery. Circulating I L - lp and T N F -a values
do not change. Cruickshank and colleagues (1990) have shown that the IL - 6
response is proportional to the severity of the surgery. Surface surgery was
associated with only a transient increase in IL - 6 whereas major vascular surgery
and hip arthroplasty were associated with large and sustained rises in circulating
values.
The biochemical and immunological aspects of IL -

6

have been reviewed

by Heinrich and colleagues (1990) and Van Snick (1990). Interleukin -

6

stimulates

acute phase protein synthesis in the liver; a good correlation was observed between
the increase in circulating IL -

6

values during surgery and the increase in serum
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C -reactive protein (GRP) (Cruickshank et al, 1990). It also has effects on the
immune system and haematopoiesis, which include B cell proliferation and T
differentiation, T cell costimulation and plasmacyte proliferation (Hall and
Desborough, 1992). Spangelo and colleagues (1989) and Imura, Fukata and Mori
(1991) have shown a possible role of IL - 6 in the control of anterior pituitary
hormone secretion, suggesting a link between the endocrine and immune systems.
Other factors can also alter the stress response to surgery. These include
anxiety, fear, dehydration and starvation preoperatively, and fluid or blood loss and
hypothermia intraoperatively. Postoperatively, infection, hypoxia, immobilisation
and alteration of diurnal rhythms may also affect the response (Desborough and
Hall, 1990). Salmon (1992) has shown that patients' personality and preoperative
mental state influence not only surgical recovery, but also alter catabolic hormone
secretion after surgery. However, none of these factors, except severe haemorrhage,
is able to initiate the hormonal and metabolic changes.

Modification of the metabolic and endocrine response to surgery
There are two main methods available for modifying the metabolic and
endocrine response to surgery. First, the use of afferent neuronal blockade to
inhibit both somatic and autonomic impulses from the site of trauma; secondly,
large doses of opiate analgesics can be given intravenously to block hypothalam icpituitary function. Neither of these two techniques are completely effective in all
situations. Autonomic afferent fibre activity is difficult to abolish in many surgical
sites, and high-dose opiate anaesthesia is inappropriate for many surgical
operations, because of the respiratory depression that follows.
Hormonal manipulations have also been tried, either using agents to inhibit
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the secretion or action of the catabolic hormones, or infusing anabolic hormones,
such as insulin. A lpha- and p-adrenoceptor blocking drugs have been given but
the results are conflicting. Beta-adrenoceptor blockade with propanolol 0.15mg/kg
had little effect on circulating metabolites during pelvic surgery, but caused an
even greater insulin suppression than that observed in a control group (Cooper et
al, 1980). However, propanolol 0.3mg/kg was found to inhibit the surgically
induced increase in plasma glucose, lactate and free fatty acids values (Tsuji et al,
1980). Alpha-adrenoceptor blockade with phentolamine, infused at 0.5mg/min to
patients undergoing pelvic surgery, resulted in an increase in insulin secretion and
a decrease in the glucose response (Walsh et al, 1982).
Growth hormone administration improved nitrogen balance in bum patients
(Wilmore et al, 1974), probably as a result of the increase in insulin secretion,
while the administration of somatostatin, which inhibits the secretion of insulin,
glucagon and growth hormone, caused a small decrease in the hyperglycaemic
response to major abdominal surgery, together with a reduction in glucagon
secretion (Hall, 1985). This effect on blood glucose occurred even though plasma
insulin concentration was further decreased by the somatostatin, showing that
glucagon contributes to the rise in hepatic glucose output during major abdominal
surgery.
Hall and colleagues (1983) investigated the effects of a low -dose insulin
infusion on circulating metabolites during pelvic surgery. Blood glucose was found
to decline progressively, together with a reduction in plasma NEFA values,
showing an inhibition of lipolysis. Cortisol secretion was unaffected, and
sympathetic activity may have even been enhanced as shown by an augmented
lactate response.
Nursing patients in a thermoneutral environment may help to mitigate the
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response to surgery. Cuthbertson and colleagues (1972) reported a decrease in
protein catabolism in patients with major fractures of the lower limb maintained
at an environmental temperature of 28-30°C, while Carli, Clark and Woollen
(1982) found a reduction in postoperative nitrogen loss when they prevented heat
loss with space blankets, warmed intravenous fluids and a hot-w ater mattress.
However, Spivey and Johnston (1969) were unable to show any improvement in
nitrogen balance by raising the environmental temperature from 24°C to 29°C after
surgery.
Cytokine secretion occurs in response to tissue damage and therefore cannot
be modified by the use of neuronal blockade. Moore and colleagues (1994) found
that epidural analgesia had no effect on the IL -

6

changes after pelvic surgery.

Large doses of alfentanil, however, may decrease IL - 6 secretion (Crozier et al,
1994). Schulze and colleagues (1992) investigated the use of high-dose steroids,
such as prednisolone 30mg/kg intravenously. They found that IL - 6 production was
attenuated, but there were associated problems with wound healing and dehiscences
of intestinal anastomoses.
The following chapter will review the effect that anaesthesia has on the
endocrine and metabolic changes which occur with surgery.
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Chapter Three

Literature Review

This literature review will be presented in two parts. Firstly, studies will be
reviewed that compare the way general and local anaesthesia affect the metabolic
and hormonal response to surgery. Secondly, there will be a review of the studies
performed to compare the effects of local and general anaesthesia on cataract
surgery.

Effect of anaesthesia on the metabolic and hormonal responses to surgery
Much work has been done to study the effect that anaesthesia has on the
stress response to surgery. The subject has been reviewed by Kehlet (1984) and
Hall (1985) and more recently by Hall and Desborough (1996).

Regional Anaesthesia
The effect of epidural anaesthesia with local analgesics on the metabolic and
hormonal response to pelvic surgery has been investigated extensively by Kehlet
and colleagues (Kehlet, 1982; Kehlet, Brandt and Rem, 1980). Neither spinal nor
epidural anaesthesia alone affected plasma cortisol, growth hormone, lactate, free
fatty acids or ketone concentrations (Kehlet, 1982). However, plasma adrenaline
and noradrenaline concentrations decreased progressively as the sensory level
extended to T 9 - T 1 0 and higher (Pflug and Halter, 1981). High thoracic blocks (to
T 2 - T J also inhibited the insulin response to glucose, while low dermatome
blockade (Tg-T^o) had no effect on pancreatic islet function (Halter and Pflug,
1980). This suggests that resting adrenergic tone is important for normal pancreatic
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islet cell function.
Epidural blockade extending from T 4 - S 5 has been shown to inhibit
completely the glucose and cortisol response to pelvic surgery (Enquist et al,
1977). However, a less extensive block, from T^-S^, while providing excellent
analgesia and abolishing the hyperglycaemic response, failed to prevent the
increase in cortisol concentration. These findings showed that not only somatic
afferent, but also sympathetic afferent blockade was necessary to prevent activation
of pituitary secretion and thus cortisol production. The less extensive blockade was
able to abolish the glucose response because of efferent blockade of the adrenal
medulla preventing catecholamine secretion.
Although an epidural blockade from T 4 - S 5 established before the onset of
surgery is able to abolish the changes in circulating hormones and metabolites,
Moller and colleagues (1982) showed that such a block, established after surgery
had started, caused a decrease in blood glucose, but did not affect the plasma
cortisol. Once the hypothalamic-pituitary-adrenal axis has been activated, afferent
neuronal blockade is ineffective. Moore and colleagues (1994) have shown that the
cytokine-mediated responses to pelvic surgery, such as acute phase protein
synthesis and a decrease in the divalent cations (Fe^^ and Zn^^), are not altered by
epidural anaesthesia.
Spinal anaesthesia has been shown to have similar effects to epidural
anaesthesia on the metabolic and hormonal changes (Moller et al, 1982). The
dermatomal level of the block was again demonstrated to be important.
The effects of epidural anaesthesia on upper abdominal surgery were
investigated initially by Bromage, Shibata and Willoughby (1971). They found
that, even with an epidural blockade extending as high as Q , the cortisol response
to upper abdominal and thoracic surgery was unaltered. Hyperglycaemic changes
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were prevented by the efferent sympathetic blockade, but unblocked vagal afferent
activity was thought to have caused the ACTH secretion.
Subsequent attempts to block vagal afferent fibres in addition to thoracic
epidural blockade failed to decrease the cortisol response to upper abdominal
surgery (Traynor et al, 1982). It is possible that epidural blockade does not
completely block sympathetic afferent fibres, as the addition of a coeliac plexus
block to epidural blockade decreased plasma cortisol in major abdominal surgery
(Tsuji et al, 1983). It is also possible that stimulation of the diaphragm (C3 - C 5 )
and free nerve endings in the peritoneum may contribute to the hormonal response
to upper abdominal surgery.
It is difficult to assess accurately the level of blockade. Bengtsson and
colleagues (1983, 1985) have shown that the level of sympathetic blockade may
be unexpectedly lower than the level of somatic blockade. Somatosensory evoked
potentials have been used to try to assess the adequacy of somatic afferent
blockade during epidural analgesia. Using either dermatomal stimulation with scalp
recording of the evoked potential (Lund et al, 1987) or stimulation of a mixed
peripheral nerve with measurement of the potential in the cervical epidural space
(Loughnan et al, 1990), it has been shown that neither bupivacaine 0.75% or
lignocaine 2 % is capable of completely inhibiting afferent transmission in the cord
(Loughnan et al, 1990; Dahl et al, 1990). Etidocaine was the most effective local
anaesthetic agent in abolishing the somatosensory evoked potential (Dahl,
Rosenberg and Kehlet, 1992; Lund et al, 1991). It may be that the inability of
epidural blockade with bupivacaine to prevent the cortisol response to upper
abdominal surgery was due partly to inadequate afferent somatic neuronal
blockade.
Other local anaesthetic blocks have been used to try to obtund the metabolic
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and hormonal responses to upper abdominal surgery. The sympathetic chain lies
in the paravertebral space, and blocks of the interpleural, intercostal and
paravertebral spaces may act like a thoracic epidural blockade (Hall and
Lacoumenta, 1988). Again, the glucose response to surgery is prevented, but the
cortisol response is not affected (Giesecke et al, 1988; Pither, Bridenbaugh and
Reynolds, 1988).
Epidural and intrathecal opioids provide good analgesia, but do not prevent
the metabolic and hormonal changes associated with surgery because of the lack
of sympathetic blockade. Neither epidural morphine nor diamorphine have been
shown to have any effect on the metabolic response to surgery, although some
decrease in plasma cortisol concentration was found postoperatively, possibly
reflecting the excellent analgesia (Christensen et al, 1982; Normandale et al, 1985).

H igh-dose opioid anaesthesia
With the discovery of opiate receptors in the central nervous system and
especially in the hypothalamus, many studies have examined the effect of "highdose" opioid anaesthesia on the stress response to surgery. In 1959, McDonald and
colleagues were able to show that morphine could inhibit the hypothalamicpituitary-adrenal axis in man, and in 1974, George and colleagues demonstrated
a decrease in endocrine changes occurring with major surgery using large doses
of intravenous (IV) morphine (l-4m g/kg). Fifty pg/kg fentanyl IV has been shown
to prevent changes in glucose, lactate, cortisol and growth hormone concentrations
during pelvic surgery (Hall et al, 1978), while 15 pg/kg IV was sufficient only to
modify these hormones and metabolites, and also secretion of ACTH and P
endorphin (Lacoumenta et al, 1987). However, use of opioids in this way is
impractical for most types of surgery because of postoperative respiratory
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depression.
Most studies investigating the effects of high-dose opiates on the stress
response to surgery have used open heart surgery as their model, as
postoperatively, ventilation is usually controlled artificially in these patients. The
effects of high-dose morphine and fentanyl have been investigated (Brandt et al,
1978; Walsh et al, 1981) and more recently sufentanil and alfentanil (de Lange et
al, 1982; deLange et al, 1983; Sebel, Bovill, van der Haven, 1982; Bovill et al,
1983). All these studies have shown that the catecholamine, ACTH, cortisol, GH,
vasopressin and glucose changes are abolished by the opioids, but only until the
start of cardiopulmonary bypass. The physiological changes associated with
cardiopulmonary bypass, including hypothermia, haemodilution and non-pulsatile
flow, evoke endocrine responses that cannot be inhibited by opiates. Studies of
high-dose fentanyl or alfentanil anaesthesia during abdominal surgery also showed
that, although there was a reduction in the stress response intraoperatively, this did
not last postoperatively (Moller et al, 1984).
In all these studies, the opioid was given before the start of surgery. Bent
and colleagues (1984) investigated the effect of giving fentanyl 50 pg/kg after
pelvic surgery was established, and found that there was no change in circulating
glucose, NEFA or cortisol values. The same dose, given before surgery, prevented
these changes (Hall et al, 1978). Thus, as was found for epidural anaesthesia, the
metabolic and hormonal changes are easily prevented, but cannot be reversed once
they are established.

General anaesthesia
General anaesthesia, per se, appears to have little effect on the metabolic
and hormonal response to surgery. Laryngoscopy and intubation might be expected
38

to induce a response, as cardiovascular variables are often affected at this time.
However, Carli and Elia (1991) studied 2h of anaesthesia alone, including
laryngoscopy and intubation, before the start of surgery and found no changes in
circulating concentrations of various metabolites, including glucose and lactate.
Klingstedt and colleagues (1987) studied patients before cholecystectomy and
found no change in adrenaline concentrations during intubation. Halter, Pflug and
Porte (1977) found no increase in adrenaline or noradrenaline following intubation.
An increase in both these variables occurred during surgery, with further increases
seen after extubation. It is not clear whether there was a gradual increase in
catecholamine concentrations due to surgical trauma, or this was because of the
extra stimulus of extubation. However, results obtained may depend on how the
samples are collected. Derbyshire and Smith (1984) found, with the use of rapid
blood sampling, that increased concentrations of adrenaline and noradrenaline may
occur for 5 -10 min after intubation.

Intravenous induction agents
Etomidate, an imidazole derivative, has been shown to inhibit adrenal
steroidogenesis both in vitro and in vivo (Kenyon et al, 1984; Wagner et al, 1984;
Moore et al, 1985). It inhibits the mitochondrial, cytochrome P-450-dependent,
lip -h y d ro x y lase step of the biosynthetic pathway, resulting in suppression of
cortisol and aldosterone secretion. Moore and colleagues (1985) showed that
cortisol production may be inhibited for up to 24h after an etomidate infusion of
l- 2 h duration. Lacoumenta and colleagues (1986a) showed that prolonged
inhibition of cortisol secretion by etomidate did not alter cardiovascular stability
during pelvic surgery, and that the only metabolic effect was a reduction in the
hyperglycaemic response to surgery. However, long-term sedation with etomidate
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has been shown to be associated with increased mortality in critically ill patients,
presumably because of cortisol suppression (Ledingham and Watt, 1983) and the
drug is no longer licensed for this use. Udelsman and colleagues (1986) have
produced evidence in chronically adrenalectomized primates to support the clinical
observations that cortisol suppression during and after routine surgery has few
deleterious effects. They found that, when these animals underwent a standardised
upper abdominal procedure, only

1 0

% of the usual daily steroid requirements was

necessary for survival, and normal daily replacement therapy of steroid ensured a
smooth operative course. There is little risk, therefore, in maintaining circulating
cortisol concentrations within the normal range throughout routine surgery.
Both diazepam and midazolam have also been shown to inhibit cortisol
production from isolated bovine adrenocortical cells in vitro (Holloway et al,
1989). Midazolam, which has an imidazole ring in addition to its basic
benzodiazepine structure, was found to decrease the cortisol response to peripheral
surgery (Crozier et al, 1987) and major upper abdominal surgery (Desborough et
at, 1991). Desborough and colleagues (1991) also found that the production of
growth hormone was augmented, showing that midazolam had a mixed inhibitory
and stimulatory effect on pituitary hormone secretion.
Ketamine activates the sympathetic nervous system (White, Way and
Trevor, 1982) and has been shown to be associated with significant increases in
blood glucose and plasma cortisol concentrations and heart rate. (Lacoumenta et
at, 1984). However, these authors showed that once surgery was established, there
was no difference in the metabolic response between ketamine and halothane
anaesthesia, and they concluded that ketamine produces only transient hormonal
and metabolic changes which are minor in comparison with the superimposed
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surgical stimulation.

Volatile anaesthetic agents
Volatile anaesthetic agents appear to have little effect on endocrine and
metabolic function. Von Werder and colleagues (1970) found no change in plasma
cortisol with 7h of halothane anaesthesia without surgery, whereas Halter, Pflug
and Porter (1977) found a slight decrease in plasma adrenaline concentration after
30min of halothane anaesthesia. Likewise, enflurane anaesthesia alone produced
no changes in plasma glucose or cortisol (Oyama et al, 1979; Carli and Elia,
1991). However, Oyama, Latto and Holaday (1975) showed an insignificant
increase in plasma glucose and cortisol concentrations with 30min of isoflurane
anaesthesia.
Volatile anaesthetic agents also have little effect on the endocrine and
metabolic response to a surgical stimulus. In all the above studies, once surgery
was superimposed, there was the expected increase in circulating metabolites and
hormones. There may be some effect on the sympathetic response to surgical stress
as shown by catecholamine concentrations. Brown and colleagues (1982) showed
that plasma noradrenaline values were significantly lower in patients receiving
enflurane compared with low-dose fentanyl anaesthesia, although adrenaline
concentrations were similar. Roizen, Horrigan and Frazer (1981) found that high
concentrations of halothane and enflurane (minimum alveolar concentration (MAC)
of 1.5) suppressed the surgically-induced increase in plasma noradrenaline to
surface surgery, but Lacoumenta and colleagues (1986b) found that a MAC dose
of

2 .1

halothane was ineffective in preventing the sympathoadrenal and pituitary

hormone responses to pelvic surgery.
In conclusion, there is general agreement from all the studies comparing the
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effects of general and regional anaesthesia on the metabolic and endocrine
responses to surgery that these responses are little altered by general anaesthesia
unless high-dose opioids are used. This effect lasts only as long as a high
concentration of opioid can be maintained in the blood and tissues. However,
regional anaesthesia prevents the stress response, provided that a complete neuronal
blockade, both somatic and autonomic, can be achieved.

Comparison of general and local anaesthesia for cataract surgery
Although there has been much discussion of the relative merits of either
general (GA) or local (LA) anaesthesia for cataract surgery (Rubin, 1990), there
have been few studies attempting a prospective, controlled evaluation of the two
techniques. Much of the work has been directed at comparing different general
anaesthetic techniques for such surgery, or at comparing and contrasting different
local anaesthetic techniques, as described in Chapter One.
Some studies have looked at the effects of combining general and local
anaesthesia. Lytle and Thomas (1992) added topical oxybuprocaine to the eyes of
patients under general anaesthesia and prevented the pressor response to surgical
stimulation, decreasing the concentration of enflurane required compared with
those patients receiving general anaesthesia alone.
A few studies have compared surgical complications following either
general or local anaesthesia. Scott and Clearkin (1994) looked at surgicallyinduced diffuse scleritis (SIDS) following cataract surgery, and found that there
was a higher incidence of this problem in the younger patients and in those having
a general anaesthetic. Ropo, Ruusuvaara and Nikki (1992) compared the incidence
and duration of postoperative ptosis following cataract surgery and concluded that
ptosis is common after both local and general anaesthesia, but in most cases is
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shortlasting. It may be related to the volume or myotoxicity of the local anaesthetic
drug, as their four-point technique, using twice as much LA as their tw o-point
technique, caused a greater incidence of ptosis both immediately and after one
week. The use of a lid speculum and/or the superior rectus muscle bridle suture
may be important in provoking ptosis of a longer duration.
Nagle and Cooper (1993) investigated the aetiology of nasopharyngeal
secretion reflux under anaesthesia and found that nasal secretions could drain into
the conjunctival sac and contaminate the surgical field. These were more
commonly seen on the face at the end of surgery in patients under general
anaesthesia.
Wolf, Lynch and Berlin (1975) found no difference in surgical outcome
after cataract surgery in patients under either LA or GA, whereas Vernon and
Cheng (1985) found more patients (5 out of 97) required additional surgery after
LA cataract extraction, than after GA (0 out of 97). The reasons for this
observation were not apparent in this retrospective study.
Robinson and Nylander (1989) looked at the effects of continuing warfarin
treatment throughout cataract surgery on

1 0

occasions and observed that, although

three cases of hyphaema occurred, none of the four patients receiving LA had a
retrobulbar haemorrhage. They suggested that warfarin can be continued
throughout cataract surgery providing the international normalised ratio (INK) is
within the recommended therapeutic range and is closely monitored, especially if
additional drugs are given. Topical indomethacin was shown to reduce the miosis
which occurs during cataract surgery, whether performed under LA or GA (Searle,
Pearce and Shaw, 1990).
Campbell and colleagues (1993) noted that 19% of patients under GA
experienced at least one episode of oxygen desaturation during the procedure,
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compared with none in the LA group. Heart rate and arterial pressure were stable
in the LA group compared with the GA group, where marked fluctuations were
noted. 61% of patients under GA experienced falls in systolic arterial pressure
greater than 30% of the preinduction value.
There have been some studies to investigate the difference in postoperative
morbidity after cataract surgery. No difference in oxygen saturation was
demonstrated between those patients receiving GA or LA the night before surgery,
immediately postoperatively, or during their first postoperative night (McCarthy,
Mirakhur and Elliott, 1992). The overall incidence of significant desaturation was
low.
Postoperative pain was shown to be minimal in one study (Koay et al,
1992); 55% of patients having no pain, and 32% reporting slight discomfort.

8

%

reported mild pain and only 5% had moderate to severe pain. Patients receiving
LA were found to be more comfortable postoperatively on the day of operation in
this study, but 84% of these patients had received papaveretum lOmg and
promethazine 50mg preoperatively. None of the GA patients had received any
analgesic.
Cognitive function was tested 24h, two weeks and three months after
cataract surgery under GA or LA in 169 patients (Campbell et al, 1993). The GA
patients performed marginally less well than the LA group at 24h, but recovery to
preoperative values had occurred in all patients by two weeks. There was no
evidence of long term dysfunction detected in either group, with no significant
differences between the performances of the two groups at any time.
Karhunen and Jonn (1982) examined memory function following LA or GA
for cataract surgery using the Wechsler Memory Scale and Luria tests. They found
there was a diminution in performance one week postoperatively, but there was no
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difference between GA and LA, although all the LA patients in this study had
received fentanyl and diazepam sedation.
Backer and colleagues (1980) looked at the myocardial reinfarction rate
following ophthalmic surgery and found a zero reinfarction rate after 288
operations under LA. Nine of these operations were performed within three
months, and nine between three to six months, of the myocardial infarction. There
was also a zero reinfarction rate after 26 operations under GA. The small number
in the GA group made it difficult to undertake comparisons, but the authors
concluded that LA does not pose special risks for myocardial reinfarction.
Three studies have looked at mortality in association with ophthalmic
surgery (Duncalf, Gartner and Carol, 1970; Petruscak, Smith and Breslin, 1973;
and Quigley, 1974). Death was shown to be much less common after ophthalmic
surgery than after general surgery, with no difference between LA and GA.
However, this was thought to be heavily dependent on patient selection; death was
rare after GA in young, healthy patients, and LA was used more frequently in the
elderly. Patients with retinal detachment were at greater risk, and prolonged bed
rest contributed to a higher mortality (Quigley, 1974). Mortality in the younger
patients seemed to be the result of poor anaesthetic technique, for example,
hypoxia from inadequate airway control, whereas in the older patients, with both
LA and GA, cardiovascular status played an important role (Duncalf, Gartner and
Carol, 1970).
General and local anaesthesia for cataract surgery has also been compared
looking at costs, throughput and staffing levels needed. Percival and Setty (1992)
found that LA was 15 times less expensive in material, led to a faster throughput
of patients in the operating theatre and halved the expenditure on staff
(ophthalmologists gave the local anaesthetic). The place of day surgery for cataract
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treatment has been considered, and general anaesthesia has been shown to be just
as applicable in this setting as local anaesthesia, provided strict admission criteria
are met (Strong et al, 1992; Moffat and Cullen, 1995).
Lastly, few studies have looked at patients’ opinions on the different forms
of anaesthesia for cataract surgery, but a small study of 24 patients suggested a
preference for local anaesthesia (Rassam and Thomas, 1989).

Thesis Plan
The choice of LA or GA for cataract surgery is currently the subject of
much discussion in this country. While in some countries, LA is the technique of
choice with very few general anaesthetics being given, there remains a significant
number of patients and surgeons who prefer GA to LA in the United Kingdom. It
is important to know if there is any increased risk to providing a GA for this group
of patients. One aspect which has not so far been considered, is the metabolic and
hormonal alterations which may occur during cataract surgery. This is the subject
of this thesis. I have set out to discover whether there are any metabolic or
hormonal changes during cataract surgery in the elderly patient, and if so, are these
changes affected by the choice of general or local anaesthesia.
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Chapter Four

Methods

This thesis comprises five separate studies involving 138 patients, all of
whom had their cataract surgery undertaken at Edgware General Hospital by Miss
G. Vafidis. The concluding study is a questioimaire on 231 patients who were
asked about morbidity following their cataract surgery. The studies are summarised
in Table 4.1, which also shows the Chapters in which each one is reported. The
studies were approved by the local Ethical Committee and informed consent was
obtained from each patient.

Patients studied
All patients studied were scheduled for extracapsular cataract extraction of
one eye with intraocular lens implantation. They were otherwise healthy and were
not receiving any therapy known to interfere with the hormonal and metabolic
response to surgery, apart from oral hypoglycaemic agents in Study 5. All patients
were suitable for either general anaesthesia (GA) or local anaesthesia (LA) and
were allocated randomly to receive either GA or LA.

General Anaesthesia
No premedication was given. Anaesthesia was induced with thiopentone, the
trachea intubated after administration of vecuronium, and the lungs were ventilated
with

6 6

% nitrous oxide in oxygen supplemented with 0.6-1.0% enflurane. On

completion of surgery, residual neuromuscular block was antagonised with
neostigmine and glycopyrronium.
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Retrobulbar Anaesthesia
The local anaesthetic used was a mixture of equal volumes of 2% lignocaine
and 0.75% bupivacaine without adrenaline. 3ml was injected as a retrobulbar block
using a transcutaneous inferotemporal approach with the eye in the primary gaze
position.

2

ml was placed at the side of the eye to block the facial innervation of

the orbicularis muscle and produce akinesia. Oxygen, at 41/min, was piped beneath
the sterile drapes during the operation. No premedication or sedation was used in
any of the patients receiving local anaesthesia.

Peribulbar Anaesthesia
Peribulbar blockade was undertaken with the same mixture of local
anaesthetic used for retrobulbar block. A transcutaneous approach was utilised with
3ml inferotemporal to the globe and 3ml superomedially. Pressure of 60mmHg was
maintained on the orbit with a Honan balloon for at least 5min after the block.
These patients also received oxygen, piped at 41/min, beneath the sterile drapes
during the operation, and did not receive any premedication or sedation.

Monitoring
All patients had their arterial pressure measured non-invasively, and their
electrocardiogram and pulse oximetry monitored continuously throughout the
induction, surgery and recovery periods. The patients in the GA groups had their
ventilation adjusted to maintain an end-tidal CO 2 tension above 4.0kPa.

Blood Samples
On arrival in the anaesthetic room, all patients had a central venous catheter
introduced percutaneously through an antecubital fossa vein under local anaesthetic
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for collection of blood samples. After a ten minute rest period, a control blood
sample was collected. Further venous blood was collected after induction of either
general or local anaesthesia, at the time of nuclear extraction, on completion of
surgery, and at 30 and 60min after completion of surgery in Studies 1 and 2.
Studies 3 and 4 had a further sample collected at 120min after surgery was
complete, and Study 5 collected an eighth sample at 240min post-surgery. The
samples were centrifuged immediately and the supernatant stored at -20°C before
analysis.

Glucose
Plasma glucose concentration was measured in Studies 1 and 2, whereas
blood glucose concentration was estimated in Studies 3, 4 and 5. For the
determination of plasma glucose values, the thawed supernatant was deproteinised
with uranyl acetate before assay, but for whole blood determination, the sample
was deproteinised immediately in uranyl acetate and the supernatant stored at 20°C. The glucose concentration was determined enzymatically using a glucose
oxidase / peroxidase method (Werner, Rey and Wielinger, 1970).
Plasma glucose values are 10-15% greater than whole blood glucose values,
as intracellular concentrations are kept low by metabolism, and therefore inclusion
of erythrocytes in the sample "dilutes" the plasma. The difference between blood
and plasma values depends on the haematocrit (Zilva, Pannall and Mayne, 1988a).
However, plasma must be removed promptly from blood, or collected in the
presence of an inhibitor of glycolysis, such as fluoride, or the formed elements will
utilise glucose to produce lactate, and the plasma glucose value will be lowered.
The concentration can drop from 4.8 mmol/litre at time zero, to 3.9 mmol/litre at
4 hours and 1.9 mmol/litre by 24 hours (Zilva, Pannall and Mayne, 1988b). This
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problem is avoided by the use of blood glucose, and was the reason for changing
to blood glucose estimations in the later studies.

Lactate
Plasma lactate was measured in Study 1, and blood lactate in Studies 3, 4
and 5 for the reasons given above. Lactate concentrations were also measured
enzymatically using lactate dehydrogenase (Hohorst, 1965). Either thawed plasma
or whole blood was deproteinised with 0.6M perchloric acid before measurement
in a similar method to that described above.

Non-Esterified Fatty Acids (NEFA)
Plasma NEFA concentrations in Studies 1 and 5 were measured
enzymatically using acyl-CoA synthetase linked to chromogen production. This
is specific for fatty acids with carbon chain lengths from

6

to 18 (Shimizu et al,

1979).

Beta-Hydroxybutyrate (^OH)
Blood POH concentrations in Study 5 were measured enzymatically using
P hydroxybutyrate dehydrogenase (Williamson and Mellanby, 1974).

Cortisol
Plasma cortisol concentrations were measured in Study 1, and serum cortisol
concentrations were measured in Studies 3, 4 and 5. Serum was chosen for the
later studies because the fibrin strands in the plasma interfered with the automatic
pipettes. Cortisol concentrations were measured with a sensitive and specific
radioimmunoassay (Seth and Brown, 1978).
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Catecholamines
Plasma for catecholamine determination was stored after the addition of 200
pilitre of an antioxidant solution. This consisted of 100 mmol/litre of reduced
glutathione and 100 mmol/litre of EGTA. Plasma noradrenaline and adrenaline
concentrations were later measured by HPLC with electrochemical detection
(Davis, Kissinger and Shoup, 1981). The limits of detection of the assay were 0.1
nmol/litre for noradrenaline and 0.05 nmol/litre for adrenaline. The coefficients of
variation for a pooled plasma sample (about 1.5 nmol/litre noradrenaline and 0.3
nmol/litre adrenaline) were 4.5% for noradrenaline and 8.2% for adrenaline.

Insulin
Serum insulin was measured by a sensitive and specific radioimmunoassay
(Soeldner and Slone, 1965).

Growth Hormone
Serum growth hormone was measured by a sensitive and specific
radioimmunoassay (Boden and Soeldner, 1967).

Variability of Assays
The coefficients of variation for the metabolite assays are shown in Table
4.2, and for the hormone assays in Table 4.3.

Statistical analysis
The data are presented as mean values (SEM). Statistical analysis was
undertaken using Fisher's exact test for the patients' demographic details. T w o-w ay
analysis of variance (ANOVA) with Dunnett's test (Dunnett, 1964) was used to
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show differences within each group compared with the control value, and one-w ay
ANOVA to examine differences between groups at the same time point (Armitage
and Berry, 1994). A p value of <0.05 was considered statistically significant.
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Number
of
Patients

Duration
of study

Chapter

Circulating Glucose, Lactate, NEFA
and Cortisol values

up to
60 min
postoperatively

5

10 GA
10 Retrobulbar

Circulating Glucose, Noradrenaline
and Adrenaline values
Heart Rate and Mean arterial pressure

up to
60 min
postoperatively

5

Anaesthetic technique

Measurements

9 GA
9 Retrobulbar

Study 1

18

Study 2

2 0

Study 3

30

10 GA
10 Retrobulbar
10 GA + Retrobulbar

Circulating Glucose, Lactate and
Cortisol values

up to
1 2 0 min
postoperatively

Study 4

30

10 GA
10 Retrobulbar
10 Peribulbar

Circulating Glucose, Lactate and
Cortisol values

up to
min
postoperatively

Circulating Glucose, Lactate, pOH,
NEFA, Cortisol, Insulin and Growth
hormone values

up to
240 min
postoperatively

Study 5

40

10
10
10
10

Study

231

119 GA
112 LA - Retrobulbar
and Peribulbar

6

Table 4.1

GA
Retrobulbar
NIDDM GA
NIDDM Retrobulbar

Questionnaire

6

7

1 2 0

8

9

Summary o f Studies in this Thesis. (GA =general anaesthesia, LA = local anaesthesia, NEFA = nonesterified fatty acids, ^OLi = ^-hydroxybutyrate, NIDDM = non-insulin-dependent diabetes mellitus)

Coefficient of variation

Metabolite
Glucose

1

Lactate

3.2%

Non-esterified fatty acids

1

P-hydroxybutyrate

T able 4.2

.2 %

.8 %

4.2%

Coefficients o f variation for metabolite assays.
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Hormones
Cortisol
Growth Hormone
Insulin

Table 4.3

Within assay c.v.

Between assay c.v.

.0 %

10.3%

7.1%

6.3%

.2 %

11.4%

6

8

Coefficients of variation (c.v.) for hormone assays.
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Chapter Five

The investigation of the effects of general and local anaesthesia on the
metabolic and hormonal changes during cataract surgery.

Introduction
Ophthalmic surgery offers a useful model for investigating the effects of
local anaesthesia (LA) on the endocrine and metabolic changes associated with
surgery. Local anaesthetic applied to the ciliary ganglion by means of a retrobulbar
block is able to completely denervate the eye, providing not only somatic afferent,
but also autonomic, blockade of the eyeball. Under general anaesthesia (GA),
innervation of the eye remains intact. Thus, comparing the metabolic and hormonal
responses under LA with those under GA, gives an indication of the role of
afferent neuronal stimulation in surgical stress.
This chapter describes two studies to explore the stress response to cataract
surgery in elderly patients, comparing the metabolic and hormonal responses when
the surgery is undertaken with either GA or LA. The first study was a pilot study
looking at changes in three metabolic and one hormonal variable in 18 patients.
The second study looked at a further 20 patients, and compared catecholamine
concentrations as well as cardiovascular variables.

Study 1
Cortisol and glycaemic responses to cataract surgery.
Methods
18 elderly patients admitted for cataract surgery were studied. They were
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otherwise healthy and not receiving any therapy known to interfere with the
hormonal or metabolic responses to surgery. They were allocated randomly to
receive either GA or LA. The method of LA used was retrobulbar blockade.
Central venous access via an antecubital fossa vein was obtained before the
administration of general anaesthesia or retrobulbar blockade as described in
Chapter Four. Blood samples were taken for plasma glucose, lactate, NEFA and
cortisol concentrations before induction, (the control sample), after induction, at
lens extraction, at the end of surgery, and at 30 and 60 min after the end of
surgery. The samples were centrifuged, stored and assayed as described in Chapter
Four.

Results
There was no significant difference between the groups except for the
duration of surgery, which was longer in the LA group (30 min compared with 25
min; p<0.05) (Table 5.1). The overall theatre time, however, was similar in both
groups (49 min LA group; 47 min GA group).
Plasma cortisol (Figure 5.1)
In the GA group, cortisol concentrations increased progressively throughout
the study from a control value of 348 nmol/litre to 747 nmol/litre 60 min after
completion of surgery. In contrast, in the LA group plasma cortisol concentration
did not change during surgery from the control value of 320 nmol/litre, and then
decreased slowly to 223 nmol/litre 60 min after surgery (p<0.05). There was a
significant difference between the groups during surgery (p< 0 .0 1 ) and after surgery
(p<0.001).
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Circulating metabolites
Plasma concentration of glucose increased in the GA group from 4.7 to 5.2
mmol/litre on completion of surgery, but this change was not significant (Figure
5.2). In the LA group, plasma concentration of glucose did not alter more than 0.2
mmol/litre from the control value of 4.4 mmol/litre throughout the study. There
was a significant difference in plasma concentration of glucose between the groups
at nuclear extraction, at the end of surgery and 30 min after completion of surgery
(p<0.05).
In the GA group, plasma concentration of lactate did not alter significantly
during surgery from the control value of 1.22 mmol/litre, but declined significantly
to 0.99 mmol/litre 60 min after completion of surgery (p<0.05) (Figure 5.3). In
contrast, in the LA group plasma concentration of lactate decreased slowly during
the study and this resulted in a significant difference between the groups at the end
of surgery and 60 min after completion of surgery (p<0.05).
Plasma NEFA concentrations did not change significantly in either group
during the study (Figure 5.4).

Discussion
The results show clearly that cataract surgery under general anaesthesia
evokes an endocrine and metabolic response, and that this response can be
prevented completely by local analgesia. In the GA group, the plasma cortisol
values increased more than two-fold, but the changes in circulating metabolites
were relatively small.
The retrobulbar block used to provide LA necessitates the injection of a
local analgesic solution around the ciliary ganglion in the apex of the orbit. The
ciliary ganglion is a peripheral parasympathetic ganglion of the oculomotor nerve
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and also contains sympathetic and somatic afferent fibres (Williams et al, 1989).
The parasympathetic root contains both sensory and motor fibres, the latter
supplying the ciliary muscle and sphincter pupillae. The sympathetic fibres arise
from the superior cervical ganglion, traverse the ciliary ganglion without synapsing,
and supply the dilator pupillae and blood vessels of the eyeball. The somatic
afferent component of the ganglion consists of sensory fibres from the eyeball in
the short ciliary nerves (ophthalmic branch of the trigeminal nerve). These fibres
also traverse the ganglion without synapsing and continue in the nasociliary nerve.
Thus a correctly placed retrobulbar block provides not only somatic afferent, but
also autonomic, block of the eyeball. The results of this study are important
confirmatory evidence of the effectiveness of complete deafferentation of the
operative site in preventing catabolic hormone secretion during surgery.
The main cause for the glycaemic response to surgery is activation of the
sympathoadrenal system (Hall, 1985). It can be inferred from this initial study,
therefore, that the comparatively small glycaemic response to surgery of 0.5
mmol/litre in the GA group reflected only a modest increase in circulating plasma
concentrations of catecholamine. This contention is supported by the lack of a
significant increase in plasma concentration of lactate in the GA group, as it has
been postulated that the lactic acidaemia of surgery is an indirect indicator of
increased sympathetic activity (Lacoumenta et al, 1987). Both plasma glucose and
lactate concentrations decreased significantly in the LA group, suggesting reduced
catecholamine secretion.
The effects of age on the metabolic and endocrine response to surgery have
received little attention. Blichert-Toft and colleagues (1979) compared the
response to inguinal herniorrhaphy in men aged 20-30 yr and 70-75 yr and
observed only small differences. Similarly, age was found not to be a significant
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variable in determining the hormonal and metabolic changes associated with
cholecystectomy (Hakanson et al, 1984). It would seem likely, therefore, that the
metabolic response to cataract surgery under GA was minor because of the nature
of the surgery rather than the age of the patients.
There was no difference between the groups in the total time spent in the
operating theatre, although the duration of surgery was longer in the LA group
(Table 5.1). Thus, perhaps surprisingly, LA offered no advantage over GA in
theatre utilization. It was my impression, however, that patients who received LA
felt symptomatically better in the immediate postoperative period. This opinion is
similar to the observations of Rassan and Thomas (1989), who noted the excellent
recovery of patients undergoing cataract surgery with LA and patients' preference
for this form of anaesthesia. Chapter Nine of this thesis details the results of my
study to investigate this aspect.

In conclusion, this pilot study showed that the hormonal and metabolic
response to cataract surgery was abolished by LA. It clearly demonstrated the
metabolic stability offered by LA in a group of patients who often have severe
endocrine and metabolic disorders.
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Table 5.1

Details o f patients studied in Study 1 (mean values (SEM)).
* Significant difference between mean values (p<0.05)

LA group

GA group

(n=9)

(n=9)

Age; years

74 (2.8)

68 (5.2)

Weight; kg

76 (2.9)

70 (5.4)

Sex

6M : 3F

2M : 7F

Induction time; min

13 (2.7)

12 (1.9)

30(2.5) *

25 (1 .4 ) *

49 (2.9)

47 (2.1)

Duration of surgery; min
Start of induction to
leaving theatre; min

61

800

Pla sm a
Cortisol
(nmol/litre)

-

^

400 H

200 H

3

4

5

Sample T i m e s

Fig 5.1

Mean (SEM) plasma concentration o f cortisol in the GA group (solid
bars) and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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P la s m a
Glucose
(mm ol/litre)

3

4

5

Sample Times

Fig 5.2

Mean (SEM) plasma concentration o f glucose in the GA group (solid
bars) and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction of
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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Plasma
Lactate
(mmol/litre)

2

3

4

5

Sample Ti m es

Fig 5.3

Mean (SEM) plasma concentration o f lactate in the GA group (solid
bars) and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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1 .4-1

P la s m a
NEFA
(mm ol/litre)

3

4

Sample Times

Fig 5.4

Mean (SEM) plasma concentration o f non-esterified fatty acids
(NEFA) in the GA group (solid bars) and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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Study 2
Plasma catecholamine response to cataract surgery

Encouraged by the results of the pilot study, I was keen to quantify the
catecholamine response to cataract surgery under GA. Study 1 indicated a
relatively small metabolic response, as shown by changes in circulating glucose
and lactate values, and suggested only a limited increase in catecholamine
secretion. The object of Study 2 was to compare the plasma catecholamine
response associated with cataract surgery in patients receiving either GA or LA.
Concurrent changes in plasma glucose, arterial pressure and heart rate were also
measured.

Methods
20 elderly patients admitted for cataract surgery were investigated in this
study. The selection of patients and their randomisation for either GA or LA, again
using retrobulbar blockade, was as described previously. The method of collection
of blood samples, the techniques of GA and LA used, and the timing of the
sampling was described in Chapter Four.
In this study, blood was collected from the patients and assayed for plasma
glucose, noradrenaline and adrenaline concentrations up to 60 min after the end of
surgery. Arterial pressure was measured noninvasively in both LA and GA groups,
and the ECG and pulse oximetry were monitored continuously throughout the
study.

Results
There was no significant difference between the groups with respect to age,
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body weight, sex distribution, time for induction of anaesthesia and duration of
surgery (Table 5.2). The overall operating theatre time was significantly longer in
the GA group (48 min GA group, 40 min LA group, p<0.05).
Plasma catecholamines (Figures 5.5 and 5.6)
Plasma noradrenaline concentrations in the GA group increased from a
control value of 1.25 nmol/litre to a peak value of 1.74 nmol/litre on completion
of surgery. In the LA group, however, plasma noradrenaline varied little from the
control value of 1.18 nmol/litre. Plasma noradrenaline values were significantly
decreased in the LA group compared with the GA group at the end of surgery
(p<0.01), and at 30 and 60 min after completion of surgery (p<0.05).
Plasma adrenaline values in the GA group increased from 0.52 nmol/litre
in the control period to only 0.63 nmol/litre 30 min after completion of surgery.
In the LA group plasma adrenaline concentrations were stable intraoperatively and
then declined from a control value of 0.44 nmol/litre to 0.34 nmol/litre 60 min
after completion of surgery. Plasma adrenaline values were significantly decreased
in the LA group compared with the GA group at both 30 and 60 min after
completion of surgery (p<0.05).
Plasma glucose (Figure 5.7)
Plasma glucose increased intraoperatively and postoperatively in the GA
group from 5.3 to 6.0 mmol/litre. There was little change in glucose values in the
LA group with the result that there was a significant difference between the groups
both during and after surgery (p<0.05).
Mean arterial pressure and heart rate (Figures 5.8 and 5.9)
Heart rate and mean arterial pressure were similar in both groups in the
control period. Mean arterial pressure increased significantly in both groups after
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induction of anaesthesia, by 20 mmHg in the GA group (p<0.01) and by 10 mmHg
in the LA group (p<0.05). In the GA group arterial pressure decreased below
control values during the rest of the study, whereas arterial pressure remained
significantly higher in the LA group before declining to control values
postoperatively. Arterial pressure was significantly higher in the LA group at
nuclear extraction, on completion of surgery and 30 min after completion of
surgery (p<0.05).
In contrast, heart rate varied little in the LA group throughout the study. In
the GA group, however, there was a marked increase in heart rate after induction
of anaesthesia from 76 to 96 beats/min (p<0.01), but this was not sustained during
and after surgery. Heart rate was significantly higher in the GA group compared
with the LA group only after induction of anaesthesia (p<0.01).

Discussion
The results of Study 2 show clearly that LA prevented the increase in
catecholamine secretion associated with cataract surgery under GA. The plasma
noradrenaline and adrenaline values found in the control period were similar to
those reported in unstressed, healthy individuals (Buhler et al, 1978), showing that
the patients were comparatively stress-free in spite of the lack of premedication.
Although increased sympathoadrenal activity during surgery mainly results from
afferent stimuli from the operative site, it is also augmented by hypoxaemia,
hypercarbia and blood loss. Although in this study, these physiological variables
were not specifically examined, there is no reason to suggest that they were not
comparable in the two groups, so that the abolition of sensory neuronal input from
the eye in the LA group is likely to have been the cause of the difference in
circulating catecholamines. The increases in plasma catecholamines in the GA
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group were only small (noradrenaline 0.49 nmol/litre, adrenaline 0.11 nmol/litre)
and much less than those found in upper abdominal and pelvic surgery in which
increases of up to 1.0 nmol/litre adrenaline have been observed (Lacoumenta et al,
1986; Klingstedt et al, 1987). This modest rise in sympathoadrenal activity is
reflected in the small size of the glycaemic response, only 0.7 mmol/litre.
Local anaesthesia was associated with improved stability of arterial pressure
and heart rate. The significant increase in mean arterial pressure found after neural
blockade, which persisted for the intraoperative period, was only 10 mmHg and
may have been caused by apprehension and fear. Induction of GA resulted in the
expected tachycardia and hypertension, since no attempt was made to obtund the
response to laryngoscopy and intubation, but subsequently the arterial pressure was
well controlled in the GA group. It is possible that in hypertensive patients, the
increase in arterial pressure seen during LA and persisting throughout the
operation, may reach unacceptable levels. GA may be the preferred option,
providing the pressor response at induction can be obtunded, either by avoiding
intubation and using a laryngeal mask, or by the use of agents such as lignocaine,
as discussed in Chapter One. The changes in cardiovascular variables found at
induction of anaesthesia in the GA group were not associated with a marked
increase in circulating noradrenaline values. This discrepancy may be accounted
for by the observation that circulating noradrenaline values probably only represent
about 20% of the noradrenaline activity at the synapse and so grossly
underestimate sympathetic nervous activity (Silverberg et al, 1978). A possible
effect of thiopentone on decreasing tonic sympathetic activity may also have
obtunded the noradrenaline response (Joyce, Roizen and Eger, 1983). Previous
studies have shown that general a n a e s t h e s i a , h a s little effect on the classical
endocrine and metabolic response to surgery which results from surgical
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stimulation (Kehlet, 1984; Carli and Elia, 1991).
The overall operating theatre time was significantly decreased in the LA
group. This finding was in contrast to Study 1, in which I failed to find any benefit
in theatre utilisation. It is notable that in this study, the duration of surgery was
similar in the two groups, whereas previously it was significantly longer in the LA
group. The results from both studies emphasise that the saving in overall time in
the LA group occurs on completion of surgery and not on induction of anaesthesia.

In conclusion. Study 1 showed that the hormonal and metabolic response
to cataract surgery was abolished by LA. Study 2 reinforced these results and
showed that not only the plasma glucose, but also plasma catecholamine responses
are abolished by LA, and that this technique improves cardiovascular stability.
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Table 5.2

Details o f patients in Study 2. Mean values (SEM).
* Significant difference between mean values (p<0.05)

LA group

GA group

(n=10)

(n=10)

Age; years

80 (1.5)

76 (4.5)

Weight; kg

58 (4.0)

63 (4.7)

Sex

2M : 8F

IM : 9F

Induction time; min

13 (0.9)

13 (1.2)

Duration of surgery; min

22 (1.3)

25 (1.9)

40 (2.1) *

48 (1.8) *

Start of induction to
leaving theatre; min
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P la s m a
Noradrenaline
(nmol/litre)

3

A

Sa m ple Tim es

Fig 5.5

Mean (SEM) plasma noradrenaline concentration (nmolllitre) in the
GA group (solid bars) and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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Fig 5.6

Mean (SEM) plasma adrenaline concentration (nmolllitre) in the GA
group (solid bars) and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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Fig 5.7

Mean (SEM) plasma glucose concentration (mmolflitre) in the GA
group (solid bars) and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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Fig 5.8

Mean (SEM) arterial pressure (mmHg) in the GA group (solid bars)
and LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion o f surgery; 6 = 60 min after completion o f surgery.
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Fig 5.9

Mean (SEM) heart rate (beats/min) in the GA group (solid bars) and
LA group (hatched bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = 30 min
after completion of surgery; 6 = 60 min after completion o f surgery.
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Chapter Six

The investigation of the effects of combining general and local anaesthesia
on the metabolic and hormonal changes during cataract surgery.

Introduction
It was shown in the last chapter that, although induction of general
anaesthesia and intubation was associated with a rise in arterial pressure and heart
rate, this was not associated with a signiOcant increase in circulating catecholamine
concentrations. The increase in metabolite and hormone values, in particular
cortisol, during cataract surgery in the previous two studies was seen after surgery
had started and is considered to be caused by the surgical stimulus itself. Studies
of the effect of general anaesthesia on its own suggest little, if any, increase in
circulating metabolites and hormones (Kehlet, 1984; Carli and Elia, 1991).
However, in all studies, surgery is superimposed on general anaesthesia thus
masking any further effects from the anaesthetic itself. The object of Study 3 was
to determine the part played by the general anaesthetic on the hormonal and
metabolic response during and after cataract surgery.

Study 3
Methods
Thirty elderly patients admitted for cataract surgery were studied after
informed consent had been obtained. They were randomised into one of three
groups, to receive either general anaesthesia (GA), local anaesthesia by retrobulbar
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blockade (RB), or general anaesthesia followed by retrobulbar blockade (GA+RB).
The techniques of GA and LA were as described in Chapter Four. In the GA+RB
group, general anaesthesia was induced as in the GA group, and the retrobulbar
block administered after the trachea was intubated.
Venous blood samples were collected as in Chapter Four, and assayed for
blood glucose and serum cortisol concentrations up to 120 min after completion
of surgery.

Results
There was no significant difference between the groups with respect to age,
weight or sex, although there was a preponderance of females in all groups (Table
6.1). There was also no significant difference in the times for induction of
anaesthesia, duration of surgery or overall time in theatre between the three groups.
Once in the recovery room, no patient in the RB or GA+RB groups complained
of pain or discomfort in the operated eye.
Serum Cortisol (Figure 6.1)
Serum cortisol concentrations in the GA group increased from a baseline of
407 nmol/litre to a peak of 801 nmol/litre 30 min post-operatively (p<0.01), while
in the RB group cortisol concentrations did not change significantly from a
baseline of 360 nmol/litre throughout the study period. In contrast, in the GA+RB
group, cortisol concentrations changed little during surgery from the baseline of
381 nmol/litre but increased to 660 nmol/litre 30 min post-operatively (p<0.05)
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before declining over the next two hours. There was a significant difference
between the GA group and both the RB and GA+RB groups at the end of surgery
(p<0.01). However, postoperatively there was a significant difference between the
RB group and the GA+RB group (p<0.05) as well as the GA group (p<0.01), with
no significant difference between the GA and GA+RB groups.
Blood Glucose (Figure 6.2)
Blood glucose concentrations in the GA group increased from 4.8 mmol/litre
pre-operatively to a peak of 6.0 mmol/litre 60 min post-operatively, although this
change was not statistically significant. However, in both the RB and GA+RB
groups, blood glucose changed little from the baseline values of 4.5 mmol/litre in
the RB group and 4.2 mmol/litre in the GA+RB group until 2h after surgery. At
this time, blood glucose concentration in the RB group increased to 7.1 mmol/litre
(p<0.01), because the patients who had had local anaesthesia only, had eaten by
this time. There was a significant difference between the GA group and the RB
and GA+RB groups 30 min postoperatively (p<0.05), and between the GA group
and the GA+RB group 60 min postoperatively (p<0.05). At 120 min post surgery,
there was a significant difference between the RB group and the GA+RB group
(p<0.01).

Discussion
The results of this study confirm the findings in Chapter Five that local
anaesthesia given as a retrobulbar block is able to prevent the metabolic and
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hormonal response to cataract surgery which is observed under general anaesthesia
alone. The combination of general anaesthesia with retrobulbar blockade also
provides stable cortisol and glucose concentrations during surgery, suggesting that
the increases seen under general anaesthesia alone are due to surgical stimulation.
However, an unexpected finding was a significant increase in cortisol concentration
30 min post-operatively in patients with the combined technique at a time when,
with retrobulbar block alone, there was still no change from baseline values. This
increase in cortisol concentration could result from a variety of causes, namely the
use of neostigmine and glycopyrronium, extubation of the trachea, emergence from
anaesthesia, and/or events in the recovery period such as nausea or coughing.
Extubation of the trachea is unlikely to be the cause of the increase in
cortisol concentration. The results showed no increase in glucose concentrations
post-operatively, which indicates that a marked increase in sympathetic activity
could not have occurred. It has been shown that extubation is no more stimulating
than intubation (Holden et al, 1991; Lowrie et al, 1992), and I found no metabolic
or hormonal response to intubation in this study. Neostigmine, by producing an
increase in acetylcholine (ACh) concentration, could have been the cause of the
elevated cortisol concentration. ACh has been found to stimulate release of
hypothalamic corticotrophin releasing factor (CRF) (Hillhouse, Burden and Jones,
1975), but neostigmine, a quaternary compound, cannot pass the blood-brain
barrier. There is little evidence that ACh is able to act directly on the pituitary to
cause release of ACTH, although acetylcholine has been shown recently to be
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synthesised and released by rat corticotrophs (Carmeliet and Denef, 1989).
The immediate recovery period for the patients in this study showed no
major complications. Three of the ten patients in the GA+RB group suffered from
minor complaints: nausea in two and coughing in one. These were brief episodes
and required no treatment. It may be that emergence from anaesthesia itself was
the cause of the increase in cortisol concentration, and that, just as with the diurnal
rhythm in which cortisol concentrations are elevated on waking in the morning, it
is also increased on awakening from anaesthesia. This increase in cortisol
concentration on emergence from anaesthesia has not been described previously.
All the studies that have examined the metabolic and hormonal effects of
anaesthesia have surgery superimposed before the patient is woken.

In conclusion, cataract surgery performed under general anaesthesia results
in a marked hormonal and metabolic response which can be prevented by local
anaesthesia alone. However, the combination of both general and local anaesthesia
only provided stable conditions intra-operatively. Plasma cortisol concentration
increased in the postoperative period. I suggest that antagonism of neuromuscular
blockade or emergence from anaesthesia, or both, evokes an adrenocortical
response which may obtund the beneficial effects of local anaesthesia.
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T able 6.1

Details of patients studied in Study 3 (mean values (SEM)).

RB group

GA group

GA+RB group

(n=10)

(n=10)

(n=10)

Age; years

82 (2.2)

77 (1.9)

75 (2.3)

Weight; kg

64 (5.9)

67 (3.8)

72 (3.9)

Sex

4M : 6F

IM :9F

4M :6F

18 (1.6)

18 (1.4)

Induction time; min

-

GA-^start of surgery
Induction time; min

16 (1.9)

-

13 (1.3)

LA-^start of surgery
Duration of surgery; min

30 (2.9)

24 (1.7)

25 (1.5)

Start of induction to

49 (4.2)

53 (2.5)

51 (1.6)

leaving theatre; min

82

1000 -1

800 -

Serum
Cortisol
(nmol/litre)

600

400 -

3

4

5

Sample Ti me s

Fig 6.1

Mean (SEM) serum cortisol concentration in the RB group (hatched
bars), GA group (solid bars) and GA+RB group (stippled bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = SOmin
after completion o f surgery; 6 = 60min after completion o f surgery;
7 = 120min after completion o f surgery.
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( mm ol /l)

3

4

5

Sample Times

Fig 6.2

Mean (SEM) blood glucose concentration in the RB group (hatched
bars), GA group (solid bars) and GA-\-RB group (stippled bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction of
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = SOmin
after completion o f surgery; 6 = 60min after completion o f surgery;
7 = 120min after completion o f surgery.
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Chapter Seven

The investigation of the effect of peribulbar blockade on the metabolic and
hormonal response to cataract surgery.

Introduction
The previous two chapters have shown that local anaesthesia given by
retrobulbar blockade inhibited the endocrine, and markedly decreased the
metabolic, changes occurring in patients undergoing cataract surgery with general
anaesthesia. Today retrobulbar block is performed less commonly, as peribulbar
blockade is becoming the technique of choice. In peribulbar blockade a larger
volume of local anaesthetic is injected around the orbit of the eye at one or two
injection sites, whereas in retrobulbar block a smaller volume is injected
intraconally towards the ciliary ganglion (Hamilton, 1990). Although the time to
onset of analgesia may be longer, peribulbar block has been shown to be as
effective as retrobulbar block in providing sensory blockade and akinesia (Weiss
and Deichman, 1989). Furthermore, serious side effects are decreased as the needle
is further from the dura and major blood vessels. The object of Study 4 was to
determine whether peribulbar block, with its anaesthetic solution placed more
peripherally, is as effective as retrobulbar block in decreasing the metabolic and
hormonal changes associated with cataract surgery performed under general
anaesthesia.

Study 4
Methods
30 elderly patients admitted for cataract surgery were investigated in this
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study. They were allocated randomly to receive either general anaesthesia (GA),
local anaesthesia by retrobulbar blockade (RB), or local anaesthesia by peribulbar
blockade (PB). Venous blood samples were collected up to 120 minutes after
completion of surgery and assayed for blood glucose and lactate and serum cortisol
concentrations. The techniques used for anaesthesia and the methods of analysis
of the blood samples are described in Chapter Four.

Results
There was no significant difference between the groups with respect to age,
weight, sex distribution, time for induction of anaesthesia or duration of surgery.
(Table 7.1) One patient in the RB group was excluded as he was found to be
diabetic on the basis of his baseline blood glucose concentration.
Serum Cortisol (Figure 7.1).
In the GA group, serum cortisol concentration increased from a baseline of
407 nmol/litre to a peak of 801 nmol/litre (p<0.01) 30 min postoperatively. In both
local anaesthetic (LA) groups, serum cortisol values varied little from the baseline
values of 441 nmol/litre in the PB group and 360 nmol/litre in the RB group. The
peribulbar data were consistently, but insignificantly, higher than the retrobulbar
values. Serum cortisol results in the PB and RB groups were significantly
decreased compared with those in the GA group during, and at the end of surgery
(p<0.05) and 30 and 60 min postoperatively (p<0.01).
Blood Glucose (Figure 7.2).
Blood glucose concentration in the GA group increased from a baseline of
4.8 mmol/litre to a peak of 6.0 mmol/litre 60 min postoperatively, although this
increase was not statistically significant. In contrast, both LA groups showed a
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slight decrease in blood glucose concentrations from a baseline of 4.1 mmol/litre
in the PB group to 3.6 mmol/litre 30 min postoperatively, and from 4.5 mmol/litre
to 4.1 mmol/litre in the RB group. However, two hours post-surgery there was a
significant increase in blood glucose (p<0.01) in both PB and RB patients because
both groups of patients had eaten. Blood glucose values were significantly
increased in the GA group compared with both RB and PB groups, at the end of
surgery and at 30 and 60 min post surgery (p<0.01).
Blood Lactate (Figure 7.3).
Blood lactate concentrations in the PB and RB groups decreased steadily
during surgery from their control values of 0.86 mmol/litre in the PB group and
0.70 mmol/litre in the RB group. This was more pronounced with PB, which fell
to a nadir of 0.53 mmol/litre at the end of surgery (p<0.01 during, and at the end
of surgery, and 60 min postoperatively), than with RB which fell to 0.51
mmol/litre at the end of surgery (p<0.05). Lactate values increased 120 min post
surgery in the PB and RB groups, coincident with the increase in blood glucose
(Figure 7.2). In the GA group, the blood lactate concentration showed a more
gradual decline during surgery, from 0.87 mmol/litre at the start to 0.57 mmol/litre
60 min postoperatively (p<0.05). There were no significant differences between the
three groups.

Discussion
The results show clearly that peribulbar blockade is as successful as
retrobulbar blockade in preventing the metabolic and hormonal response associated
with cataract surgery under general anaesthesia.
Retrobulbar anaesthesia was first described by Knapp in 1884, and has for
many years been an effective means of providing local anaesthesia for eye surgery.
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Rare, but nevertheless sight and life-threatening, complications have been reported,
the incidences varying in different studies from 1:375 (Ahn and Stanley, 1987) to
1:750 (Nicoll et al, 1987) (0.26 - 0.13%). Complications have included retrobulbar
haemorrhage (Davis and Mandel, 1986), optic nerve damage (Pautler et al, 1986),
bulbar perforation (Grizzard et al, 1991; Ramsay and Knobloch, 1978), central
retinal artery occlusion (Goldsmith, 1967), brain stem anaesthesia (Hamilton, 1985;
Javitt et al, 1987), respiratory arrest (Wittpenn et al, 1986; Rigg and James, 1989),
grandma! seizure (Meyers, Ramirez and Boniuk, 1978) and cardiopulmonary arrest
(Rosenblatt, May and Barsoumian, 1980). Local anaesthetic solution is deposited
within the muscle cone at the back of the orbit for a retrobulbar block (Fig 7.4).
In this anatomical space lie the ciliary ganglion, the optic nerve and the central
retinal artery. Thus, there is the danger of arterial injection leading to retrobulbar
haemorrhage or cardiorespiratory arrest, and of optic nerve damage leading to
visual loss. The optic nerve is covered by extensions of the meninges and it has
been shown that when solutions are injected beneath this meningeal sheath they
can pass posteriorly along the subdural space of the optic nerve to the subdural
space surrounding the pons and midbrain (Drysdale, 1984). This explains the
occurrence of central nervous symptoms, such as apnoea, reported after retrobulbar
block.
Peribulbar block was first described by Davis and Mandel in 1986, the same
paper being reprinted in a different journal in 1988. It utilises an extramuscular
injection, depositing local anaesthetic outside the muscle cone so that the needle
is kept well away from the site of the optic nerve and major vessels (Fig 7.5).
Spread of the injectate then occurs through the intermuscular septum into the
intramuscular compartment within the cone by simple diffusion aided by pressure
applied to the orbit (Hamilton, 1990). This accounts for the slightly longer onset
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of action with peribulbar block which, however, these results show is insignificant
in practice (Table 7.1). This orbital diffusion carries local anaesthetic to the third,
fourth, fifth, sixth and seventh cranial nerves and also to the ciliary ganglion
(Davis and Mandel, 1986), to provide good analgesia and also akinesia, without
the need for a separate seventh nerve block. Scleral perforation is less of a danger
with this technique but is still a possibility and has been reported (Kimble et al,
1987; Grizzard et al, 1991).
Davis and Mandel (1994) have conducted a large prospective multicentre
study of 16,224 peribulbar blocks and have shown that peribulbar is as effective
as retrobulbar anaesthesia in providing analgesia and akinesia, while leading to
fewer sight- and life-threatening complications. The incidence of orbital
haemorrhage was 0.074%, globe perforation 0.006%, expulsive haemorrhage
0.013% and grandmal seizure 0.006%. There were no cases of cardiac or
respiratory depression, or deaths.

In conclusion. Study 4 shows that peribulbar is as effective as retrobulbar
block in preventing the metabolic and hormonal response to cataract surgery, and
that diffusion of the local anaesthetic into the muscular cone is sufficient to
provide neural blockade of the ciliary ganglion.
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T able 7.1.

Details of patients studied in Study 4. Mean values (SEM).

GA group

RB group

PB group

(n=10)

(n=9)

(n=10)

Age; years

77 (1.9)

82 (2.2)

80 (1.9)

Weight; kg

67 (3.8)

64 (5.9)

61 (3.6)

Sex

1M:9F

4M:5F

4M:6F

Induction time; min

18 (1.6)

16 (1.9)

19 (1.7)

Duration of surgery; min

24 (1.7)

30 (2.9)

28 (2.7)

Start of induction to

53 (2.5)

49 (4.2)

51 (3.7)

leaving theatre; min

90
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Fig 7.1.

Mean (SEM) serum cortisol concentration in the PB group (open
bars), RB group (hatched bars), and GA group (solid bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = SOmin
after completion of surgery; 6 = 60min after completion o f surgery;
7 = 120min after completion o f surgery.
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Fig 7.2.

Mean (SEM) blood glucose concentration in the PB group (open
bars), RB group (hatched bars), and GA group (solid bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = SOmin
after completion o f surgery; 6 = 60min after completion o f surgery;
7 = 120min after completion o f surgery.
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Fig 7.3.

Mean (SEM) blood lactate concentration in the PB group (open
bars), RB group (hatched bars), and GA group (solid bars).
Sample 1 = before induction o f anaesthesia; 2 = after induction o f
anaesthesia; 3 = nuclear extraction; 4 = end o f surgery; 5 = SOmin
after completion o f surgery; 6 = 60min after completion o f surgery;
7 = 120min after completion o f surgery.
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Fig 7.4

Lateral view of injection site for retrobulbar blockade.
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Fig 7.5

Lateral view of injection sites for peribulbar blockade.
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Chapter Eight

The investigation of the effects of general and local anaesthesia on the
metabolic and hormonal changes during cataract surgery in non-insulindependent diabetic patients.

Introduction
The management of diabetic patients undergoing surgery is complicated by
the preoperative starvation necessary when general anaesthesia is used, the
postoperative starvation that is inevitable and the endocrine and metabolic
responses to that surgery. Using local anaesthesia, postoperative starvation is
unneccessary, as is starvation preoperatively, providing there is no conversion to
general anaesthesia. The previous chapters have described studies of non-diabetic
patients showing that cataract surgery under local anaesthesia, using either
peribulbar or retrobulbar blockade, markedly decreases the hormonal and metabolic
changes which occur in these patients undergoing their surgery with general
anaesthesia. The response of non-insulin dependent diabetes mellitus (NIDDM)
patients to surgical stress has not been fully elucidated, but there is general
agreement that control of blood glucose concentration, avoiding either hyper- or
hypoglycaemia, is of prime importance in the perioperative period (Milaskiewicz
and Hall, 1992). Study 5 compares the effects of local and general anaesthesia in
NIDDM patients undergoing cataract surgery on metabolic control in the
immediate perioperative period to determine whether there is an improvement
when the surgery is performed under local anaesthesia.
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study 5
Methods
Forty elderly patients admitted for cataract surgery were studied after
informed consent had been obtained. They were otherwise healthy and, apart from
oral hypoglycaemic agents, were not receiving any medication known to interfere
with the hormonal and metabolic responses to surgery. Twenty NIDDM patients
were allocated randomly to receive either general anaesthesia (GA) or local
anaesthesia (LA) by retrobulbar blockade, and twenty non-diabetic controls were
also studied after randomisation to general or retrobulbar anaesthesia.
General anaesthesia and retrobulbar blockade were administered as described
in Chapter Four. No intravenous fluids were given to any group throughout the
study. Postoperatively, LA patients were allowed to eat within 2h of their
operations, whereas the GA patients did not eat until after 4h had passed. This is
accordance with usual clinical practice in our unit.
Venous blood was collected from an antecubital fossa vein, as described in
Chapter Four. In this study, two control blood samples were collected ten minutes
apart, with further samples after induction of GA or LA, at the time of nuclear
extraction, on completion of surgery, and 30, 60, 120 and 240 min after
completion of surgery. Samples were assayed for blood glucose and lactate, plasma
non-esterified fatty acid and beta-hydroxybutyrate, and serum cortisol, insulin and
growth hormone concentrations.
A baseline value was obtained for each hormone and metabolite by
calculating the mean from the two control samples obtained before induction of
anaesthesia. The results are presented as mean (SEM) difference from baseline as
there were significant differences between baseline glucose and hormone values
in diabetic and control patients.
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Results
There was no significant difference between the groups with respect to age,
weight, sex distribution, time for induction of anaesthesia or duration of surgery.
(Table 8.1) One patient in the LA control group was excluded from the results as
insufficient data were collected. In the GA NIDDM group, six patients were taking
long-acting oral hypoglycaemic agents (glibenclamide or chlorpropamide), one was
taking short-acting tolbutamide, and three were treated by diet alone. In the LA
NIDDM group, four were taking long-acting agents (glibenclamide), one was
taking short-acting metformin and five were treated by diet alone.
Serum Cortisol (Figure 8.1).
Baseline values for serum cortisol were greater in the diabetic patients (GA
and LA NIDDM - 498 nmol/litre, GA and LA control - 401 nmol/litre (p<0.05)).
In both LA groups, serum cortisol concentrations changed little during and after
surgery, with a decrease in the diabetic patients postoperatively of 122 nmol/litre
(p<0.05) at 2h. In contrast, both GA groups had serum cortisol concentrations
which were unchanged after induction of anaesthesia, but increased during surgery
to reach a peak 30 min postoperatively. The GA NIDDM group increased by 399
nmol/litre (p<0.01) and the GA control group by 376 nmol/litre (p<0.01). By 4
hours postoperatively the concentrations in both GA groups had returned to
baseline. There was no statistically significant difference between the two LA
groups or the two GA groups, but the difference between the GA groups and the
LA groups was significant (p<0.05 at lens extraction, end of surgery and 1 hour
postoperatively, and p<0.01 30 min postoperatively).
Blood Glucose (Figure 8.2).
Baseline glucose values were also significantly greater in the diabetic
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patients than the controls (GA and LA NIDDM - 6.6 mmol/litre, GA and LA
controls - 4.6 mmol/litre (p<0.01)). In both LA groups, the blood glucose
concentrations varied little from their respective baselines until 2h postoperatively
when the LA patients ate. In contrast, blood glucose concentrations in the GA
NIDDM patients increased by 2.0 mmol/litre (p<0.05) by 2h postoperatively, while
the GA control group increased by only 1.2 mmol/litre (p<0.05) by Ih
postoperatively. The increase in glucose concentrations in the GA patients was
significantly greater than that in both the LA groups at the end of surgery and at
30 and 60 min postoperatively (p<0.05).
Serum Insulin (Figure 8.3).
Baseline insulin concentrations were greater in the diabetic patients
compared with the controls, but this was not significant. (GA and LA NIDDM 17.7 mU/Iitre, GA and LA control - 11.9 mU/litre). All four groups followed a
similar pattern during surgery, with serum insulin concentrations falling by 5.7
mU/litre (p<0.01) in the GA NIDDM group, 3.9 mU/litre (p<0.01) in the LA
NIDDM group, 3.2 mU/litre (p<0.05) in the GA controls, and 2.3 mU/litre
(p<0.01) in the LA controls at the end of surgery. Postoperatively, serum insulin
concentration increased by 7.4 mU/litre (p<0.01) in the GA control group at Ih to
coincide with the peak in blood glucose concentrations, but in the GA NIDDM
group, there was no rise in serum insulin despite the greater blood glucose
concentrations seen in that group. There was no significant difference in insulin
concentrations between the two GA groups. In both LA groups, insulin
concentrations increased markedly postoperatively when the patients ate, by 16.8
mU/litre (p<0.01) at 4h in the LA NIDDM group, and by 30.2 mU/litre (p<0.01)
at 2h in the LA control group. Thus, there was a significant difference in the
response between the GA and LA groups at 2 and 4h postoperatively (p<0.05).
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Blood Lactate (Table 8.2).
There was no significant difference in baseline blood lactate concentrations
between the groups (GA and LA NIDDM - 0.98 mmol/litre, GA and LA control 0.76 mmol/litre). In the LA controls, concentrations decreased by 0.20 mmol/litre
at the end of surgery (p<0.01), before rising 2h postoperatively by 0.23 mmol/litre
(p<0.05) when the patients ate. The LA NIDDM patients followed a similar
pattern, with concentrations decreasing by 0.23 mmol/litre Ih postoperatively
(p<0.05), but with no subsequent rise at 2 and 4h as in the control group, even
though these patients also ate at this time. In the GA control group, concentrations
gradually declined throughout the study period, reaching statistical significance
(p<0.05) at 30, 60, and 240 min postoperatively, whereas in the GA NIDDM
group, concentrations increased by 0.09 mmol/litre at the end of surgery, then
decreased by 0.24 mmol/litre (p<0.01) 2h postoperatively. There were no
significant differences between the groups.
Plasma Non-Esterified Fatty Acids (Table 8.2).
There was no significant difference in baseline plasma non-esterified fatty
acids (NEFA) concentrations between the groups (GA and LA NIDDM - 0.88
mmol/litre, GA and LA controls - 1.05 mmol/litre). In all groups, concentrations
fell gradually throughout the study, with a sudden decrease in the LA control
group of 0.8 mmol/litre (p<0.01) at 4h postoperatively when the patients ate. The
other three groups also had concentrations which decreased, although less
markedly, by 0.22 mmol/litre (p<0.01) in the GA NIDDM group, 0.41 mmol/litre
(p<0.05) in the LA NIDDM group, and 0.30 mmol/litre (p<0.05) in the GA
controls after 4h. There was a significant difference between the LA control group
and the other three groups (p<0.05) at 2h, and between the LA control group and
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both GA groups (p<0.05) at 4h postoperatively.
Plasma Beta-Hydroxybutyrate (Table 8.2).
Baseline values for plasma beta-hydroxybutyrate (bOH) were GA and LA
NIDDM - 43 pmol/litre, GA and LA controls - 54 |Limol/litre. Concentrations
varied little in all four groups during the study, until declining postoperatively in
LA control patients when they ate, from 69 inmol/litre to 8 p,mol/litre at 2h.
Serum Growth Hormone.
There was little change in growth hormone concentrations, with the majority
of values falling below the concentration measurable with the assay technique.
(<1.0 mU/litre)

Discussion
The results of Study 5 show that NIDDM patients undergoing cataract
surgery under general anaesthesia have a marked cortisol and glucose response to
surgery which is prevented by performing the surgery under local anaesthesia, in
the same way as it is in non-diabetic patients. The previous chapters have
demonstrated the extent of the metabolic and hormonal response to cataract surgery
in non-diabetic subjects when this is performed under GA, and shown how this
is completely abolished by performing the surgery under LA, whether by
retrobulbar or peribulbar blockade. This is now shown to occur in NIDDM
patients.
Non-insulin dependent diabetes mellitus affects 5-7% of the population
(Yki-Jarvinen, 1994) and 10% of those over 70 years (Williams, 1994). It is a
common problem in patients needing cataract surgery, 16% of whom, in one study,
had diabetes (Fisher and Cunningham, 1985). It is characterised by impaired p cell
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function and is associated with insulin resistance (Yki-Jarvinen, 1994), but is not
usually associated with ketoacidosis (Milaskiewicz and Hall, 1992), and normal
circulating beta-hydroxybutyrate values were found in this study.
A diagnosis of diabetes is considered when the fasting blood glucose
concentration is more than 7.0 mmol/1 (WHO criteria). It can be seen that the
fasting glucose values in our diabetic patients were relatively low, indicating
adequate treatment. Many of them had only a mild form of NIDDM, since 8 out
of 20 NIDDM patients were on diet alone. Ten out of 20 were taking the longacting oral hypoglycaemic agents, chlorpropamide and glibenclamide. These agents
are known to have a prolonged action; chlorpropamide because it is cleared slowly
and excreted unchanged, and glibenclamide because it accumulates in the p cells
and its metabolites retain hypoglycaemic activity (Williams, 1994). Although the
patients had not taken their morning medication, the effects of agents taken the
previous night might account for the relatively low glucose values. These low
values are likely to be beneficial to patients. One study of diabetic patients having
coronary artery bypass surgery, found the preoperative blood glucose concentration
to be an important predictor of late mortality (Lawrie, Morris and Glaeser, 1986).
The acceptable upper limit of fasting blood glucose concentration
recommended in NIDDM patients on treatment is 7.8 mmol/1 (Williams, 1994).
Wound healing is impaired and infection more likely with higher glucose
concentrations. In experimental animals, concentrations above 13.7 mmol/1 have
been shown to impair granulocyte phagocytosis, granulocyte chemotaxis.
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granulocyte killing of bacteria, granulocyte adherence, synthesis of proto-collagen
and collagen, capillary ingrowth and fibroblast proliferation (Milaskiewicz and
Hall, 1992). Recent work in insulin dependent diabetic patients has shown the
importance of maintaining normal glucose concentrations in preventing diabetic
complications (Diabetes Control and Complications Trial Research Group, 1993).
The importance of good glycaemic control in NIDDM patients is one of the issues
currently being examined by the UK Prospective Diabetes Study Group (1991),
which is looking at 5000 NIDDM patients and is due to report in 1996.
Serum cortisol concentrations in the diabetic patients in this study also
showed a similar pattern of response to those in the non diabetic patients (Figure
8.1 and see previous chapters). Under GA, serum cortisol concentrations in the
diabetic patients increased nearly twofold by 30 min postoperatively, before
decreasing to baseline values by 4h. In both LA groups, whether diabetic or not,
concentrations remained relatively constant. Blood samples were taken for 4h after
operation as pilot studies had indicated that the hormonal response to cataract
surgery was complete by this time. Baseline cortisol concentrations were higher in
the diabetic patients than in the control patients, and although remaining relatively
constant in the LA patients, were always greater in the diabetic than the non
diabetic

patients

throughout the

study.

Some

investigators

have

found

hypercortisolism and elevated plasma ACTH levels in diabetic subjects (Cameron
et al, 1987), whereas others have failed to demonstrate any alterations of the
hypothalamic-pituitary-adrenal (HPA) axis in these patients (Asfeldt, 1972). It has
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been suggested that increased ACTH and cortisol values correlate positively with
the duration of diabetes (Roy, Collier and Roy, 1990) and degree of retinopathy
(Vermes et al, 1985; Roy, Collier and Roy, 1990), but not everyone has been able
to show this association. However, it has been shown that there is a link between
the activity of the HPA axis and diabetic polyneuropathy, which is almost
invariably associated with autonomic nervous dysfunction (Tsigos, Young and
White, 1993). It may be that central, as well as peripheral, catecholaminergic
pathways are affected in long-term diabetes. Although this study demonstrates
elevated baseline cortisol concentrations in the diabetic patients, they showed no
signs of peripheral neuropathy nor obvious autonomic dysfunction, but these were
not examined specifically.
Insulin concentrations remained fairly constant during surgery in all groups,
even though blood glucose concentrations were elevated in the GA patients. One
hour post surgery in the GA control patients, however, insulin concentrations
increased in response to the hyperglycaemia. There was no insulin response to the
raised glucose values in the GA diabetic patients, either intra- or post-operatively,
even though their glucose concentrations were greater than the control patients and
remained so for a longer time. In the LA control patients, insulin concentrations
increased markedly when they ate; the response to eating in the diabetic LA
patients was less marked but still present. The relative lack of insulin response to
either hyperglycaemia during surgery or food intake in the diabetic patients can be
explained by the p cell dysfunction characteristic of these patients (Hall, 1985).
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There was little difference between the groups in lactate, non-esterified fatty
acids and beta-hydroxybutyrate concentrations until the LA control patients ate,
when their lactate concentrations increased, and their NEFA and betahydroxybutyrate concentrations fell. This occurred to a much lesser extent in the
LA NIDDM patients. Glucose utilisation is associated with lactate production,
while raised glucose values stimulate secretion of insulin, which inhibits lipolysis.
Concentrations of beta-hydroxybutyrate decline when lipolysis is inhibited. These
effects were all less pronounced in NIDDM patients due to the lack of insulin and
resistance to its effects, thereby decreasing glucose utilisation and maintaining
lipolysis.

In conclusion, the combination of preoperative and postoperative starvation,
metabolic and endocrine responses to surgery under GA, and the aberrant
metabolic responses of the diabetic patient leads to poor diabetic control. This
study demonstrates that, by performing surgery under LA, the problem of the
metabolic and endocrine response to surgery is prevented as is the necessity for
postoperative starvation. These patients were starved preoperatively and did not
receive their hypoglycaemic medication on the morning of surgery to standardise
the LA and GA groups. It may be that there is no need to stop their normal
medication or starve the patients for LA, as long as it is recognised there can be
no conversion to GA or sedation used during the procedure, but this requires
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further

investigation.

However,

even with preoperative

starvation,

early

postoperative feeding means that the use of LA can provide minimal interruption
of the normal daily routine of meals and treatment for the NIDDM patient, thus
maintaining their metabolic stability.
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T able 8.1. Details o f patients studied. Mean values (SEM), (ranges for age).

Group 1
GA - NIDDM
(n=10)

Group 2
LA - NIDDM
(n=10)

Group 3
GA - control
(n=10)

Group 4
LA-ooiÉnol
(n=9)

Age (years)

76 (47-87)

81 (72-87)

77 (69-88)

82(71-91)

Weight (kg)

71 (5.3)

68 (2.4)

67 (3.8)

64 (5.9)

Sex

4M:6F

3M:7F

1M:9F

4M:5F

Induction time (min)

13 (0.9)

16 (1.5)

18 (1.6)

16 (1.9)

Duration of surgery
(min)

31 (2.7)

26 (1.2)

24 (1.7)

30 (2.9)

Start of induction to
arrival in recovery
(min)

52 (2.5)

47 (1.7)

53 (2.5)

49 (4.2)

4

2
2

Oral hypoglycaemic
drugs
Glib
Glib + Met
Chlorpropamide
Tolbutamide
Metformin
Diet alone

2
1
1
5

3
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Baseline

Sample 1

Sample 2

Sample 3

Sample 4

After
induction

Nuclear
extraction

End of
surgery

30 min

Sample 5
60 min
post - operatively

San^)le 6

Sample 7

120 min

240 min

Lactate (mmol/1)
GA control
GA NIDDM
LA control
LA NIDDM

0.81
0.87
0.71
1.09

(0.06)
(0.13)
(0.09)
(0.16)

-0.13
+0.03
+0.01
-0.01

(0.06)
(0.05)
(0.04)
(0.06)

-0.07
+0.06
-0.10
-0.15

(0.07)
(0.07)
(0.07)
(0.07)

-0.14
+0.09
-0.20
-0.05

(0.08)
(0.07)
(0.05)**
(0.07)

-0.21
-0.11
-0.16
-0.23

(0.07)*
(0.08)
(0.0Q
(0.07)

-0.24
-0.22
-0.02
-0.23

(0.08)*
(0.06)
(0.09)
(0.09)*

-0.10
-0.24
+0.23
-0.22

(0.12)
(0.08)**
(0.12)*
(0.18)

-0.20
-0.15
+0.08
-0.14

(0.06)*
(0.11)
(0.11)
(0.11)

NEFA (mmol/1)
GA control
GA NIDDM
LA control
LA NIDDM

1.01
1.04
0.99
0.69

(0.10)
(0.07)
(0.17)
(0.17)

-0.13
+0.01
-0.10
-0.12

(0.06)
(0.07)
(0.07)
(0.07)

-0.12
-0.08
-0.01
-0.11

(0.10)
(0.09)
(0.09)
(0.07)

-0.07
-0.12
-0.08
-0.08

(0.12)
(0.12)
(0.09)
(0.07)

-0.09
-0.15
-0.21
-0.13

(0.15)
(0.09)
(0.13)
(0.11)

-0.04
-0.15
-0.14
-0.04

(0.14)
(0.08)
(0.20)
(0.15)

-0.23
-0.18
-0.70
-0.08

(0.11)
(0.11)
(0.17)
(0.20)

-0.30
-0.22
-0.80
-0.41

(0.13)*
(0.06)**
(0.20)**
(0.18)*

bOH (umol/1)
GA control
GA NIDDM
LA control
LA NIDDM

42
45
69
41

(11)
(11)
(14)
(11)

Table 8.2

+24(7)
+15(6)
+10 (9)
+1(5)

+28 (10)
+14 (5)
+23 (14)
+1(5)

+40(12)
+6(8)
+34 (15)
+3(5)

+38
+37
-10
+22

+19 (12)
+15 (17)
+28 (17)
+5 (13)

(14)
(25)
(14)
(20)

+12 (10)
+36 (19)
-61 (20)
+2 (18)

Differences between groups

ns

p<0.05
sample 6
LAcontrol/
other groups

ns

Mean (SEM) difference from baseline of blood concentrations o f lactate and beta hydroxybutyrate (bOH), and
plasma concentrations o f non-esterified fatty acid (NEFA). Significant difference from control: * = p < 0 .05, **
p<0.01, ns = not significant. (Insufficient data obtained for analysis o f bOH from sample 7).
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p<0.05
sample 7
LAcontrol/
GA groups

500 1
400 300 -

Serum
Cortisol
( n mo l / l i t r e )

200 ^
100

-

0
-100 1

-200

3

4

5

Sample Ti mes

Fig 8.1.

Serum cortisol concentration (nmolllitre). Mean (SEM) difference
from baseline in the GA control group (solid bars), GA NIDDM
group (stippled bars), LA control group (broad hatched bars), and
LA NIDDM group (narrow hatched bars).
Sample 1 = after induction of anaesthesia; 2 = nuclear extraction;
3 = end of surgery; 4, 5, 6, 7 = 30, 60, 120 and 240 min after
completion of surgery, respectively.

109

Blood
Glucose
( mmo l / l i t r e )
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3

4

5
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Fig 8.2.

Blood glucose concentration (mmolllitre). Mean (SEM) difference
from baseline in the GA control group (solid bars), GA NIDDM
group (stippled bars), LA control group (broad hatched bars), and
LA NIDDM group (narrow hatched bars).
Sample 1 = after induction of anaesthesia; 2 = nuclear extraction;
3 = end of surgery; 4, 5, 6, 7 = 30, 60, 120 and 240 min after
completion of surgery, respectively.
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Fig 8.3.

Serum insulin concentration (mUllitre). Mean (SEM) difference
from baseline in the GA control group (solid bars), GA NIDDM
group (stippled bars), LA control group (broad hatched bars), and
LA NIDDM group (narrow hatched bars).
Sample 1 = after induction of anaesthesia; 2 = nuclear extraction;
3 = end of surgery; 4, 5, 6, 7 = 30, 60, 120 and 240 min after
completion of surgery, respectively.
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Chapter Nine

The investigation of postoperative morbidity following cataract surgery
under either general or local anaesthesia.

Introduction
The previous chapters have shown that local anaesthesia (LA) for cataract
surgery, using either retrobulbar or peribulbar blockade, prevents the metabolic and
hormonal changes that occur when surgery is performed under general anaesthesia
(GA), and provides better cardiovascular stability. The stability conferred may be
beneficial in the elderly patients who frequently undergo this type of surgery.
However, it is also important to the patient how they feel after their operation, and
a questionnaire was devised to enquire about pain, nausea, vomiting and other
common postoperative symptoms to see if either LA or GA conferred a benefit.

Study 6
Methods
Two hundred and thirty one patients undergoing cataract surgery were
investigated. They were all operated on by one surgeon, and received either LA,
using retrobulbar or peribulbar blockade, or GA. None of the patients were
premedicated. The techniques used for retrobulbar and peribulbar blockade, and for
general anaesthesia have been described in Chapter Four. No analgesics were given
intraoperatively. Analgesics, either oral paracetamol or intramuscular pethidine,
were available postoperatively if required. Next morning, before discharge, the
patients were questioned by the nursing staff about postoperative sequelae, using
the questionnaire shown on page 120.
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The forms were collected and the difference between the groups analyzed
using the chi-squared test.

Results
Of the 231 patients questioned, 119 received LA, and 112 received GA.
There were no significant differences between the groups with respect to age and
weight, although there were more females than males in both groups (Table 9.1).
The results are shown in Table 9.2. There was no significant difference in the
incidence of vomiting, headache or double vision between the two groups. 21% of
the GA group had nausea as opposed to only 3% of the LA group (p<0.01), and
41% of the GA group complained of a sore throat compared with 3% in the LA
group (p<0.01). Bruising of the eye occurred in 15% of the GA group, and 39%
of the LA group (p<0.01).
The incidence of pain in the two groups was very similar, slightly more of
the LA group experiencing severe pain in the eye postoperatively than the GA
group (12% vs 8%, not significant (ns)). Similar proportions of patients in each
group experienced mild pain (53% LA and 58% GA, ns) and no pain (35% LA,
34% GA, ns). All pain was controlled with oral analgesics.
The time from surgery to drinking and eating was markedly shorter in the
LA group (1.3h and 1.8h respectively) than in the GA group (4.1h and 6.7h,
p<0.01). While 45% of patients in the LA group considered they would have been
able to go home on the day of surgery, 34% of the GA patients also felt this would
have been possible (ns). The majority of patients in both groups would be prepared
to repeat the same technique for a further eye operation (80% LA; 86% GA);
however, 20% (24) would prefer not to have LA again, and 14% (16) would prefer
not to have a GA. Thirteen LA patients and nine GA patients gave no reason for
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preferring to change their form of anaesthesia. Of those who did not want a GA
again, four said it was because of the "after effects" of the anaesthetic; either it
was non-specifically "unpleasant", or because of sickness. One patient thought that
LA would have been "quicker", one patient said that they "did not like lying flat",
and one patient said it was painful. Of those who did not want a repeat LA, four
disliked the injection, one because it made her "tremble", the rest because it was
painful; five found the operation painful. Two patients said they would just prefer
to be asleep.

Discussion
Many patients currently undergo lens extraction under local anaesthesia,
increasingly on a day stay basis. The previous studies have shown some
advantages of LA, as regards metabolic, hormonal and cardiovascular stability, but
it is important to find out if our practice is acceptable to the patients. Some
patients express apprehension at the thought of being awake for their operation, but
80% of the LA group found this technique acceptable and would be prepared to
have the same form of anaesthesia again. General anaesthesia tends to be given to
those who specifically request this form of anaesthesia and this study found that
86% of the GA group would be happy to repeat this technique at a subsequent
operation.
Retrobulbar injections, especially when combined with a facial block, can
be painful; four patients in the LA group complained of this. Peribulbar injections
are generally less so, and can be made almost painless by the use of a careful
technique involving the use of local anaesthetic solutions at body temperature,
diluted with balanced salt solution, and very fine 25 - 30 gauge needles (Bloom,
Scheie and Yanoff, 1984; Korbon, Hurley and Williams, 1987). These techniques
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were not all in general use in the hospital at the time of this study. The use of such
manoeuvres, combined with full explanations, can go a long way to reassure the
patients and improve the acceptance of LA.
Some of the findings of the questionnaire were predictable. The incidence
of nausea was greater in those receiving GA, and vomiting was also more
common, although, fortunately, the incidence was low. This may have been
because opioids were not used peroperatively. Sore throat occurred more frequently
in the GA group as all these patients were intubated. The use of laryngeal masks,
which is becoming increasingly popular, may help to reduce this problem. The
incidence of headache was slightly increased in the GA group, which might be
explained by the longer starvation time in these patients. Bruising of the eye was
more common after the local anaesthetic injection.
Several interesting points arose from the questionnaire. The first is the
incidence of postoperative pain. This was found to be similar in the two groups;
an unexpected finding since one would expect the LA group to be fully pain-free
on the completion of surgery, while the GA group had no intraoperative analgesics.
Indeed a third of the patients had no pain at all. A little over half of all the patients
suffered mild pain, although only a third took oral analgesics. A surprising finding
was that there was slightly more pain rated as severe in the LA group. It could be
that discomfort or pain occurred as the LA wore off, or that the bruising, which
was more common after LA, was the cause of the increased pain. There was
certainly no evidence from this study that the use of LA as a form of preemptive
analgesia conferred any benefit over GA without analgesia.
Another question we asked concerned the acceptability of day surgery. At
the time of this study most patients having cataract surgery were treated as
inpatients. At present, a significant proportion have their surgery in the Day
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Surgery Unit under LA. If patients are suitable medically and socially and agree
to have LA and go home the same day, they are treated as day patients. Those that
have inadequate social circumstances, such as a suitable escort, or prefer GA, are
admitted for surgery. Our results show that 45% of the LA patients felt able to go
home on the same day as their operation. No account was made of whether these
patients met the Day Unit criteria for discharge; it was the patient's opinion,
knowing what was entailed in their operation. A larger proportion may be
encouraged to take up this option in the future, even though our data suggest that
55% of the patients were glad of the facility to stay in the hospital overnight.
However, 34% of the GA patients also felt able to have gone home the same day.
In most previous reports on day case cataract surgery, LA has been used
exclusively (Lowe et al, 1992; Chell, Shah and Fielder, 1994). Nevertheless,
modem general anaesthesia enables most patients, including the elderly, to be fully
ambulant on the day of surgery, and recent papers describe the successful use of
GA for cataract surgery in the Day Surgery Unit (Strong et al, 1992; Moffat and
Cullen, 1995). Provided that the patient's medical condition is stable and they have
suitable home circumstances, the results of this study suggest that cataract surgery
under GA in the Day Unit is acceptable to some patients, even though this is an
elderly population.
The patients in the LA group were drinking and eating within two hours of
their operations; indeed some were eating their lunch within minutes of arriving
back on the ward. It took several hours before the GA patients were able to do
this. Thus LA proved less disruptive to patients' routine, which is especially
beneficial in the case of the diabetic patient (see Chapter Eight).
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In conclusion, the results of our questionnaire suggest that, although a
patient having LA is more likely to get bruising around their eye, they are less
likely to experience nausea and sore throat and will return to eating and drinking
far sooner following their surgery, than if they were to receive a GA.
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T able 9.1

Details o f patients studied in Study 6 (mean values (SEM)).

LA group

GA group

n=119

n=112

Age; years

80 (2.1)

75 (3.4)

Weight; kg

63 (1.6)

66 (2.0)

37M : 82F

31M : 81F

Sex
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Table 9.2.

Incidence of postoperative complications.
Significant difference between groups shown by ** p<0.01, otherwise
differences were not significant.

LA

GA

n=119

n=112

4(3%) ♦♦

23 (21%)

Vomiting

2 (2%)

7 (6%)

Headache

35 (29%)

38 (34%)

Nausea

Sore throat
Double vision
Bruising of eye
Pain - Severe

3(3%)
8 (7%)
46 (39%)

46 (41%)
8 (7%)
17 (15%)

14 (12%)

9(8% )

Mild

63 (53%)

65 (58%)

None

42 (35%)

38 (34%)

33 (28%)

30 (27%)

Time to drink (h)
mean(SD)

1.3 (1.3) ♦♦

4.1 (2.2)

Time to eat (h) mean(SD)

1.8 (1.8) ♦♦

6.7 (3.5)

Able to have gone home
same day

54 (45%)

38 (34%)

Prepared to have same
technique again

95 (80%)

96 (86%)

Required oral analgesics
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Name....

Date.......................

LA/GA

Time of operation.

Sex:

Recovery..............

QUESTIONNAIRE
At any time after your operation yesterday Did you feel sick?

YES/NO

Did you vomit?

YES/NO

Did you have pain in your eye?

Severe/ Slight/ No pain

Did you have a headache?

YES/NO

Did you have a sore throat?

YES/NO

Did you have any double vision?

YES/NO

Did you need to take any pain killers
yesterday?

YES/NO

today?

YES/NO

Do you now have bruising round your eye?

YES/NO

When did you first drink after your operation?

Time.....................

When did you first eat after your operation?

Time.....................

If it had been practical, would you have been
happy to go home last night?

YES/NO

Would you have the same form of anaesthetic
again?

YES/NO

If NO, why not?............................................................
Would you rather try the other technique
for a future operation?

YES/NO

Have you had the other eye operated on?

YES/NO
GA or LA

COMMENTS:
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Chapter Ten

Discussion

The studies that comprise this thesis have demonstrated the extent of the
metabolic and hormonal responses to cataract surgery when this is performed under
general anaesthesia (GA), and have shown how these responses are prevented
when the surgery is performed under local anaesthesia (LA), whether by
retrobulbar or peribulbar blockade. Study 2 demonstrated the cardiovascular
stability associated with LA. Study 3 demonstrated that the changes occurred in
response to the surgery, as opposed to general anaesthesia itself, although there
were changes in plasma cortisol concentrations seen on waking from anaesthesia.
Study 5 demonstrated that LA prevented the metabolic and hormonal alterations
associated with cataract surgery in those patients with non-insulin dependent
diabetes (NIDDM) in the same way as with the non diabetic patient. Finally, Study
6 showed the patients' acceptance of LA and the reduction in postoperative
morbidity with this technique.
The changes associated with the stress response to surgery were detailed in
Chapters Two and Three, and this thesis investigated these during cataract surgery.
However, it is valid to ask whether these changes are a necessary phenomenon
which are beneficial to the patient, or whether they are detrimental and better
prevented.
It is thought that the hormonal response to trauma evolved to protect the
injured animal in a primitive environment in which they may be unable to find
adequate food and water. Thus sodium and water is conserved and substrate
mobilisation is initiated in preparation for reparation of the tissues. However,
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during elective surgery, physiological homeostasis is maintained and it can be
argued that there is no need for these changes. Kehlet (1982) has suggested that
it may be beneficial to decrease the endocrine and metabolic response to surgery.
Studies of clinical outcome are needed to determine whether the stress
response is beneficial or detrimental. Yeager and colleagues (1987) conducted a
randomised trial of patients undergoing major surgery using either epidural
anaesthesia with the neural blockade maintained for 8-79h

(mean 31h)

postoperatively, or fentanyl anaesthesia with parenteral narcotics postoperatively.
Urinary cortisol secretion was significantly less in the epidural group in the first
24h postoperatively. These patients also had a significantly reduced overall
complication rate, which included a decreased incidence of cardiovascular failure
and major infections; hospital costs were significantly less in the epidural group.
There were methodological problems with this study. The number of patients
studied was small, and some aspects of the perioperative management of the
patients were inadequately controlled. Firm conclusions cannot be made.
Scott and Kehlet (1988) also found beneficial effects of regional anaesthesia
on postoperative morbidity, but only after conducting a m eta-analysis of many
studies. They looked at mortality after hip surgery; and at pulmonary and vascular
complications, infections, blood loss, cerebral function and the incidence of deep
venous thrombosis after various forms of major surgery. They concluded that
morbidity decreased for operations below the umbilicus performed under regional
anaesthesia, which could be associated with the reduced stress response with this
technique. However, this improvement was not statistically significant. The only
statistically significant findings were in the reduction of blood loss and the
decreased incidence of deep venous thrombosis in hip and pelvic surgery. There
was less evidence for a reduction in morbidity in upper abdominal and thoracic
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operations in which regional anaesthesia has little influence on the stress response.
Anand, Sipell and Aynsley-Green (1987) studied two different anaesthetic
techniques in neonates undergoing surgery for patent ductus arteriosus repair. They
found that fentanyl 15pg/kg prevented the increase in blood glucose and plasma
adrenaline concentrations seen in neonates who were not given fentanyl, and
clinical outcome was said to be improved.
An intact inflammatory response to injury is probably needed to aid healing
as shown by attempts to suppress interleukin-6 production with high dose steroids
(Schulze et al, 1992). This was associated with impaired wound healing. However,
immunoendocrine reactions to stress may contribute to the development of
postoperative immunosuppression. Rem, Brandt and Kehlet (1980) have shown that
surgery is associated with lymphopenia and granulocytosis, which is prevented by
epidural anaesthesia. They suggested that inhibiting the endocrine and metabolic
response to surgery may prevent postoperative immunosuppression.
Thus, there are some studies which give limited support to the idea that the
stress response is detrimental in the healthy patient undergoing routine surgery.
This may not apply to the critically ill patient. When etomidate was used for
sedation in critically ill patients, there was an increased mortality secondary to
cortisol suppression (Ledingham and Watt, 1983). However, Lacoumenta and
colleagues (1986) found no deleterious effects when etomidate infusions were used
in healthy patients during routine surgery, despite the decrease in plasma cortisol
which reached a nadir of 127 nmol/litre after two hours of surgery.
Further studies are needed to more fully elucidate the influence of the stress
response on clinical outcome.
The general anaesthetic technique chosen for the patients in this thesis was
in common use when the studies began. Premedication and opiate analgesics were
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avoided, as in pilot studies they were found to be unnecessary, and the technique
needed to be standardised. General anaesthesia has progressed, such that laryngeal
masks are now in common use. Future studies should look at the endocrine and
metabolic changes associated with cataract surgery under GA with the patient
breathing spontaneously on a laryngeal mask. The changes may be similar to those
of the intubated and ventilated patient, but theatre times may be shortened, since
there is no need to reverse neuromuscular blockade. It would be interesting to
determine

if the

changes in plasma cortisol

concentration

immediately

postoperatively in those patients receiving combined GA and LA were less with
a GA involving a laryngeal mask and spontaneous respiration.
Future studies should also be directed at the effects of other anaesthetic
agents during GA. Mivacurium, as an alternative to vecuronium, removes the need
to use neostigmine at the end of surgery. Opiate analgesics could be given
intraoperatively, although the available evidence suggests that doses compatible
with cardiovascular stability and the ability to breathe postoperatively do not
change the metabolic and hormonal response to surgery. Certainly the patients in
these studies did not wake in pain, even though they had not received analgesics.
The effects of premedication should be examined, as might the effects of
obtunding the pressor response to intubation. However, there was no indication
from these studies of any change in the metabolic and hormonal response with
intubation.
One important variable that was not measured during these studies was the
interleukin-6 (IL-6) response to cataract surgery. Evidence from the studies in the
thesis suggests that changes in IL -6 would be small, as the trauma to the tissues
is slight. However, this supposition needs to be substantiated.
Other local anaesthetic techniques, as discussed in Chapter One, are also
124

used for cataract surgery. It would be useful to determine how effective they are
in obtunding the hormonal and metabolic changes caused by the surgery.

In conclusion, this thesis has demonstrated the benefits of local anaesthesia
for cataract surgery in the elderly patient. Both retrobulbar and peribulbar blockade
prevent the hormonal and metabolic changes associated with cataract surgery under
general anaesthesia, and maintain cardiovascular stability. The importance of this
in the non-insulin dependent diabetic patient is demonstrated and ideas for future
research are discussed.

125

C hapter Eleven

References

Ahn JC, Stanley JA. (1987). Subarachnoid injection as a complication of
retrobulbar diXïàtsXh&sidi.American Journal o f Ophthalmology 103: 225-230.
Anand KJS, Sipell WG, Aynsley-Green A. (1987). Randomised trial of fentanyl
anaesthesia in preterm babies undergoing surgery: effect on the stress
response. Lancet 1: 243-248.
Armitage P, Berry G (eds). (1994). Statistical Methods in Medical Research, 2nd
edn. Blackwell Scientific Publications 186-193, 214-222.
Asfeldt VH. (1972). Hypophyseo-adrenocortical function in diabetes mellitus.
Acta Medica Scandinavica 191: 349-354.
Atkinson WS. (1953). Akinesia of the orbicularis. American Journal of
Ophthalmology 36: 1255-1258.
Ausinsch B, Graves SA, Munson ES, Levy NS. (1975). Intraocular pressure in
children during isoflurane and halothane anesthesia. Anesthesiology 42:
167-172.
Backer CL, Tinker JH, Robertson DM, Vlietstra RE. (1980). Myocardial
reinfarction following local anesthesia for ophthalmic surgery. Anesthesia
and Analgesia 59: 257-262.
Badrinath SK, Braverman B, Ivankovich AD. (1988). Alfentanil and sufentanil
prevent the increase in TOP from succinylcholine and intubation.
Anaesthesia and Analgesia 67: S5.
Batterbury M, Wong D, Williams R, Kelley J, Mostafa SM. (1992). Peribulbar
anaesthesia: failure to abolish the oculocardiac reflex. Eye 6: 293-295.
Bengtsson M, Nilson GE, Lofstrom JB. (1983). The effect of spinal analgesia on
skin

blood

flow,

evaluated

by

laser

Doppler

flowmetry.

Acta

Anaesthesiologica Scandinavica 27: 206-210.
Bengtsson M, Lofstrom JB, Malmquist L-A . (1985). Skin conductance responses
126

during spinal dind\gç.s\di. Acta Anaesthesiologica Scandinavica 29: 67-71.
Bent JM, Paterson JL, Mashiter K, Hall GM. (1984). Effects of high-dose
fentanyl anaesthesia on the established metabolic and endocrine response to
surgery. Anaesthesia 39: 19-23.
Blichert-Toft M, Christensen V, Engquist A, Fog-M oller F, Kehlet H, Nistrup
Madsen S, Skovsted L, Thode J, Olgaard K. (1979). Influence of age on the
endocrine-metabolic response to swigQiy. Annals of Surgery 190: 761-770.
Bloom HL, Scheie HG, Yanoff M. (1984). The warming of local anesthetic
agents to decrease discomfort. Ophthalmic Surgery 15: 603.
Boden G, Soeldner JS. (1967). A sensitive double antibody radioimmunoassay
for human growth hormone (HGH): levels of HGH following rapid
tolbutamide infusion. Diabetologia 3: 413-421.
Bone RC. (1991). The pathogenesis of sepsis. Annals o f Internal Medicine 1991;
115: 457-469.
Bovill JG, Sebel PS, Fiolet JWT, Touber JL, Kok K, Philbin DM. (1983). The
influence of sufentanil on endocrine and metabolic responses to cardiac
surgery. Anesthesia and Analgesia 62: 391-397.
Brahma AK, Pemberton CJ, Ayeko M, Morgan LH. (1994). Single medial injection
peribulbar anaesthesia using prilocaine. Anaesthesia 49: 1003-1005.
Brandt MR, Korshin J, Prange Hansen A, Hummer L, Nistrup Madsen S, Rygg I,
Kehlet H. (1978). Influence of morphine anaesthesia on the endocrinemetabolic response

to

open-heart

surgery. Acta Anaesthesiologica

Scandinavica 22: 400-412.
Bromage PR, Shibata HR, Willoughby HW. (1971). Influence of prolonged
epidural blockade on blood sugar and cortisol responses to operations upon
the upper part of the abdomen and the thorax. Surgery, Gynecology and
Obstetrics 132: 1051-1056.
Brown FF, Owens WD, Felts JA, et al. (1982). Plasma epinephrine and
norepinephrine levels during anesthesia: enflurane-N 2

0 - 0 2

fentanyl-N 20-02. Anesthesia and Analgesia 61: 366-370.
127

compared with

Buhler HU, Da Prada M, Haefely W, Picotti GB. (1978). Plasma adrenaline,
noradrenaline and dopamine in man and different animal species. Journal
o f Physiology 276: 311-320.
Cameron OG, Thomas B, Tiongco D, Hariharan M, Greden JF. (1987).
Hypercortisolism in diabetes mellitus. Diabetes Care 10: 662-663.
Campbell DNC, Lim M, Kerr Muir M, O'Sullivan G, Falcon M, Fison P, Woods
R. (1993). A prospective randomised study of local versus general
anaesthesia for cataract surgery. Anaesthesia 48: 422-428.
Carli F, Clark MM, Woollen JW. (1982). Investigation of the relationship between
heat loss and nitrogen excretion in elderly patients undergoing major
abdominal surgery under general anaesthetic. British Journal o f Anaesthesia
54: 1023-1029.
Carli F, Elia M. (1991) The independent metabolic effects of enflurane anaesthesia
and surgery. Acta Anaesthesiologia Scandinavica 35: 329-332.
Carmeliet P, Denef C. (1989). Synthesis and release of acetylcholine from normal
and tumorous corticotrophs. Endocrinology 124: 2218-2227.
Chell PB, Shah P, Fielder AR. (1994). Ambulatory cataract surgery: the patients'
perceptions. Ambulatory Surgery 2: 162-165.
Christensen P, Brandt MR, Rem J, Kehlet H. (1982). Influence of extradural
morphine on the adrenocortical and hyperglycaemic response to surgery.
British Journal of Anaesthesia 54: 24-27.
College of Ophthalmologists Audit Commission. (1991). National Cataract Study.
London: College of Ophthalmologists.
College News (1992) Quarterly Bulletin o f the College o f Ophthalmologists Spring
4.
Cooper GM, Holdcroft A, Hall GM, Alaghband-Zadeh J. (1979). Epidural
analgesia and the metabolic response to surgery. Canadian Anaesthetists'
Society Journal 26: 381-385.
Cooper GM, Paterson JL, Mashiter K, Hall GM. (1980). Beta-adrenergic blockade
and the metabolic response to surgery. British Journal o f Anaesthesia 52:
128

1231-1235.
Crozier TA, Beck D, Schlaeger M, Wuttke W, Kettler D. (1987). Endocinological
changes following etomidate, midazolam or methohexital for minor surgery.
Anaesthesiology 66: 628-635.
Crozier TA, Muller JE, Quittkat D, Sydow M, Wuttke W, Kettler D. (1994). Effect
of anaesthesia on the cytokine responses to abdominal surgery. British
Journal of Anaesthesia 72: 280-285.
Cruickshank AM, Fraser WD, Bums HJG, Van Damme J, Shenkin A. (1990).
Response of serum interleukin-6 in patients undergoing elective surgery of
varying severity. Clinical Science 1990; 79: 161-165.
Cunningham AJ, Barry P. (1986). Intraocular pressure -

physiology and

implications for anaesthetic management. Canadian Journal of Anaesthesia
33: 195-208.
Cuthbertson DP, Fell GS, Smith CM, Tilstone WJ. (1972). Metabolism after injury.
1: Effects of severity, nutrition, and environmental temperature on protein,
potassium, zinc and creatine. British Journal o f Surgery 59: 926-931.
Dahl JB, Rosenberg J, Lund C, Kehlet H. (1990). Effect of thoracic epidural
bupivacaine 0.75% on somatosensory evoked potentials after dermatomal
stimulation. Regional Anaesthesia 15: 73-75.
Dahl JB, Rosenberg J, Kehlet H. (1992). Effect of thoracic epidural etidocaine
1.5% on somatosensory evoked potentials, cortisol and glucose during
cholecystectomy. Acta Anaesthesiologica Scandinavica 36: 378-382.
Davis DB, Mandel MR. (1986). Posterior peribulbar anaesthesia: an alternative to
retrobulbar anaesthesia. Journal of Cataract and Refractive Surgery 12:
182-184.
Davis DB, Mandel MR. (1988). Posterior peribulbar anaesthesia: an alternative to
retrobulbar anaesthesia. Implants in Ophthalmology 2: 154-156.
Davis DB, Mandel MR. (1994). Efficacy and complication rate of 16,224
consecutive peribulbar blocks. A prospective multicenter study. Journal of
Cataract and Refractive Surgery 20: 327-337.
129

Davis GC, Kissinger PT, Shoup RE. (1981). Stategies for determination of serum
or plasma norepinephrine by reverse-phase liquid chromatography.
Analytical Chemistry 53: 156-159.
de Lange S, Boscoe Ml, Stanley TH, de Bruijin N, Philbin DM, Coggins CH.
(1982). Antidiuretic and growth hormone responses during coronary artery
surgery with sufentanil-oxygen and alfentanil-oxygen anesthesia in man.
Anesthesia and Analgesia 61: 434-438.
de Lange S, Stanley TH, Boscoe MJ, de Bruijin N, Berman L, Green O, Robertson
D. (1983). Catecholamine and cortisol responses to sufentanil-02
alfentanil-02 anaesthesia during coronary artery surgery. Canadian
Anaesthetists' Society Journal 30: 248-254.
Denny NM, Gadelrab R. (1993). Complications following general anaesthesia for
cataract surgery: a comparison of the laryngeal mask airway with tracheal
intubation. Journal of the Royal Society o f Medicine 86: 521-522.
Derbyshire DR, Smith G. (1984). Sympathoadrenal responses to anaesthesia and
surgery. British Journal of Anaesthesia 56: 725-739.
Desborough JP, Hall GM. (1990). The stress response to surgery: An essential
mechanism for survival or an evolutionary remnant? Current Anaesthesia
and Critical Care 1: 133-137.
Desborough JP, Hall GM. (1993). Endocrine response to surgery. In: Anaesthesia
Review, vol. 10, edited by Kaufman L. Edinburgh: Churchill Livingstone.
Desborough JP, Hall GM, Hart GR, Burrin GM. (1991). Midazolam modifies
pancreatic and anterior pituitary hormone secretion during upper abdominal
surgery. British Journal of Anaesthesia 67: 390-396.
Diabetes Control and Complications Trial Research Group. (1993). The effect of
intensive treatment of diabetes on the development and progression of long
term complications in insulin-dependent diabetes mellitus. New England
Journal o f Medicine 329: 977-986.
Donlon JV Jr. (1994). Anaesthesia for eye surgery. In: Anaesthesia, 4th edition
Edited by Miller RD. 2175-2183. Churchill Livingstone.
130

Drews RC. (1982). The Nerf ball for preoperative reduction of intraocular pressure.
Ophthalmic Surgery 13: 761.
Drysdale DB. (1984). Experimental subdural retrobulbar injection of anaesthetic.
Annals of Ophthalmology 16: 716-718.
Duker JS, Belmont JB, Benson WE, Brooks HL Jr, Brown GC, Federman JL,
Fischer DH, Tasman WS. (1991). Inadvertent globe perforation during
retrobulbar and peribulbar anesthesia.

Patient characteristics, surgical

management and visual outcome. Ophthalmology 98: 519-526.
Duncalf D, Gartner S, Carol B. (1970). Mortality in association with ophthalmic
surgery. American Journal of Ophthalmology 69: 610-615.
Dunnett CW. (1964). New tables for multiple comparisons with control. Biometrics
20: 482-491.
Eamshaw G. (1984). Enflurane, isoflurane and the eye. Acta Anaesthesiologica
Scandinavica 28: 419-421.
Enquist A, Brandt MR, Fernandes A, Kehlet H. (1977). The blocking effect of
epidural analgesia on the adrenocortical and hyperglycemic responses to
surgery. Acta Anaesthesiologica Scandinavica 21: 330-335.
Farley JS, Hustead RF, Becker KE. (1994). Diluting lidocaine and mepivacaine in
balanced salt solution reduces the pain of intradermal injection. Regional
Anaesthesia 19: 48-51.
Fisher SJ, Cunningham RD. (1985). The medical profile of cataract patients.
Geriatric Clinics of North America 1: 339-344.
Fry RA, Henderson J. (1990). Local anaesthesia for eye surgery. Anaesthesia 45:
14-17.
George JM, Reier E, Lanese RR, Rower JM. (1974). Morphine anesthesia blocks
cortisol and growth hormone response to stress in humans. Journal of
Clinical Endocrinology and Metabolism. 38: 736-739.
Ghignone M, Noe C, Calvillo O, Quintin L. (1988). Anesthesia for ophthalmic
surgery in the elderly: the effects of clonidine on intraocular pressure,
perioperative hemodynamics, and anesthetic
131

Anesthesiology 68:

707-716.
Giesecke K, Hamberger B, Jamberg P - 0 , Klingstedt C. (1988). Paravertebral
block during cholecystectomy: effects on circulatory and hormonal
responses. British Journal of Anaesthesia 61: 652-656.
Gild WM, Posner KL, Caplan RA, Cheney FW. (1992). Eye injuries associated
with anaesthesia. A closed claim analysis. Anaesthesiology 76: 204-208.
Goldsmith MO. (1967). Occlusion of the central retinal artery following retrobulbar
anesthesia. Ophthalmologica 153: 191-196.
Grabow HB. (1993). Topical anaesthesia for cataract surgery. European Journal
o f Implant and Refractive Surgery 5: 20-24.
Grizzard WS, Kirk NM, Pavan PR, Antworth MV, Hammer ME, Roseman RL.
(1991). Perforating ocular injuries caused by anesthesia personnel.
Ophthalmology 98: 1011-1016.
Hakanson E, Rutberg H, Jorfeldt L, Wiklund L. (1984). Endocrine and metabolic
responses after standardised moderate surgical trauma: influence of age and
sex. Clinical Physiology 4: 461-473.
Hall GM. (1985). The anaesthetic modification of the endocrine and metabolic
response to surgery. Annals of the Royal College of Surgeons o f England
67: 25-29.
Hall GM, Desborough JP. (1992). Interleukin-6 and the metabolic response to
surgery. British Journal of Anaesthesia 1992; 69: 337-338.
Hall GM, Desborough JP (1996). Endocrine and metabolic responses to surgery
and injury - effects of anaesthesia. In: International Practice o f Anaesthesia
(General Anaesthesia 6th edition) Edited by Brown BR Jr, Prys-Roberts C.
Butterworth-Heinemann Ltd, Oxford, (in press).
Hall GM, Lacoumenta S. (1988). Local analgesic techniques for upper abdominal
surgery - endocrine and metabolic effects. British Journal o f Anaesthesia
61: 649-651.
Hall GM, Young C, Holdcroft A, Alaghband-Zadeh J. (1978). Substrate
mobilization during surgery: a comparison between halothane and fentanyl
132

anaesthesia. Anaesthesia 33: 924-930.
Hall GM, Walsh ES, Paterson JL, Mashiter K. (1983). Low-dose insulin infusion
and substrate mobilisation during surgery. British Journal o f Anaesthesia
55: 939-945.
Halter JB, Pflug AE, Porte D Jr. (1977). Mechanism of plasma catecholamine
increases during surgical stress in man. Journal of Clinical Endocrinology
and Metabolism 45: 936-942.
Halter JB, Pflug AE. (1980). Effect of sympathetic blockade by spinal anesthesia
on pancreatic islet function in man. American Journal o f Physiology 239:
E150-E155.
Hamilton RC. (1985). Brain stem anesthesia following retrobulbar blockade.
Anesthesiology 63: 688-690.
Hamilton RC. (1990). Regional anaesthesia of the eye. Current Opinion in
Anaesthesiology 3: 740-744.
Hamilton RC. (1995). Techniques of orbital regional anaesthesia. British Journal
o f Anaesthesia 75: 88-92.
Hamilton RC, Gimbel HV, Strunin L. (1988). Regional anaesthesia for 12,000
cataract extraction and intraocular lens implantation procedures. Canadian
Journal of Anaesthesia 35: 615-623.
Harr D. (1991). Topical eye drops replace injection for anesthesia. Ocular Surgery
News 10: 1,20.
Hay A, Flynn HW Jr, Hoffman JI, Rivera AH. (1991). Needle penetration of the
globe during retrobulbar and peribulbar injections. Ophthalmology 98:
1017-1024.
Heinrich PC, Castell JV, Andus T. (1990). Interleukin-6 and the acute phase
response. Biochemical Journal 265: 621-636.
Hillhouse EW, Burden J, Jones MT. (1975). The effect of various putative
neurotransmitters on the release of CRH from the hypothalamus of the rat
in

vitro.

1.

The

effect

of

Neuroendocrinology 17: 1-11.
133

acetylcholine

and

noradrenaline.

Hodgkins PR, Luff AJ, Morrell AJ, Teye Botchway L, Featherston TJ, Fielder AR.
(1992). Current practice of cataract extraction and anaesthesia. British
Journal of Ophthalmology 76: 323-326.
Hohorst HJ. (1965). L:(+)-Lactate. Determination with lactate dehydrogenase and
DPN. In: Methods of Enzymatic Analysis, 1st English (revised) edition
p.266. Verlag-Chemie, Berlin.
Holden R, Morsman CDG, Butler J, Clark GS, Hughes DS, Bacon PJ. (1991).
Intraocular pressure changes using the laryngeal mask airway and tracheal
tube. Anaesthesia 46: 922-924.
Holloway CD, Kenyon CJ, Dowie LJ, Corrie JET, Gray CE, Fraser R. (1989).
Effect of the benzodiazepines diazepam, des-M-methyldiazepam and
midazolam on corticosteroid biosynthesis in bovine adrenocortical cells in
vitro; location of site of action. Journal o f Steroid Biochemistry 33: 219225.
Horven I. (1978). Ophthalmic artery pressure during retrobulbar anaesthesia.
Ophthalmologica 56: 574-586.
Hume DM, Egdahl RH. (1959). The importance of the brain in the endocrine
response to miuiy. Annals of Surgery 150: 697-712.
Imura H, Fukata JI, Mori T. (1991). Cytochines and endocrine function: an
interaction between the immune and neuroendocrine systems. Clinical
Endocrinology 35: 107-115.
Jaakola ML, Ali-M elkkila T, Kanto J, Kallio A, Scheinin H, Scheinin M. (1992).
Dexmedetomidine reduces intraocular pressure, intubation responses and
anaesthetic requirements in patients undergoing ophthalmic surgery. British
Journal o f Anaesthesia 68: 570-575.
Javitt JC, Addiego R, Friedberg HL, Libonati MM, Leahy JJ. (1987). Brain stem
anesthesia after retrobulbar block. Ophthalmology 94: 718-724.
Jay WM, Carter H, Williams B, Green K. (1985). Effect of applying the Honan
intraocular pressure reducer before cataract surgery. American Journal o f
Ophthalmology ICO: 523-527.
134

Jedeikin RJ, Hoffman S. (1977). The oculocardiac reflex in eye-surgery
anaesthesia. Anesthesia and Analgesia 56: 333-334.
Johnston IDA. (1964). Endocrine aspects of the metabolic response to surgical
operation. Annals o f the Royal College of Surgeons o f England 35: 270.
Joseph JP, McHugh JDA, Franks WA, Chignell AH. (1991). Perforation of the
globe - a complication of peribulbar anaesthesia. British Journal of
Ophthalmology 75: 504-505.
Joyce JT, Roizen MF, Eger El. (1983). Effect of thiopental induction on
sympathetic activity. Anesthesiology 59: 19-22.
Kahn HA, Leibowitz HM, Ganley JP, Kini MM, Colton T, Nickerson RS, Dawber
TR. (1977). The Framingham Eye Study. 1. Outline and major prevalence
findings. American Journal of Epidemiology 106: 17-32.
Karhunen U, Jonn G. (1982). A comparison of memory function following local
and

general

anaesthesia

for

extraction

of

senile

cataract.

Acta

Anaesthesiologica Scandinavica 26: 291-296.
Kehlet H. (1982). The modifying effect of general and regional anaesthesia on the
endocrine-metabolic response to surgery. Regional Anaesthesia 7: S38-S48.
Kehlet H. (1984). The stress response to anaesthesia and surgery: Release
mechanisms and modifying factors. Clinics in Anaesthesiology 2: 315-339.
Kehlet H, Brandt MR, Prange Hansen A, Alberti KGMM. (1979). Effect of
epidural analgesia on metabolic profiles during and after surgery. British
Journal of Surgery 66: 543-546.
Kehlet H, Brandt MR, Rem J. (1980). Role of neurogenic stimuli in mediating the
endocrine-metabolic response to surgery. Journal o f Parenteral and Enteral
Nutrition 4: 152-156.
Kenyon CJ, Young J, Gray CE, Fraser R. (1984). Inhibition by etomidate of
steroidogenesis in isolated bovine adrenal cells. Journal o f Clinical
Endocrinology and Metabolism 58: 947-949.
Kimble JA, Morris RE, Witherspoon CD, Feist RM. (1987). Globe perforation
from peribulbar injection. ^rc/nVc5 o f Ophthalmology 105: 749.
135

Korbon GA, Hurley DP, Williams GS. (1987). pH-adjusted lidocaine does not
"sting". Anesthesiology 66: 855-856.
Klingstedt C, Giesecke K, Hamberger B, Jamberg P - 0 . (1987). H igh- and low dose fentanyl anaesthesia: circulatory and plasma catecholamine responses
during cholecystectomy. British Journal of Anaesthesia 59: 184-188.
Knapp H. (1884). On cocaine and its use in ophthalmic and general surgery.
Archives of Ophthalmology 13: 402-448.
Koay P, Laing A, Adams K, Branney S, Mathison J, Freeland F, Studley M, Black
H. (1992). Ophthalmic pain following cataract surgery: a comparison
between local and general anaesthesia. British Journal o f Ophthalmology
76: 225-227.
Lacoumenta S, Walsh ES, Waterman AE, Ward I, Paterson JL, Hall GM. (1984).
Effects of ketamine anaesthesia on the metabolic response to pelvic surgery.
British Journal o f Anaesthesia 56: 493-497.
Lacoumenta S, Paterson JL, Myers MA, Hall GM. (1986a). Effects of cortisol
suppression by etomidate on changes in circulating metabolites associated
with pelvic surgery. Acta Anaesthesiologica Scandinavica 30: 101-104.
Lacoumenta S, Paterson JL, Burrin JM, Causon RC, Brown MJ, Hall GM. (1986b).
Effects of two differing halothane concentrations on the metabolic and
endocrine responses to surgery. British Journal o f Anaesthesia 58: 844-850.
Lacoumenta S, Yeo TH, Burrin JM, Bloom SR, Paterson JL, Hall GM. (1987).
Fentanyl and p-endorphin, ACTH and glucoregulatory hormonal response
to surgery. British Journal of Anaesthesia 59: 713-720.
Lawrie GM, Morris GC jr, Glaeser DH. (1986). Influence of diabetes mellitus on
the results of bypass surgery. Journal of the American Medical Association
256: 2967-2971.
Ledingham IMA, Watt I. (1983). Influence of sedation on mortality in critically ill
multiple trauma patients. Lancet 1: 1270.
Lichter PR. (1991). The relative value of quality care (Editorial). Ophthalmology
98: 1151-1152.
136

Liu C, Youl B, Moseley I. (1992). Magnetic resonance imaging of the optic nerve
in extremes of gaze. Implications for the positioning of the globe for
retrobulbar anaesthesia. British Journal of Ophthalmology 76; 728-733.
Loughnan BA, Murdoch U , Hetreed MA, Howard LA, Hall GM. (1990). Effects
of 2% lignocaine on somatosensory evoked potentials recorded in the
extradural space. British Journal of Anaesthesia 65: 643-647.
Lowe K, Gregory D, Jeffery R, Easty D. (1992). Cataract extraction: patient
characteristics and preferences. Health Trends 24: 151-153.
Lowrie A, Johnston PL, Fell D, Robinson SL. (1992). Cardiovascular and plasma
catecholamine responses at tracheal extubation. British Journal of
Anaesthesia 68: 261-263.
Lund C, Selmar P, Hansen 0 -B , Hjortso N -C , Kehlet H. (1987). Effect of
epidural bupivacaine on somatosensory evoked potentials after dermatomal
stimulation. Anesthesia and Analgesia 66: 34-38.
Lund C, Mogensen T, Hansen OB, Quitzau S, Kehlet H. (1991). Effects of lumbar
epidural etidocaine, 1.5% and 1%, on changes in somatosensory evoked
potentials following dermatomal stimulation. Regional Anaesthesia 16: 3 8 42.
Lytle J, Thomas NF. (1992). Haemodynamic stability during general anaesthesia
for intra-ocular surgery: the effect of topical oxybuprocaine. Anaesthesia
47: 616-617.
MacRae WR. (1990). Anaesthesia for eye operations. In: Anaesthesia, volume 1,
edited by Nimmo WS, Smith G. 534. Blackwell Scientific Publications.
Mahajan RP, Grover V, Sharma SL, Singh H. (1988). Intranasal nitroglycerin and
intraocular pressure during general anaesthesia. Anesthesia and Analgesia
67: 631-636.
Martin SR, Baker SS, Muenzler WS. (1986). Retrobulbar anaesthesia and
orbicularis akinesia. Ophthalmic Surgery 17: 232-233.
McCarthy GJ, Mirakhur RK, Elliott P. (1992). Postoperative oxygenation in the
elderly following general or local anaesthesia for ophthalmic surgery.
137

Anaesthesia 47: 1090-1092.
McDonald RK, Evans FT, Weise VK, Patrick RW. (1959). Effects of morphine
and nalorphine on plasma hydrocortisone levels in man. Journal of
Pharmacology and Experimental Therapeutics 125: 241-245.
Meyers EF, Ramirez RC, Boniuk I. (1978). Grand mal seizures following
retrobulbar block. Archives of Ophthalmology 96: 847.
Milaskiewicz RM, Hall GM. (1992). Diabetes and anaesthesia: The past decade.
British Journal of Anaesthesia 68: 198-206.
Moffat A, Cullen PM. (1995). Comparison of two standard techniques of general
anaesthesia for day-case cataract surgery. British Journal o f Anaesthesia 74:
145-148.
Moller IW, Rem J, Brandt MR, Kehlet H. (1982). Effect of posttraumatic epidural
analgesia on the cortisol and hyperglycaemic response to surgery. Acta
Anaesthesiologica Scandinavica 26: 56-58.
Moller IW, Hjortso E, Krantz T, Wandall E, Kehlet H. (1984). The modifying
effect of spinal anaesthesia on intra- and postoperative adrenocortical and
hyperglycaemic response to surgery. Acta Anaesthesiologica Scandinavica
28: 266-269.
Moore CM, Desborough JP, Powell H, Burrin JM, Hall GM. (1994). The effects
of extradural anaesthesia on the interleukin-6 and acute phase response to
surgery. British Journal o f Anaesthesia 72: 272-279.
Moore RA, Allen MC, Wood PJ, Rees LH, Sear JW. (1985). Perioperative
endocrine effects of etomidate. Anaesthesia 40: 124-130.
Morsman CD, Holden R. (1992). The effects of adrenaline, hyaluronidase and age
on peribulbar anaesthesia. Eye 6: 290-292.
Murphy DP. (1985). Anaesthesia and intraocular pressure. Anesthesia and
Analgesia 64: 520-530.
Myint Y, Singh AK, Peacock JE, Padfield A. (1995). Changes in intra-ocular
pressure during general anaesthesia. A comparison of spontaneous breathing
through a laryngeal mask with positive pressure ventilation through a
138

tracheal tube. Anaesthesia 50: 126-129.
Nadbath RP, Rehman I. (1963). Facial nerve block. American Journal of
Ophthalmology 55: 143-146.
Nagle F, Cooper RL. (1993). Nasal secretions in ocular surgery under general and
local anesthesia. Ophthalmic Surgery 24: 13-15.
Nakao K, Miyata M. (1977). The influence of phentolamine, an adrenergic
blocking agent, on insulin secretion during surgery. European Journal of
Clinical Investigation 7: 41-45.
Nicoll JMV, Acharya PA, Ahlen K, Baguneid S, Edge KR. (1987). Central nervous
system complications after 6000 retrobulbar blocks. Anesthesia and
Analgesia 66:1298-1302.
Normandale JP, Schmulian C, Paterson JL, Burrin JM, Morgan M, Hall GM.
(1985). Epidural diamorphine and the metabolic response to upper
abdominal surgery. Anaesthesia 40: 748-753.
Ogg TW, Obey PA. (1987). The workload of a purpose built day surgical unit.
Annals o f the Royal College o f Surgeons 69: 110-112.
Oyama T, Latto P, Holaday DA. (1975). Effect of isoflurane anaesthesia and
surgery on carbohydrate metabolism and plasma cortisol levels in man.
Canadian Anaesthetists' Society Journal 22: 696-702.
Oyama T, Taniguchi H, Ishihara A, Matsuki A, Maeda T, Murakawa T, Kudo T.
(1979). Effects of enflurane anaesthesia and surgery on endocrine function
in man. British Journal of Anaesthesia 51: 141-147.
Palay DA, Stulting RD. (1990). The effect of external ocular compression on
intraocular pressure following retrobulbar anesthesia. Ophthalmic Surgery
21: 503-507.
Pautler SE, Grizzard WS, Thompson LN, Wing GL. (1986). Blindness from
retrobulbar injection into the optic nerve. Ophthalmic Surgery 17: 334-337.
Percival

SPB, Setty SS.

(1992).

Cost effectiveness of anaesthesia

and

hospitalisation. European Journal of Implant and Refractive Surgery 4: 7 5 78.
139

Petersen WC, Yanoff M. (1991). Subconjunctival anesthesia: an alternative to
retrobulbar and peribulbar techniques. Ophthalmic Surgery 22: 199-201.
Petruscak J, Smith RB, Breslin P. (1973). Mortality related to ophthalmological
surgery. Archives o f Ophthalmology 89: 106-109.
Pflug AE, Halter JB. (1981). Effect of spinal anesthesia on adrenergic tone and the
neuroendocrine responses to surgical stress in humans. Anesthesiology 55:
120-126.
Pither CE, Bridenbaugh LD, Reynolds F. (1988). Peroperative intercostal nerve
block: effect on the endocrine metabolic response to surgery. British
Journal of Anaesthesia 60: 730-732.
Quigley HA. (1974). Mortality associated with ophthalmic surgery: a 20-year
experience at the Wilmer I y\ s X i X\\X c . American Journal o f Ophthalmology 77:
517-524.
Ramsay RC, Knobloch WH. (1978). Ocular perforation following retrobulbar
anesthesia

for

retinal

detachment

surgery.

American

Journal

of

Ophthalmology 86: 61-64.
Rassan S, Thomas HP. (1989). Local anaesthesia for cataract surgery. Lancet 1:
110 - 111 .

Rem J, Brandt MR, Kehlet H. (1980). Prevention of postoperative lymphopenia
and granulocytosis by epidural analgesia. Lancet 1; 283-285.
Report of the Joint Working Party on Anaesthesia in Ophthalmic Surgery. (1993).
Royal College of Anaesthetists, College of Ophthalmologists.
Rice ASC, McMahon SB. (1992). Peripheral nerve injury caused by injection
needles used in regional anaesthesia: influence of bevel configuration,
studied in a rat model. British Journal of Anaesthesia 69: 433-438.
Rigg JD, James RH. (1989). Apnoea after retrobulbar block. Anaesthesia 44: 2 6 27.
Robinson GA, Nylander A. (1989). Warfarin and cataract extraction. British
Journal o f Ophthalmology 73: 702-703.
Roizen MF, Horrigan RW, Frazer BM. (1981). Anesthetic doses blocking
140

adrenergic (stress) and cardiovascular responses to incision - MAC BAR.
Anesthesiology 54: 390-398.
Ropo A, Ruusuvaara P, Paloheimo M, Maunuksela E -L , Nikki P. (1990). Effect
of ocular compression (Autopressor^) on intraocular pressure in periocular
anaesthesia. Acta Ophthalmologica 68: 227-229.
Ropo A, Nikki P, Ruusuvaara P, Kivisaari L. (1991). Comparison of retrobulbar
and periocular injections of lignocaine by computerised tomography. British
Journal o f Ophthalmology 73: 417-420.
Ropo A, Ruusuvaara P, Nikki P. (1992). Ptosis following periocular or general
anaesthesia in cataract surgery. Acta Ophthalmologica 70: 262-265.
Rosenblatt RM, May DR, Barsoumian K. (1980). Cardiopulmonary arrest
following retrobulbar \Aoc\i. American Journal of Ophthalmology 90: 4 25427.
Roy M, Collier B, Roy A. (1990). Hypothalamic-pituitary-adrenal axis
dysregulation among diabetic outpatients. Psychiatry Research 31: 31-37.
Rubin AP. (1990). Anaesthesia for cataract surgery - time for a change (Editorial).
Anaesthesia 45: 717-718.
Runciman JC, Bowen-W right RM, Welsh NH, Downing JW. (1978). Intraocular
pressure changes during halothane and enflurane anaesthesia. British
Journal of Anaesthesia 50: 371-374.
Salmon P. (1992). Surgery as a psychological stressor: paradoxical effects of
preoperative emotional state on endocrine responses. Stress Medicine 8:
193-198.
Sarvela J, Nikki P. (1992). Hyaluronidase improves regional ophthalmic
anaesthesia with etidocaine. Canadian Journal o f Anaesthesia 39: 920-924.
Sarvela J, Nikki P, Paloheimo M. (1993). Orbicular muscle akinesia in regional
ophthalmic

anaesthesia

with

pH-adjusted

bupivacaine:

effects

of

hyaluronidase and epinephrine. Canadian Journal of Anaesthesia 4 0 :1 0 2 8 1033.
Schulze S, Sommer P, Bigler D, Honnens M, Shenkin A, Cruikshank AM,
141

Bukhave K, Kehlet H. (1992). Effect of combined prednisolone, epidural
analgesia and indomethacin on the systemic response after colonic surgery.
Archives of Surgery 127: 325-331.
Scott JA, Clearkin LG. (1994). Surgically induced diffuse scleritis following
cataract surgery. Eye 8: 292-297.
Scott NB, Kehlet H. (1988). Regional anaesthesia and surgical morbidity. British
Journal o f Surgery 75: 299-304.
Searle AET, Pearce JL, Shaw DE. (1990). Topical use of indomethacin on the day
of cataract surgery. British Journal of Ophthalmology 74: 19-21.
Sebel PS, Bovill JG, van der Haven A. (1982). Cardiovascular effects of alfentanil
anaesthesia. British Journal of Anaesthesia 54: 1185-1190.
Seth J, Brown LM. (1978). A simple radioimmunoassay for plasma cortisol.
Clinica Chimica Acta 86: 109-120.
Shimizu S, Inoue K, Tani Y, Yamada H. (1979). Enzymatic microdetermination
of serum free fatty acids. Analytical Biochemistry 98: 341-345.
Silverberg AB, Shah SD, Haymond MW, Cryer PE. (1978). Norepinephrine:
hormone and neurotransmitter in mdJi. American Journal o f Physiology 234:
E252-256.
Smith RB, Douglas H, Petruscak J. (1972). The oculocardiac reflex and sino-atrial
arrest. Canadian Anaesthetists' Society Journal 19: 138-142.
Soeldner J, Slone D. (1965). Critical variables in the radioimmunoassay of serum
insulin using the double antibody technique. Diabetes 14: 771-779.
Spangelo BL, Judd AM, Isakson PC, Macleod RM. (1989). Interleukin-6
stimulates anterior pituitary hormone release in vitro. Endocrinology 125:
575-577.
Spivey J, Johnston IDA. (1969). The effect of environmental temperature and
calorie-nitrogen intake on nitrogen balance in the first eight days after
abdominal operation. British Journal o f Surgery 56: 380.
Straus JG. (1988). A new retrobulbar needle and injection technique. Ophthalmic
Surgery 19: 134-139.
142

Strong N, Wigmore W, Rhodes S, Smithson B, Woodruff G, Rosenthal R. (1992).
Ophthalmic day case surgery: the role of a dedicated day case unit. Health
Trends 24: 148-150.
Strunin L, Lewis P. (1991). Anaesthesia for cataract surgery - time for a change.
Anaesthesia 46: 148.
Traynor C, Hall GM. (1981). Endocrine and metabolic changes during surgery:
Anaesthetic implications. British Journal of Anaesthesia 53: 153-160.
Traynor C, Paterson JL, Ward ID, Morgan M, Hall GM. (1982). Effects of
extradural analgesia and vagal blockade on the metabolic and endocrine
response to upper abdominal surgery. British Journal o f Anaesthesia 54:
319-323.
Tsigos C, Young RJ, White A. (1993). Diabetic neuropathy is associated with
increased activity of the hypothalamic-pituitary-adrenal axis. Journal of
Clinical Endocrinology and Metabolism 76: 554-558.
Tsuji H, Asoh T, Shirasaka C, Takeuchi Y. (1980). Inhibition of metabolic
responses to surgery with beta-adrenergic blockade. British Journal of
Surgery 67: 503-505.
Tsuji H, Shirasaka C, Asoh T, Takeuchi Y. (1983). Influences of splanchnic nerve
blockade on endocrine-metabolic responses to upper abdominal surgery.
British Journal o f Surgery 70: 437-439.
Tsuneoka H, Ohki K, Taniuchi O, Kitahara K. (1993). Tenon's capsule anaesthesia
for cataract surgery with lOL implantation. European Journal o f Implant
and Refractive Surgery 5: 29-34.
Udelsman R, Ramp J, Gallucci WT Gordon A, Lipford E, Norton JA, Loriaux DL,
Chrousos GP. (1986). Adaptation during surgical stress: a réévaluation of
the role of glucocorticoids. Journal of Clinical Investigation

77: 1377-

1381.
UK Prospective Diabetes Study Group. (1991). UK prospective diabetes study
(UKPDS) VIII. Study design, progress and performance. Diabetologia 34:
877-890.
143

Unsold R, Stanley JA, DeGroot J. (1981). The CT-topography of retrobulbar
anesthesia: anatomic-clinical correlation of complications and suggestion
of a modified technique. Albrecht Von Graefes Archiv fur Klinische und
Experimentelle Ophthalmologie 217: 125-136.
Van Snick J. (1990). Interleukin-6: An overview, ylw/n/a/ Review o f Immunology
8 : 253-278.
Vermes I, Steinmets E, Schoorl J, Van der Veen EA, Tilders FJA. (1985).
Increased plasma levels of immunoreactive B-endorphin and corticotropin
in non-insulin-dependent diabetes. Lancet 2: 725-726.
Vernon SA, Cheng H. (1985). Comparison between the complications of cataract
surgery following local anaesthesia with short stay and general anaesthesia
with a five-day hospitalisation. British Journal o f Ophthalmology 69: 360363.
von Werder K, Stevens WC, Cromwell TH, Eger El, Hane S, Forsham PH. (1970).
Adrenal function during long-term anesthesia in man. Proceedings o f the
Society for Experimental Biology and Medicine 135: 854-858.
Wagner RL, White PF, Khan PB, Rosenthal MH, Feldman D. (1984). Inhibition
of adrenal steroidogenesis by the anesthetic etomidate. New England
Journal o f Medicine 310: 1415-1421.
Walsh ES, Paterson JL, O'Riordan JBA, Hall GM. (1981). Effect of high-dose
fentanyl anaesthesia on the metabolic and endocrine response to cardiac
surgery. British Journal o f Anaesthesia 53: 1155-1165.
Walsh ES, Paterson JL, Mashiter K, Hall GM. (1982). Effect of phentolamine on
the metabolic response to gynaecological surgery. British Journal of
Anaesthesia 54: 517-521.
Watts MT, Pearce JL. (1988). Day-case cataract surgery. British Journal of
Ophthalmology 72: 897-899.
Weiss JL, Deichman CB. (1989). A comparison of retrobulbar and periocular
anaesthesia for cataract surgery. Archives o f Ophthalmology 107: 96-98.
Werner W, Rey H -G , Wielinger H. (1970). Properties of a new chromogram for
144

determination of glucose in blood according to the GOD/POD method.
Zeitschrift analytiche Chemie 252: 224.
White PF, Way WL, Trevor AJ. (1982). Ketamine - its pharmacology and
therapeutic

usqs. Anesthesiology

56: 119-136.

Williams G. (1994). Management of non-insulin-dependent diabetes mellitus.
Lancet 343: 95-100.
Williams PL, Warwick R, Dyson M, Bannister LH (eds). (1989). The oculomotor
nerve. In: Gray's Anatomy, 36th Edn. 1056-1058. London: Churchill
Livingstone.
Williamson DH, Mellanby J. (1974). D -(-)-3-hydroxybutyrate. In: Methods of
Enzymatic Analysis, 2nd English edition (translated from 3rd German
edition). Edited by Bergmeyer HU. 1836. Academic Press, New York and
London.
Wilmore DW, Moylan JA, Bristow BE, Mason AD, Pruitt BA. (1974). Anabolic
effects of human growth hormone and high caloric feedings following
thermal injury. Surgery, Gynecology and Obstetrics 138: 875-884.
Wittpen JR, Rapoza P, Sternberg P, Kuwashima L, Saklad J, Patz A. (1986).
Respiratory arrest following retrobulbar anesthesia. Ophthalmology 9 3 :8 6 7 870.
W olf GL, Lynch S, Berlin I. (1975). Intraocular surgery with general anesthesia.
Archives o f Ophthalmology 93: 323-326.
Wong DHW. (1993). Regional anaesthesia for intraocular surgery. Canadian
Journal o f Anaesthesia 40: 635-657.
Wong D, Steele AD. (1985). A survey of intraocular lens implantation in the UK.
Transactions o f the Ophthalmological Societies o f the United Kingdom 104:
760-765.
Yeager MP, Glass DD, Neff RK, Brinck-Johnsen T. (1987). Epidural anaesthesia
and analgesia in high-risk surgical patients. Anesthesiology 66: 729-736.
Yki-Jarvinen H. (1994). Pathogenesis of non-insulin-dependent diabetes mellitus.
Lancet 343: 91-95.
145

Zilva JF, Paimall PR, Mayne PD (eds). (1988a). Estimation of plasma or blood
glucose. In: Clinical Chemistry in Diagnosis and Treatment, 5th edn. 225.
London: Hodder and Stoughton.
Zilva JF, Pannall PR, Mayne PD (eds). (1988b). Effects of storage and haemolysis
of blood. In: Clinical Chemistry in Diagnosis and Treatment, 5th edn. 449450. London: Hodder and Stoughton.

146

%

