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Editorial

This is the time of year when delegates eagerly awaiting the start of the 
BOAS Annual Scientific meeting will be taking a first look at the freshly printed 
pages of the autumn edition of Ophthalmic Anaesthesia. We trust that they 
will not be disappointed. 

This weighty edition contains a very broad range of articles to interest 
the ophthalmic anaesthetist. The all so familiar sub-Tenon’s block gets a 
thorough review by Hamish Breach. He reminds us that this technique with 
its long-standing proven track record of efficacy can be used for the majority 
of ophthalmic surgical procedures and takes us through from its inception in 
its current form to state of the art modifications.

The importance of training in ophthalmic anaesthesia is highlighted in Tony 
Wong and K-L Kong’s article on the hazards of using nitrous oxide in the 
presence of intraocular gas. As ophthalmic anaesthetists we need to ensure 
that our colleagues are aware of this potentially sight threatening complication 
particularly as fewer anaesthetic trainees now undertake the ophthalmic 
anaesthesia unit of training.

The BOAS Annual Scientific meeting has a key role in the on going education 
in ophthalmic anaesthesia and provides a forum for the airing of new ideas. 
In this edition you will also find the posters and free papers that will be being 
presented at the meeting. We are delighted to have contributions from 
international authors as well as those from the UK.

For those of you at the meeting we hope you enjoy what is bound to be an 
excellent range of thought provoking talks and if you’re not then we hope that 
you enjoy catching up with what went on in the next edition of Ophthalmic 
Anaesthesia.

Jo Budd
Co-Editor of Ophthalmic Anaesthesia

dr Joanna Budd
Consultant Anaesthetist
The County Hospital
Hereford, UK

College Regional Advisor
West Midlands South, UK

prof peter shah
Consultant Ophthalmic Surgeon
University Hospitals Birmingham NHSFT
Birmingham, UK

Visiting Professor
University College London, Moorfields 
Eye Hospital and UCL Institute of 
Ophthalmology
London, UK

Honorary Professor of Glaucoma
Centre for Health and Social Care 
Improvement, School of Health and 
Wellbeing, University of Wolverhampton
Wolverhampton, UK
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Message from the President

dr Kg allman
Consultant Anaesthetist

West of England Eye Unit,
Royal Devon and Exeter Hospital, 
Exeter, UK

Welcome to the latest edition of Ophthalmic Anaesthesia – once again with great 
thanks to our excellent Editorial crew.

As I write final preparations are underway for the BOAS 2018 Annual Conference, 
this year organised by Anand Arora and Santhana Kannan.  The conference 
includes some excellent UK and European speakers, and will, I’m certain, be a 
most enjoyable two days at the Royal College of Anaesthetists in London.

Next year’s conference will be something of a departure from the norm, and will 
take place in the beautiful town of Engelberg, nestled high in the Swiss Alps. This 
will be a joint BOAS and inaugural meeting for the newly formed ‘European Society 
of Ophthalmic Anaesthesia’ and promises to be a thoroughly outstanding event.  
As delegates will be coming from all over Europe, I would suggest booking a place 
early!

In response to a request from the NHS Patient Safety team, BOAS has been helping 
with a Joint Colleges guideline for preventing problems ensuing from nitrous oxide 
use following intra-vitreal gas insertion. Unfortunately, there still seem to be cases 
of patients coming to harm where the risks have not been clearly identified.  Drs 
Andy Presland and Adrian Kwa are taking the anaesthetic lead for this important 
project, and the current body of evidence is well reviewed by Drs Tony Wong and 
K-L Kong in this journal.

Hope to see you all at the conference.

Keith Allman
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a literature review of the sub-tenon technique
H Breach
Great Western Hospital, Swindon, UK

PerspectiveOphthalmic Anaesthesia 2018; 8(2): 17-32

BacKground 

The sub-Tenon regional anaesthesia technique is a 
method by which local anaesthetic agents and additives 
are administered around the globe of the eye for the 
purposes of providing both anaesthesia to the eye for 
ophthalmological surgery and to enhance the operative 
conditions to allow for optimal surgical technique.

The most common procedure undertaken using this 
approach is surgery for removal of a lens with a cataract, and 
implantation of a replacement lens within the anterior portion 
of the eye. This is formally known as phacoemulsifi cation 
and intra-ocular lens implantation. Nearly all ophthalmic 
surgical procedures can be performed using this technique 
however, and the other common operations regularly 
performed in the UK include vitrectomy, retinal laser 
techniques, and a range of procedures for the treatment 
of glaucoma.

historical perspective
Tenon’s capsule was fi rst described by, and subsequently 
named after, Jacques-René Tenon, a French surgeon, in 
1805, many years before its signifi cance as a route for 
surgical anaesthesia would become known.1

The modern history of ophthalmic anaesthesia commenced 
with the use of cocaine drops for topical anaesthesia in 
1884 by Karl Koller, followed by Herman Knapp performing 
a retrobulbar block with cocaine the same year. In 1986 
Davis and Mandel introduced the peribulbar block,2 
which was proposed as a safer alternative to retrobulbar 
anaesthesia.  Following several case reports3-6 of serious 
complications with retrobulbar and peribulbar anaesthesia, 
including globe perforation and respiratory arrest, the 
sub-Tenon technique was revisited. It had also originally 
been described by Turnball7 in 1884, before being re-
described by Swan8 in 1956.  Following the case reports of 
complications with retrobulbar and peribulbar techniques in 
the 1980s and 1990s, there was a requirement for a new 
technique to be established. Hansen in 1990 published a 
“direct sub-Tenon approach”, dissecting both the superior 
quadrants before infi ltrating local anaesthetic.9 

Stevens in 1992 formally published the modern technique 
with which many are familiar today.10  A one year survey of 
anaesthetic practice for cataract surgery in 2003 showed 
that a sub-Tenon approach was used in 43% of cataract 
surgery procedures, up from 7% in 1996.11 Many hospitals 
in the UK in 2016 now almost exclusively use sub-Tenon 
blocks for all ophthalmic procedures performed under local 
anaesthetic alone, excluding those carried out purely under 
topical local anaesthesia. This demonstrates its increasing 
and continued popularity over only a twenty-fi ve year 
period. This is undoubtedly due to the technique’s proven 
safety record.  A comprehensive study published in 2007 of 

© The Authors
Published by Resonance Publishing Ltd

161,000 patients undergoing sub-Tenon blocks showed a 
risk of major sight-threatening complications of lower than 
0.6 per 10,000 cases.11 This is around fi ve times lower risk 
than peribulbar approaches (2.9 per 10,000) and more 
than seven times lower risk than retrobulbar techniques. 

anatomy 

The structures through which a sub-Tenon injection cannula 
must pass are:
1. the conjunctiva
2. Tenon’s capsule
The cannula is curved, such that it remains in close 
approximation to the sclera as it is inserted to its maximum 
depth, with the tip then being located posterior to the globe, 
near the optic nerve itself.

The conjunctiva is divided into three separate components: 
1) the palpebral conjunctiva, lining the internal eyelid, 2) 
the bulbar or ocular conjunctiva, lining the sclera, to which 
it is tightly bound by Tenon’s capsule, and 3) the fornical 
conjunctiva, at the junction of the palpebral and bulbar 
sections, where the conjunctiva is much more loose and 
free moving.

fig 1.  The gross structure of the eye13

The conjunctiva has a complex innervation, with superior 
portions supplied from the supra-orbital nerve, the 
supratrochlear nerve and infratrochlear nerve, all three 
of which are branches of the ophthalmic division of the 
trigeminal nerve. The lacrimal nerve supplies the lateral 
section, and is also a branch of the ophthalmic division, 
as are the long ciliary nerves (via the nasociliary nerve), 
supplying the central region surrounding the cornea, 
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anteriorly. In addition the infraorbital nerve supplies the 
inferior conjunctiva, and is a continuation of the maxillary 
nerve, the second division of the trigeminal nerve. 

The average thickness of the bulbar conjunctiva is just 
33μm.12

tenon’s capsule
Tightly adherent to the conjunctiva is Tenon’s capsule, 
which covers the sclera from the optic nerve posteriorly, to 
the limbus anteriorly. Tenon’s capsule fuses with the optic 
nerve sheath posteriorly and, together with the conjunctiva, 
fuses to the ciliary region anteriorly. Its inner surface is 
separated from the sclera by the periscleral lymph space.

Tenon’s capsule is perforated by the tendons of the extra-
ocular muscles, and forms a tubular sheath around each of 
the tendons. The six muscles are the superior and inferior 
oblique, superior and inferior rectus plus lateral and medial 
rectus.

principle of technique 
The most commonly undertaken method of performing 
a sub-Tenon block is to infi ltrate local anaesthetic via a 
cannula deep to Tenon’s fascia via an incision through both 
the conjunctiva and Tenon’s fascia in the infero-medial 
quadrant of the eye. This is facilitated by asking the patient 
to gaze in a superior and lateral direction, the result of which 

is to increase the area of accessible conjunctiva through 
which cannula insertion is then possible.  An incision is 
then made, most frequently with Westcott scissors, in the 
infero-medial fornix, to fully expose the sclera, and a blunt 
curved cannula is then inserted such that the tip of the 
cannula is located posterior to the globe, prior to a volume 
of local anaesthetic being injected.

Local anaesthetic then spreads within a few minutes to 
several areas beyond the posterior Tenon’s capsule.16  
This includes the retrobulbar space, adjacent to the muscle 
sheath of the ocular muscles and into the eyelids, the end 
result of which is a multi-modal route of onset. Corneal 
anaesthesia onset occurs within a matter of a few minutes, 
and full globe akinesia within fi ve to ten minutes.17 

patients taking oral anti-coagulants
Insertion of a sub-Tenon block has been shown to be safe 
in patients taking antiplatelet agents such as aspirin or 
clopidogrel, or more potent agents such as warfarin, although 
the incidence of minor sub-conjunctival haemorrhage is 
increased.18,19 The Royal College of Ophthalmologists’ 
guidelines recommend sub-Tenon injections, or topical 
anaesthesia, for anticoagulated patients in preference to 
sharp-needle techniques.20

Clinical practice in the UK varies signifi cantly, however, 
with every step of the process subject to signifi cant inter-
clinician variation. This review sets out to assess the 
evidence base behind each component of the technique.

intravenous cannula

Many clinicians in the UK routinely do not insert an 
intravenous cannula for any patient receiving a sub-Tenon 
block. However, a sizeable minority would regard cannula 
insertion as routine, and the situation is left somewhat 
ambiguous by guidance issued by the Royal College 
of Anaesthetists in 200921 that stated that insertion of 
a cannula was not mandatory, and should be left to the 
discretion of the clinician.  

There is a feeling amongst those clinicians in the group 
in favour of cannula insertion that the risk of sub-Tenon 
blocks is commensurate to that of a peri-bulbar or 
retrobulbar technique due to the potential risk of extension 
of local anaesthetic spread beyond the confi nes of the 
orbit, with the potential of brainstem anaesthesia occurring 
as a consequence.22,23  This occurs when local anaesthetic 

fig 3. Tenon’s capsule and extra-ocular muscles15

fig 2.  The anterior eye
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is injected within the dural sheath surrounding the optic 
nerve and local anaesthetic can then travel beyond the 
optic chiasm to the brainstem itself, with a wide variety of 
clinical symptoms subsequently observed. These include 
transient confusion and agitation, extending through to 
cardiovascular instability and even full cardio-respiratory 
arrest. Symptoms have reported to occur within as little as 
fifteen seconds, to as delayed an onset as twenty minutes. 
There have been many case reports of this occurring after 
both peri- and retro-bulbar approaches, primarily with retro-
bulbar techniques, but also to a lesser extent with the peri-
bulbar alternative as well.24 This is thought to be due to 
the use of long sharp hypodermic needles, typically 25mm 
in length and 25G bore, which increases the risk of dural 
puncture, in comparison to the blunt cannula approach 
used with sub-Tenon blocks. 

However, more recent evidence supports the view that 
sub-Tenon anaesthesia is much safer than previous 
techniques,25 with the incidence of severe complications 
(defined as sight- or life-threatening) with this technique 
being 2.5 times lower risk than peri-bulbar.  This amounted 
to 5 cases per 10,000, v. 12 per 10,000 with peribulbar 
(p=0.026).

In terms of the risk of possible dural extension, there 
have only been two cases reports. Ruschen et al (2003), 
described a patient who became unresponsive to verbal 
command for around 3 hours, but subsequently made a 
full recovery, having never suffered any cardio-respiratory 
symptoms.26  The case discussion states that the proposed 
mechanism of local anaesthetic spread was dissection the 
dural sheath by the tip of Westcott scissors. 

Subsequently in 2007, there was a case report in 
Anaesthesia of a patient who developed a generalised 
tonic-clonic seizure and subsequent cardiac arrest within 
minutes of a receiving a sub-Tenon block.27  The patient 
developed ventricular fibrillation, and subsequently 
became asystolic and resuscitation was not successful.   
The report states that at post-mortem, there was low/non-
toxic levels of local anaesthetic within the patient’s plasma, 
and evidence of significant triple-vessel coronary artery 
disease, with a cause of death listed as atherosclerosis 
of the coronary arteries. As such, there was no central 
nervous system aetiology identified for this death, and it 
was not directly attributed to the sub-Tenon block, although 
the temporal relationship remains a cause for concern.

insertion location

The infero-nasal quadrant is the most commonly used 
insertion point for sub-Tenon blocks, after it was initially 
described by Stevens in the original paper in 1992.10 This 
location was primarily chosen as the cannula insertion 
location is well away from the surgical incision point, and 
also allows the anaesthetic practitioner to stabilise their 
hands on the patients nose and / or forehead. In addition, it 
is stated that this quadrant also allows for avoidance of the 
vortex veins of the orbit.28

As such, with its now longstanding proven track record 
of efficacy, there is no strong indication to deviate from 
this insertion location from choosing this to be the default 
location. However, there are occasions where this might be 

necessary.  These include :
1. The presence of a pterygium within the conjunctiva 

within the infero-nasal quadrant, where incision with 
scissors may result in excessive sub-conjunctival 
haemorrhage, and would therefore ideally be avoided.

2. Prior surgery for retinal detachment.
3. Anatomical anomalies within the medial rectus muscle, 

or its insertion.
4. Anatomical anomalies within the bone structure of the 

orbit itself.

In such situations, there would be a need to find an 
alternative location for insertion, and the infero-temporal 
site is one such choice. McClure and colleagues29 in 2006 
undertook a one hundred patient randomised control trial 
to compare efficacy and safety of both the infero-nasal and 
infero-temporal approaches.  Their results demonstrated 
no effective differences in outcomes, in terms of globe 
akinesia, requirement for supplementary or  top-up 
injections after 8 minutes following initial injection, pain 
scores for the injection itself, intra-operatively or post-
operatively. In addition, there were no differences observed 
in incidence of both conjunctival chemosis and sub-
conjunctival haemorrhage. Their overall conclusion was 
that the infero-temporal approach allows for an effective 
alternative option in whom the standard infero-nasal route 
is limited by other factors, especially as the infero-lateral 
location is one of the two main options for peri-bulbar 
techniques, with which many practitioners are already very 
familiar.

Other locations have also been described. The supero-
temporal route, described by Fukasaku.30 has been 
described as utilising only a minimal volume of local 
anaesthetic, typically around 1ml, and achieves only 
analgesia, without akinesia. However, Gill describes a two-
quadrant approach for vitreoretinal procedures, in which 
up to 5ml of injectate is applied to the supero-temporal 
quadrant. Roman and colleagues31 in 1997 describe a 
supero-nasal approach, but this option is somewhat limited 
by both difficulties in achieving conjunctival dissection in 
this area, but primarily by the increased vascularity of this 
quadrant, relative to that of the infero-nasal quadrant at 
least.32

equipment

lid speculum 
An eyelid speculum is used to prevent blinking, and ensure 
that the conjunctiva is adequately and safely exposed 
throughout the process of inserting the sub-Tenon block.  
There are multiple varieties of eyelid speculum available 
for purchase, all of which service different purposes. They 
can be broadly divided into the following categories:
1. Non-adjustable wire
2. Adjustable, wire or solid
3. Nasal access
4. Temporal access
5. Additional features, e.g. attachments with the ability to 

aspirate fluids

Speculums used in ophthalmic surgery are often available 
in combinations of these features, and the non-adjustable 
wire temporal approach variety is the most simple, and 
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The additional features of other varieties of forceps 
increase the cost, with adjustable versions costing around 
£8 to £9 each.  Nasal-approach versions are slightly more 
expensive, at around £3.50 each, but do not improve 
accessibility for the standard sub-Tenon technique.  

forceps 
There are many varieties of forceps available within 
ophthalmic surgery, but the types which are most 
commonly included in a sub-Tenon pack are either the 
Moorfi elds forceps or Hoskins forceps, with a notched 
tip. Their common feature are an atraumatic tip, designed 
to maintain a grip of the conjunctiva which is bathed in 
teardrops, reducing the ability to achieve a fi rm grasp. 

consequently also the most economic to produce.  Several 
manufacturers are available, but one of the most popular 
generic types is the Kratz-Barraquer speculum. It is most 
frequently manufactured from steel or titanium, making it 
light weight and relatively cheap to manufacture, at around 
£2.50 per unit for a single-use device in steel, or around 
£50 for a multi-patient use titanium version.33 This non-
adjustable speculum from most manufacturers is typically 
around 52mm in total length, and produces blade opening 
of around 13.5mm.

Other types include Fechtner conjunctival forceps, with a 
ringed tip.

scissors
The most commonly used variety of scissors for piercing 
through the conjunctiva and subsequent dissection into 
the sub-Tenon’s space is the Westcott type.  It is a spring-
loaded variety, with the blades open in its resting position, 
promoting the dissection process and opening up space 
into which a cannula can pass.

fig 4. Kratz-Barraquer speculum34

fig 5. Moorfi elds forceps35

fig 6. Moorfi elds forceps tip35

fig 7. Hoskins notched tip forceps36

fig 8. Fechtner conjunctival forceps37

Whilst generally safe, as evidenced by their near universal 
use without frequent complications, there has been one 
case report39 of a globe perforation during dissection.  
The patient involved had had previous bilateral retinal 
detachments, and required surgery for a second retinal 
detachment in his left eye. During dissection with scissors, 
the globe was perforated. The authors note that caution 
should be applied in patients who have undergone previous 
ophthalmic surgeries, or those known to have thin sclera.

single use sets
In recent years, the use of single use equipment has 
become more prevalent, such as this set supplied by Blink 
Medical.  It contains Moorfi elds Forceps, Westcott scissors 
and a Kratz-Barraquer temporal speculum. Benefi ts include 
sharper blades to the Westcott scissors, permitting smaller 
conjunctival incision, reduced inter-patient cross-infection 
risk and guaranteed availability of instruments, obviating 
the need for either on-site or off-site sterilisation of multi-
use equipment, and the associated costs involved.

fig 9. Westcott scissors38

fig 10. Single use sub-Tenon set40
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conjunctival probe
A recently introduced product is the conjunctival probe, 
also produced by Blink Medical. It is a small injection-
moulded plastic probe which is used instead of Westcott 
scissors to pierce the conjunctiva, rather than cutting it. 
The slightly dulled tip reduces the risk of capillary trauma, 
reducing the chance of sub-conjunctival haemorrhage. The 
tip is sized correctly to enable the sub-Tenon cannula to 
fi t within the incision, but the reduced and reproducible 
incision size created allows for less of the local anaesthetic 
injectate to escape anteriorly, either causing chemosis, or 
escaping the orbit entirely. Blink Medical are marketing this 
technique as the Small Incision Sub Tenon Anaesthesia, or 
SISTA, technique.  As this is a new product on the market, 
there is limited evidence in the literature to draw upon at 
present.

cannula 
There are several types of cannula available for use in sub-
Tenon blocks. The most frequently used is the so-called 
“Stevens type”, a metal cannula, such as the BD Visitec 
cannula (Beaver-Visitec, Waltham, MA).

Others include the slightly shorter, plastic Kumar-Dodds 
cannula.

fig 11. Single use sub-Tenon set41

fig 12. BD Visitec sub-Tenon cannula42

fig 13. Kumar-Dodds sub-Tenon cannula43

The Stevens type is designed to allow local anaesthetic 
to be deposited directly posterior to the globe, whereas 
the Kumar-Dodds cannula is slightly shorter, but still 
predominantly delivers local anaesthetic to the posterior 
portion of the globe.

There are also shorter cannulae available. These include 
the Greenbaum cannula, which is only around 1cm in 
length, and purposely designed to avoid trauma to any 
structure posterior to the globe. However, this requires 
higher pressure injections to be administered to facilitate 
fl ow of local anaesthetic posteriorly, and this increased 
‘shear’ force, can, in itself, result in tissue trauma. In 
addition, faster injection speeds are associated with 
chemosis development, and higher patient-reported pain 
scores.

fig 14. Greenbaum cannula44

fig 15. Ultrashort cannula17

There is also the so-called “ultrashort” cannula, at less than 
1cm in length. This has similar properties to the Greenbaum 
cannula.

There is one published paper45 comparing these three 
cannula in clinical use. 150 patients receiving sub-Tenon 
blocks were randomised to the short-anterior Greenbaum 
cannula, the mid-posterior Kumar-Dodds cannula or the 
classic posterior-Stevens cannula.  All patients received 
a 5ml injection of 2% lidocaine with hyaluronidase. All 
patients developed adequate akinesia of the globe within 
6 minutes of injection, but the Greenbaum cannula has 
signifi cantly lower development of ptosis. All three groups 
reported mean pain scores of less than 1.2 (out of 10), but 
there was a statistically signifi cant reduction in mean pain 
score from 1.1 in the posterior-Stevens group to 0.4 in the 
anterior-Greenbaum group, although it is doubtful whether 
this is clinically signifi cant.
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Unsurprisingly, the Greenbaum cannula group had 
very much higher incidence of chemosis development 
(76%) compared to the other two groups (20% mid-
posterior and 32% for posterior), and a similar result as 
well for sub-conjunctival development (52%, v. 20% and 
20%, respectively). Both of these findings were strongly 
statistically significant.  

The results suggest that all three cannulae are effective 
in achieving clinical anaesthesia, but the shorter cannulae 
are more likely to result in aesthetic complications and 
potential for increased surgical difficulty, albeit at a small, 
but significant, reduction in pain score on insertion and 
injection of local anaesthetic.

sterility & anti-sepsis

The effects of iodine as an anti-septic agent have been 
known for many years. Iodine exerts its antibacterial 
effect by iodinisation and oxidative processes on bacterial 
cell membranes and cytoplasm, and has been in clinical 
use since the early part of the 20th century, when it was 
available as an alcohol-based “tincture of iodine.”  

Iodine has been used in relation to ophthalmology since 
the 1950s.46 

The desire for alcohol-free iodine products led to the 
development and combination of iodine compounds in 
conjunction with other agents to promote water solubility, 
producing a compound known as an “iodophor”. In 
this case, the iodine component can be administered 
as a solution, and released in a time-modified fashion, 
enhancing its effect.  

The effect of iodophors on reduction on bacterial load in 
the peri-orbital area, prior to ophthalmic surgery, was first 
noted in 1970.47

Povidone, also known as polyvinylpyrrolidone (or PVP), 
in combination with iodine as povidone-iodine is one such 
iodophor, and resulted in the formulation of commercial 
products such as “Betadine”. This contains povidone, 
hydrogen iodide and elemental iodine, is fully soluble in 
cold water and is cheap to produce. There is no known 
bacterial resistance development to the compound, as it is 
directly bactericidal.48 

The first major study49 to identify the currently-used 
5% povidone-iodine combination was conducted in 
1984, and demonstrated a 91% reduction in bacterial 
colonisation, and a 50% reduction in bacterial species 
cultured. In addition, povidone-iodine reduces the risk of 
endophthalmitis, as demonstrated in a US study50 of over 
8,000 patients undergoing cataract surgery, in which the 
incidence of endophthalmitis was reduced from 0.24% to 
0.06%. The authors state that in 1991, over 1.8 million 
individual cataract procedures were performed, and with 
a 50% occurrence of blindness following endophthalmitis, 
the development of povidone-iodine has resulted in 
around 1,600 cases per year of blindness being avoided 
in the USA alone, with the worldwide figure per year being 
commensurately higher.

topical local anaesthesia options

Topical local anaesthetics are considered here in respect 
to their use for anaesthetising the conjunctiva prior to sub-
Tenon anaesthesia. It is also important to note that this 
route of applying local anaesthetic can be used as the sole 
anaesthetic for the entire procedure for cataract surgery 
as well, and there is good evidence that it is a perfectly 
safe and acceptable method to choose. A Cochrane 
review51 published in 2015 analysed seven separate 
studies, including 617 patients and 742 individual eyes 
undergoing phacoemulsification and intra-ocular lens 
implantation. The results demonstrated, with a high quality 
level of evidence, that there was a significant reduction 
in intra-operative pain scores in this surgical procedure 
when using sub-Tenon injections rather than topical local 
anaesthesia, but this was only by one point, on a ten-
point pain scoring system, and the authors note that this 
difference is unlikely to be clinically significant. The authors 
also note that intra-operative pain scores also account for 
the pain experienced during insertion of the sub-Tenon 
block, which, in comparison to the application of local eye 
drops, is clearly likely to be associated with a higher level 
of discomfort as it is a ‘needle-free’ process by which local 
anaesthetic is applied.  

In addition, topical local anaesthesia will never result in 
akinesia of the globe, and thus requires a different patient 
cohort, both in terms of anticipated level of difficulty of the 
procedure from a surgical perspective, and patient co-
operation levels being somewhat higher, to ensure that 
surgery can proceed uneventfully.

It follows from this Cochrane review that for relatively more 
simple cataract procedures, in patients with few or minor 
co-morbidities, that topical local anaesthesia is a viable 
option, and is also advantageous from a time efficiency 
point of view, and with the consequential cost-savings 
associated as well.

choice of local anaesthetic
The choice of local anaesthetic for topical anaesthesia 
for both cataract surgery and prior to the siting of sub-
Tenon blocks is quite extensive. There are many local 
anaesthetics available in droplet application formulations, 
such as the Minims collection, (Bausch & Lomb, Bausch & 
Lomb House, 106 London Road, Kingston-upon-Thames, 
Surrey, KT2 6TN, UK).

These include: 
1. Oxybuprocaine hydrochloride, 0.4%
2. Proxymetacaine hydrochloride, 0.5% (also known as 

Proparacaine)
3. Tetracaine hydrochloride 0.5% and 1%
Other agents used include:
4. Lidocaine 2% and 4%
5. Cocaine

In general, all topical local anaesthetic agents have a 
short duration of action as they are removed rapidly from 
the surface of the eye, due to the induction of a reflex 
lacrimation response, as a result of the stinging sensation 
caused by each drug. The degree of stinging that results 
from application varies by agent, and is fairly mild to 
moderate with oxybuprocaine and proxymetacaine, but is 
noticeably more pronounced with tetracaine.
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oxybuprocaine
Oxybuprocaine is an ester-type local anaesthetic, and the 
non-ionised base of oxybuprocaine is rapidly absorbed 
from the pre-corneal tear film by the lipophilic corneal 
epithelium.52 The drug then diffuses into the corneal 
stroma and from there into the anterior chamber where it 
is transported away by the aqueous flow and subsequently 
diffuses into the systemic vascular circulation via the 
anterior uvea. It is assumed that oxybuprocaine is rapidly 
metabolised by plasma cholinesterases, and also by other 
non-specific esterases in the liver.  The recommended 
dose to achieve adequate anaesthesia of the conjunctiva 
to permit incision is three drops, applied at 90 second 
intervals.  It has a duration of action of around one hour, 
and aside from transient stinging on instillation, is not 
noticeably associated with significant adverse effects.

proxymetacaine
Proxymetacaine is also an ester-type local anaesthetic, 
and is presented in a similar format to oxybupracaine.53  It 
does need to be stored at a temperature of 2-8°C for long 
term storage, but can be kept at room temperature for up 
to one month without deterioration occurring. Instillation 
of refrigerator-temperature local anaesthetic, at around 
5°C, is likely to be more uncomfortable for patients than 
application at room temperature of around 20°C, and 
this should be factored in to drug preparation in the peri-
operative period.

Its optimal administration is stated as varying by specific 
indication: instilling one or two drops around two to three 
minutes before a simple surgical procedure, such as suture 
removal, or preparation for a sub-Tenon injection should 
suffice. However, for “deep anaesthesia”, one drop is 
recommended every five to ten minutes, for five to seven 
separate applications.

Proxymetacaine also rarely causes adverse effects.  
These include conjunctival irritation, a severe immediate 
hypersensitivity reaction and also epithelial keratitis, iritis 
and the production of a grey ground-glass appearance to 
the cornea.  It has a duration of action of around 15 minutes.

tetracaine
Tetracaine is also well known by its initial brand name 
“amethocaine”, and is also an ester-type local anaesthetic 
agent.  Amethocaine is also commonly used for topical skin 
anaesthesia in preparation for intravenous cannulation, 
as a component of “Ametop” cream. Tetracaine liquid is a 
formulation specifically applied via the ocular route, and is 
available in two concentrations: 0.5% and 1%. It can be 
stored at room temperature. It is applied at a dose of one 
drop, as required, and a strong burning sensation following 
instillation is frequently observed, and this commonly 
has a duration of around 30 seconds. Its weakly basic 
formulation, with a pKa of 8.5 results in significant variation 
in the amount of un-ionised drug available when alterations 
in conjunctival pH occur, such as may be possible with 
localised infection. Of interest, it has been observed with 
in vitro studies that tetracaine has a strong binding affinity 
to melanin, and unpredictable variations in duration may 
occur with application to deeply pigmented eyes.

There have been several undesirable effects observed, 

and these include corneal epithelial disorders such 
as superficial punctuate keratitis and corneal oedema 
following even short-term applications.54

lidocaine
Lidocaine is available as a gel formulation at varying dose 
strengths of between 2% and 3.5%, and as a preservative-
free eye drop formulation at 4% strength. Lidocaine is an 
amide-type local anaesthetic agent, and is typically applied 
at a dose of around 20mg, i.e. 1ml of 2% gel or 0.5ml of 
4% drops. It is noted by several authors that the use of 
a gel allows more prolonged exposure to lidocaine, and 
increases the sub-conjunctival concentration of lidocaine 
as a result.55  

There have been several studies where the efficacy of 
lidocaine gel has been evaluated.  Assia et al. showed that 
in a series of one hundred patients that simple cataract 
surgery proceeded with a mean pain score of one, on a 
0-10 scoring system.56 The gel was applied three to five 
times prior to surgery, and just three patients required an 
intra-cameral top-up injection of additional lidocaine. 
 
A study by Bardocci57 showed statistically significant 
superior efficacy with the use of the 2% gel formulation, 
over 4% eye drops, for a case series of 107 patients 
undergoing cataract surgery with topical anaesthesia 
alone, with respect of intra-operative pain scores, and 
requirement for top-up analgesia as a consequence: two 
patients in the gel group, and eight in the eye drops group.

Furthermore, there is also some evidence that lidocaine 
exerts some antibacterial properties, as it is both 
bacteriostatic and bactericidal. Its use can therefore 
supplement other surgical site infection prevention 
measures already that are already implemented.  Parr et 
al demonstrated58 in 1999 that lidocaine inhibits the growth 
of Escherichia faecalis, Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus, methicillin-resistant 
S. aureus (MRSA), and vancomycin-resistant enterococci, 
in a dose-dependent fashion.  Further papers by Noda et 
al,59 Sakuragi et al60 and Aydin et al,61 also confirmed a 
similar range of bacteriostatic effects in concentrations of 
lidocaine greater than 2%.

In terms of adverse effects, lidocaine is very safe overall, 
as demonstrated in a multi-centre trial62 investigating the 
efficacy of a 3.5% gel preparation. There was around a 
6% occurrence of corneal staining, but in every patient 
affected, the changes had fully resolved within 24 hours 
of instillation.

infiltrated local anaesthesia options

local anaesthetic drug options
There is a wide range of options available of local 
anaesthetic agents used for infiltration via the sub-Tenon 
route.  These include:
1. lidocaine (available as 1% or 2% concentrations)
2. bupivacaine (available as 0.25%, 0.5% and 0.75%)
3. levobupivacaine (available as 0.25%, 0.5% and 

0.75%)
4. ropivacaine (1%)
5. mepivacaine
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6. etidocaine
7. prilocaine
8. articaine

Most anaesthetic practitioners in the UK currently use 
either lidocaine 2% or bupivacaine 0.5% / levobupivacaine 
0.5%, either solely, or, frequently as a combination of 
lidocaine 2% with bupivacaine 0.5%, in an equal ratio.  The 
origin of this combination is that it is the injectate as used 
by Stevens in the seminal 1992 paper, in which the classic 
sub-Tenon technique is described.10  

The rationale of this is the combination of rapid onset time 
from lidocaine, with a more sustained duration of action.  It 
is observed that this combination typically achieves around 
60 to 90 minutes of surgical anaesthesia, and around four 
hours of analgesia in the post-operative period.

This section will contain a discussion on the essentials of the 
pharmacology of each agent, and the evidence supporting 
its use as a component within sub-Tenon anaesthesia.

lidocaine
Lidocaine was developed in 1948 by Lofgren64 in Sweden, 
and was the first of the amide-type local anaesthetics 
introduced into clinical practice.  It has a duration of action 
of around one to three hours, and undergoes hepatic 
metabolism. Its protein binding is around 19% to 39%, 
variable between subjects, primarily due to the variation in 
volumes of alpha-1 glycoprotein.65  

Bupivacaine
Bupivacaine is an amide-type local anaesthetic. It is 
highly protein-bound, with around 95% binding to alpha-1 
glycoprotein and albumin within plasma.  In adult patients, 
its terminal half life is around 2.7 hours, with a duration of 
action of up to 6 hours.66

As such, there is little in the published literature to support 
or counteract the use of both lidocaine and bupivacaine 
for sub-Tenon techniques, as both agents are in effect the 
standard to which other, more recently introduced, drugs 
are compared.

levobupivacaine
Levobupivacaine is an enantiopure presentation of 
bupivacaine, specifically the S(-) -enantiomer. It was 
introduced in the 1990s, showing lower degrees of 
cardiotoxicity in animal studies compared to plain 
bupivacaine.67,68

Subsequently, human studies confirmed that 
levobupivacaine was less potent in binding to cardiac 
sodium and potassium channels.69

Levobupivacaine also has lower affinity than bupivacaine 
for central nervous system structures in animal studies, 
resulting in a higher plasma concentration being required 
to induce seizures, a feature again confirmed in human 
subjects.70,71

In terms of specific evidence with regard to ophthalmic 
anaesthesia, there has been published evidence comparing 
bupivacaine and levobupivacaine in relation to peribulbar 
blocks, but not specifically in their use for sub-Tenon 

blocks. Levobupivacaine 0.5% shows similar onset times, 
degree of ocular akinesia and duration of action to 0.5% 
bupivacaine. Similarly,  levobupivacaine 0.75% achieved 
a similar onset time of 2 minutes to that of bupivacaine, 
following 5ml of injectate.72,73

There is one paper by McLure74 in 2005, which compared 
levobupivacaine 0.75% with 2% lidocaine for sub-Tenon 
blocks, however, in which 91 patients received a 4ml 
injection of either local anaesthetic, each with the addition 
of 15 units per ml hyaluronidase. There was a more rapid 
onset time with lidocaine, as might be expected, at around 3 
minutes in the lidocaine group, compared to 5 minutes in the 
levobupivacaine group. Otherwise, there were no observed 
differences in ocular akinesia achieved, requirement for top-
up or supplementary blocks, and intra-operative and post-
operative pains scores. The authors conclude that while 
the difference in the two agents’ onset time is statistically 
significant, the clinical difference achieved is not clinically 
important. Of course, at two minutes per procedure, on a 
high volume theatre list, even this relatively modest time 
saving could multiply into a worthwhile time saving benefit, 
allowing for potentially an additional case to be undertaken 
and, furthermore, there is the additional duration of action 
of bupivacaine to consider, with the effect of ongoing loss 
of vision in the operative eye a further consideration.

Overall, levobupivacaine has a similar profile to racemic 
bupivacaine in terms of sensory block achieved with regard 
to surgical anaesthesia,75 but with a significantly superior 
safety profile, it would seem to be the agent of choice over 
bupivacaine.

ropivacaine
Ropivacaine is an amide-type local anaesthetic, with a 
long duration of action of typically up to 2 hours surgical 
anaesthesia, and 6 hours analgesia in ocular anaesthesia 
use, making it more suited for vitreoretinal procedures than 
cataract surgery. It is available in various concentrations: 
0.2%, 0.75% and 1%, with 0.75% and 1% concentrations 
typically used to achieve surgical anaesthesia, and the 
lower concentration for continuous catheter techniques, 
such as epidurals or peripheral nerve blocks. Rather like 
levobupivacaine, there is evidence of a good margin of 
safety in terms of appearance of signs of cardiac and central 
nervous system toxicity, when used in the recommended 
doses. It is also presented as a pure S(-)-enantiomer, and 
is highly lipid soluble. It is relatively slowly absorbed into 
the systemic circulation, whereby it has a terminal half life 
of 1.8 hours, but the observed duration of clinical effect is 
significantly longer due to slow absorption profile.76

The evidence for its use in ophthalmic anaesthesia is 
fairly limited. A paper by Katchko77 demonstrated that a 
post-surgical sub-Tenon block with 0.2% ropivacaine for 
patients undergoing strabismus surgery under general 
anaesthetic effectively reduced pain scores and analgesia 
requirements for up to 23 hours post-operatively.

There is one paper by Koh78 comparing 1% ropivacaine to 
the standard mixture of lidocaine/bupivacaine, in which the 
authors observe that “there were no differences observed 
in either quality of anaesthesia, or degree of akinesia 
achieved, and the clinical effect” achieved.    

One final theoretical disadvantage of ropivacaine is that it 
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fig 16. Structure of local anaesthetic drugs in current use63

has only weak anti-bacterial properties, compared to both 
lidocaine and bupivacaine. Whether this has any clinical 
signifi cance in relation to ocular surgery remains unclear.79

mepivacaine
Mepivacaine is also an amide-type local anaesthetic, fi rst 
introduced in the 1960s. It is usually presented in a 2% 
concentration, and is of medium duration of action, in 
relation to lidocaine and bupivacaine, respectively. It is 
presented as a racemic mixture of two enantiomers, the 
R(-) and S(+) forms, which exhibit variation in their clinical 
effects when studied independently. It is around 30% 
protein bound.80  

A paper by Luchetti,81 from 2000, in which a mepivacaine/
bupivacaine mixture was compared to ropivacaine 
for the peri-bulbar technique showed that ropivacaine 
produced superior akinesia and fewer requirements for 
supplementary top up blocks.

There have been two papers82,83 in relation to its use 
in sub-Tenon anaesthesia, both published by Ripart, in 
2000 and 2006. The 2006 paper looked specifi cally at 
comparing 2% mepivacaine and 2% lidocaine in cataract 
surgery, in particular with regard to degree of akinesia 
achieved, intra-operatively and post-operatively, and as a 
secondary outcome measure, the time of onset of block. 
They concluded that there was not observable difference in 
either study group, despite lidocaine having a theoretically 
shorter duration of action.

Prior to this paper, Ripart had published a study in 2000 in 
Anaesthesia and Analgesia, comparing mepivacaine 2% to 
the classic lidocaine 2%/bupivacaine 0.5% mix. This was 
a sixty patient double blinded randomised study, assessing 
time of onset of block, akinesia, need for supplementation 
and time to recovery. The authors conclude that the onset 
time in the mepivacaine group was statistically shorter, but 
of little clinical interest, but the shorter offset time allows for 
earlier restoration of eyelid function.
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etidocaine
Etidocaine is an amide-type local anaesthetic, primarily 
used in dentistry. It has a similar structure to lidocaine, but 
is 50 times for lipid soluble. It demonstrates a very high 
protein binding, at 94%, comparable to that of bupivacaine, 
but has a low pKa, at 7.7, compared to lidocaine at 7.9, 
and bupivacaine at 8.3. Thus, it has the advantage of being 
quick in onset time, comparable to lidocaine, but with a 
duration of action similar to bupivacaine. It fell somewhat 
out of favour in dentistry circles due to a series of papers 
which suggested its use was associated with reduced 
haemostasis following dental extraction procedures. In 
addition, etidocaine has an increased cardiodepressant 
effect compared to lidocaine84 and a significantly worse 
systemic toxicity profile than lidocaine overall.85 Its use in 
dentistry was somewhat superseded by the development 
of ropivacaine, as a safer alternative to bupivacaine in 
the long-acting local anaesthetic sector, primarily due 
to the concerns over increased bleeding. In ophthalmic 
anaesthesia, this may be less relevant, but no studies 
looking at its use with sub-Tenon anaesthesia have been 
undertaken. The only paper86 in relation to ophthalmic 
anaesthesia is a 300 patient case series, for vitreoretinal 
procedures, in which a combination of a bupivacaine/
etidocaine peribulbar block was performed, followed by 
supplementary lidocaine sub-Tenon block, if required.  This 
demonstrated 99% achievement of ‘excellent analgesia’ in 
the entire series.

prilocaine
Prilocaine is an amide-type local anaesthetic, derived from 
lidocaine, also by Lofgren, in 1960.87 It has a similar onset 
time to lidocaine, but a longer duration. Its primary feature 
is a good safety profile, even with intravenous regional 
anaesthesia, but toxicity can still occur. That said, a 
paper published in 1990 by Bartholomew88 cited evidence 
from a survey of UK Emergency Medicine departments, 
where around 45,000 Bier’s blocks had been performed 
without one single documented case report of convulsion, 
arrhythmia or fatality.

Prilocaine has been available in various formulations since 
its introduction, at concentrations varying from 1%, 2%, 
3% and 4%, with and without additives such as adrenaline 
and octapressin/ felypressin. It is now only available in the 
UK as a 1% solution for nerve blocks, and as a hyperbaric 
2% solution, for intrathecal administration, with all other 
formulations having been withdrawn.

Its use in ophthalmic anaesthesia was previously frequent, 
especially when administered via the peribulbar route, 
where it was demonstrated to have a faster onset time, 
and be as efficacious in analgesic effect, to lidocaine/
bupivacaine mixtures.89 Its use in current practice has 
fallen away, primarily due to the reduction in strength of 
concentration available in clinical use.

articaine
Articaine was first developed in the early 1970s, was 
originally name ‘carticaine’ and was introduced in to clinical 
practice in 1973/74. It is an amide-type local anaesthetic,90 
but has:
1. a rapid onset of action due to a thiophene ring in 

its structure, which confers greater lipid solubility 
compared to other amide local anaesthetics.

2. enhanced tissue penetration91 as a result, including 
into bone.

3. a shorter duration of action compared to others within 
the group as it contains an ester-link in its structure, 
and thus is rapidly metabolised by plasma and tissue 
esterases.  

It has a UK licence for dental anaesthesia, granted in 1998, 
and is frequently used across continental Europe for a wide 
range of procedures undertaken under local anaesthesia.  
In dentistry, it is licensed and available in the UK as a 
4% concentration, in conjunction with adrenaline at 5 or 
10 μg per ml, i.e. 1:200,000 or 1:100 000, as Septanest.92 
Elsewhere in the world, it is also available as a plain 2% 
concentration, for which is it has been used in ophthalmic 
anaesthesia.

Its use in ophthalmic anaesthesia has been evaluated 
on several occasions, initially when used in a peribulbar 
technique,93 and also by Ozdemir94 and subsequently 
by Gouws et al,95 in 2004, as an 80-patient double 
blinded randomised control trial. Each group of patients 
received either articaine 2% or a combination of 0.5% 
bupivacaine/2% lidocaine, and up to 5ml of local 
anaesthetic, the injection being terminated at the first sign 
of conjunctival chemosis. The results demonstrated a mean 
time to readiness for surgery to be significantly lower in the 
articaine group at 3.5 minutes, compared to 5.2 minutes in 
the lidocaine/bupivacaine group. Also, ocular movement at 
all time intervals post-injection (2 minutes to 10 minutes) 
were reduced, with increased incidence of akinesia in the 
articaine group. In addition, both sub-groups used local 
anaesthetic alone, without additional adjuvants such as 
hyaluronidase. 

There have been concerns raised96 about the possible 
introduction of articaine to ophthalmic anaesthesia 
following the Ozdemir and Allman papers, with evidence 
of prolonged recovery from anaesthesia and the 
development of neurotoxicity following dental use, 
such as a paraesthesia and hypoaesthesia, with a high 
incidence of adverse drug reactions being reported.97 This 
is potentially caused by the routine use of 4% articaine 
with adrenaline in dentistry, whereas the 2% strength is 
suggested in ophthalmic anaesthesia. Ozdemir replies to 
these concerns to document that no incidence of adverse 
effects have been observed in his clinical practice, with 
all cataract patients followed up four times in the first two 
weeks post-operatively, and again at one month and three 
months post-operatively. 

summary
The original mixture for sub-Tenon injections of equal 
parts of 2% lidocaine and 0.5% bupivacaine remains the 
standard by which all other agents are compared. The 
factors to consider when deviating from this combination 
are:
1. Speed of onset: Lidocaine 2% alone is more rapid, 

although 0.75% levobupivacaine produces an onset of 
action of just a few minutes more.

2. Duration of action: Bupivacaine or ropivacaine are 
the longest acting agents currently on the UK market.  
Lidocaine and articaine are the shortest.

3. Safety: Lidocaine is unlikely to cause any toxicity in 
the dose administered via the sub-Tenon route: 100mg 
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is a therapeutic dose in many intravenous lidocaine 
protocols. Levobupivacaine has a better safety profile 
than racemic bupivacaine, and, cost aside, there 
seems little reason not to use it instead, or substitute 
ropivacaine in its place instead.

4. Additives: Avoiding hyaluronidase may be beneficial, 
and articaine’s superior tissue penetration can obviate 
the need for hyaluronidase. The use of adrenaline 
remains controversial, and articaine is not available in 
the UK without its addition.

 

other additives

adrenaline
Adrenaline is added to local anaesthetic mixtures for two 
primary reasons.
1. Prolongation of local anaesthetic action
2. Reduction in haemorrhage risk 

Adrenaline has been used historically in ophthalmic 
anaesthetic, primarily with sharp needle techniques such 
as retrobulbar and peribulbar approaches, and its use 
has continued into the sphere of sub-Tenon injections.  
The incidence of orbital haemorrhage occurs with an 
incidence of 0.1-0.3% with needle-based procedures, and 
is a sight-threatening complication. Venous haemorrhage 
often manifests as blood-stained conjunctival chemosis, 
whereas arterial haemorrhage is more rapid and associated 
with periorbital swelling and a rapid rise in intraocular 
pressure.98,99

Adrenaline use does however have the potential to cause 
adverse effects, including central retinal arterial spasm, 
and toxicity to the macula, so its use must not be seen 
as routine, and needs to be carefully evaluated. A recent 
case report, albeit in a trauma patient having sutures 
applied to a peri-orbital wound, where mepivacaine and 
adrenaline was infiltrated resulted in sudden loss in visual 
acuity, and subsequent investigation demonstrated needle 
globe penetration had occurred, with consequential central 
fundus haemorrhage observed.  Intravitreal adrenaline has 
been implicated as a contributory factor.100

There is very little evidence in the published literature 
specifically relating to the use of adrenaline with sub-Tenon 
techniques. It would therefore seem possible to assume 
that much of the current clinical use of adrenaline as an 
additive to local anaesthetic mixtures stems from historical 
continuity, rather than evidence-based practice. Given 
the incidence of peri-orbital haemorrhage with sub-Tenon 
techniques is very rare indeed, compared to sharp needle 
techniques, and that increased duration of local anaesthetic 
action can be safely achieved using longer acting agents 
such as levobupivacaine, it seems appropriate to consider 
whether adrenaline continued use can currently be 
supported in sub-Tenon approaches.

hyaluronidase
Hyaluronidase was first used with local anaesthetics in 
ophthalmology in 1949 by Atkinson.101 Hyaluronidase 
is an enzyme derived from sheep testicular tissue that 
temporarily degrades the interstitial barrier between cells 
by depolymerising hyaluronic acid to a tetrasaccharide, 
thereby enhancing the diffusion of local anaesthetic through 

connective tissue planes. It has been shown to improve the 
onset and enhance the quality of retrobulbar, peribulbar 
and sub-Tenon's block,102,103  

The agent is presented as a freeze-dried powder of 1500 
IU (Hyalase®; Wockhardt UK Ltd, Wrexham, UK) and can 
be reconstituted in 10ml of any local anaesthetic solution to 
create a dilution of 150 units/ml. A non-ovine recombinant 
human preparation (Hylenex; Halozyme Therapeutics 
Inc, San Diego, CA) is also available in some countries, 
but not the UK. Hyaluronidase in solution results in the 
alkalinisation of the local anaesthetic mixture: the pH 
of plain bupivacaine is increased from 5.3 to 6.3, and 
this undoubtedly increases the available free fraction of 
basic drugs such as local anaesthetics for clinical action, 
improving speed of onset.104 

The recommended dose of hyaluronidase in the UK is 
15units/ml of injectate, i.e. 0.5ml of the reconstituted 10ml 
solution, in addition to 4.5ml of further local anaesthetic 
There are reports of much lower doses, as little as 5 units/
ml, being effective,105 with higher doses of 100 units/ml 
or more associated with increased incidence of adverse 
effects, with no associated improved outcomes.106

The use of hyaluronidase significantly improves spread of 
local anaesthetic drugs with sub-Tenon blocks, and this has 
been confirmed with real-time ultrasound assessment.107

Published evidence have shown that the addition of 
hyaluronidase significantly accelerates the onset of globe 
akinesia with sub-Tenon block, but does not improve 
the final block quality,108 though Sedghipour’s paper109 
in 2012 demonstrated not just improved akinesia onset, 
but enhanced surgical satisfaction and reduced patient 
pain scores when adding hyaluronidase to lidocaine 2% 
in a small study of 40 patients. It may also reduce the 
incidence of transient postoperative extra-ocular muscle 
paresis. There is also evidence citing prolonged recovery 
of extra-ocular muscle function when hyaluronidase is not 
used, resulting in prolonged diplopia to the patient in the 
post-operative period, but these case reports were both 
with peribulbar blocks.110,111 However, no studies looking 
specifically at post-operative muscle paresis with sub-
Tenon blocks have been undertaken.

There is a risk of allergic reaction to hyaluronidase, but this 
is uncommon. Reports of immediate hypersensitivity are 
very rare,112 with a delayed hypersensitivity reaction 12-72 
hours postoperatively more likely; this presents as orbital 
redness and swelling that may be confused with infective 
orbital cellulitis.113-115 

In conclusion, there is little doubt that hyaluronidase is a 
useful adjunct to the practice of sub-Tenon blocks, in that 
speed of onset is enhanced, there is improved incidence 
of ocular akinesia and consequent surgical satisfaction, 
perhaps in part due to a reduction in volume of local 
anaesthetic able to be injected, and consequently patient 
pain scores are also reduced. However, hyaluronidase is 
an expensive drug. The NHS cost is £13.65116 per ampoule, 
and so limiting its use to the recommended 15 units/ml of 
injectate is both sensible on economic grounds, before the 
considerations of potentially increased adverse effects that 
are seen with high dose administration are included.
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volume infiltrated and intra-ocular 
pressure

What is the optimal volume of injectate with a sub-Tenon 
block? As with many areas of regional anaesthesia, the use 
of a higher volume of local anaesthetic will almost invariably 
enhance the success rate, but this usually is accompanied 
by adverse effects associated with the increased volume 
applied to the patient. As has already been discussed, 
the use of hyaluronidase permits faster onset blocks with 
lower volumes of injectate, and this is perhaps its principle 
benefit, as in larger volume peribulbar blocks, the benefit of 
hyaluronidase is less clear.117,118

The principle benefit of using a lower volume of injectate with 
sub-Tenon blocks is reduced compression of the anterior 
chamber of the eye, with consequential improvement to 
the surgical field, and reduced risk of accidental vitreous 
puncture that can occur and cause serious complications.  
The orbit is a fixed volume, and with high volume injectates, 
there are only limited ocular structures that can compress, 
and the other inevitable result is markedly raised intra-
ocular pressure.

Sohn et al in 2008 described the effect of volume used in 
sub Tenon anaesthesia on both efficacy and intraocular 
pressure, for vitreoretinal surgery.119 108 patients, and 119 
eyes in total, were randomised to receive 3ml, 5ml or 7ml 
of local anaesthetic solution. Intra-ocular pressure was 
measured prior to local anaesthetic injection, immediately 
after injection and subsequently at 2 minutes, 5 minutes and 
10 minutes. Results demonstrated significant increases in 
intra-ocular pressure in all three groups immediately after 
injection, with larger rises associated with larger volumes of 
injectate.  Intra-ocular pressure then fell at all time intervals 
thereafter, with the fall in the 3ml group taking pressures 
back to pre-injection levels.  There was also a significant 
increase in incidence of sub-conjunctival chemosis in 
the 7ml group, together with more frequent occurrence 
of marked rises of intra-ocular pressure (of greater than 
40mmHg). The conclusion is that 3 to 5 ml of injectate 
is optimum, and safe to deliver, and the nearer the total 
volume injected is to 3ml, the less frequent the incidence 
of adverse effects will be. This might require a further intra-
operative top up by the surgeon, though Sohn’s paper 
reported no reduction in patient satisfaction with the lower 
volume amounts.

Peribulbar techniques are associated with a rise in intra-
ocular pressure, and it is frequent practice to attempt to 
ameliorate this by means of pressure reduction devices, 
including the Honan balloon and digital massage. 

The evidence that sub-Tenon techniques result in a similar 
rise in intra-ocular pressure to that which occurs with peri-
bulbar and retro-bulbar approaches is somewhat lacking, 
and indeed there is evidence that intra-ocular pressure 
actually falls following sub-Tenon block. Alwitry et al 
(2001)120 sequentially measured the intra-ocular pressure 
in fifty patients undergoing sub-Tenon block with 5 ml 2% 
lidocaine, at the following stages,: prior to infiltration, and 
post-infiltration at 1 minute, 3 minutes, 5 minutes and 10 
minutes.  At 1 minute post injection, there was no significant 
change in intra-ocular pressure, and at every stage from 3 
minutes or greater, a significant reduction in intra-ocular 
pressure was observed.  At 5 minutes, the mean reduction 

was 2.72mmHg, and at 10 minutes the reduction was 
2.92mmHg, both of which were statistically significant.

The authors’ conclusion is that no pressure reduction 
mechanisms are required with sub-Tenon blocks, as not 
only do Honan balloons and digital massage occasionally 
result in complications, but that since the evidence 
suggests that intra-ocular pressure actually falls,121 it is a 
wholly unnecessary intervention.

A further paper by Gill in 2012 considered using a two 
quadrant injection technique for the sub Tenon approach,122 
to allow for a lower volume in each quadrant, with the 
potential for an overall reduced increase in intraocular 
pressure. 54 patients in total were randomised to receive 
either a 5ml volume of lidocaine/bupivacaine, plus 150 
units hyaluronidase, in the infero-nasal quadrant, or the 
same injection plus a further 5ml to the supero-temporal 
quadrant.  The result demonstrated more rapid onset of 
block, with improved pain scores intra-operatively.  24 
out of 27 patients in the one-quadrant group required 
intra-operative top up, but none needed top up in the two-
quadrant group. Similarly, all pain scores were lower in 
the two-quadrant group at up to 24 hours post-operatively.  
Crucially, intra-ocular pressure was similar in both groups. 
This suggests that rather than administer higher volumes 
of local anaesthetic to achieve either prolonged duration, 
or as an initial supplementary/ top-up injection following 
inadequate initial anaesthesia, it would be clinically safer 
to administer a second sub Tenon block in a separate 
quadrant to the first injection.

Some clinicians also advocate a two-step process, 
whereby the total volume of local anaesthetic injected 
is maintained, but administered in divided doses, with 
the theoretical advantage of improving the spread of the 
second injection, having allowed time for the hyaluronidase 
to effect its action from the first injection. There is however 
limited evidence that this is effective. Khan et al performed 
a randomised study123 of 60 patients divided into two 
groups: to receive 5ml of local anaesthetic (2.5ml 2% 
lidocaine, 2.5ml 0.5% bupivacaine, 1:400,000 adrenaline, 
with 15 units/ml hyaluronidase), either in one injection or 
two injections of 3ml, followed by 2ml after two minutes. No 
benefit to separating the injections was observed, and in 
fact, superior akinesia was observed in the single injection 
group.

honan balloon
The Honan balloon has been used for peribulbar techniques 
for many years, and undoubtedly is an effective method by 
which intra-ocular pressure is reduced. But is it necessary 
for sub-Tenon anaesthesia? As already discussed, there 
is no evidence that intra-ocular pressure rises significantly 
after sub-Tenon injection, especially if lower volumes of 
injectate are used, typically less than 5ml in total in any 
one quadrant. There is limited evidence regarding the 
use of the Honan balloon with sub-Tenon injections as 
a result, but one paper by Vallance et al in 2004 does 
specifically address this issue.124 They randomised 45 
patients to receive a sub-Tenon injection and then either no 
compression, or 10 minutes of compression with the Honan 
balloon. Intra-ocular pressure was measured immediately 
following sub-Tenon injection, and then at 10 minutes.  
Their findings showed a small rise in intra-ocular pressure 
in all patients, of just 1.39mmHg, with a mean pressure 
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reduction in the Honan balloon group of 4.20mmHg after 
10 minutes, with a mean pressure difference at 10 minutes 
between both groups of 4.99mmHg. Pain scores reported 
by the patients, and surgical satisfaction was similar in both 
groups.  The authors conclude therefore that the use of the 
Honan balloon makes little difference to the effectiveness 
of the technique.

digital massage
Massaging of the globe in an attempt to disperse the local 
anaesthetic solution has been shown to cause peaks in 
IOP of up to 400 mmHg125 and is associated with reports of 
bleeding in the anterior chamber.126

Given it has already been shown that sub-Tenon blocks 
produce only a modest, if any, rise in intra-ocular pressure, 
digital massage is not indicated, given the potential for 
marked and extreme rises in intra-ocular pressure. Gentle, 
steady pressure on the globe with a finger resting over the 
incision site will reduce local sub-conjunctival bleeding or 
chemosis, but more extensive ocular massage should not 
be performed.

assessment of efficacy

The Brahma scale is a commonly used method by which 
efficacy of an ophthalmic regional anaesthetic is assessed, 
looking at both the degree of ocular movement and ptosis 
resulting from a local anaesthetic injection.  It was originally 
described a something as a sideshow in a 1994 paper,127 
whose primary focus was to assess efficacy of a peribulbar 
technique, using prilocaine 3%/felypressin and a large 
amount of hyaluronidase, 750 units, with a total volume 
of 6ml injectate, either in one or two separate injections.  
Ocular movements were then assessed in all directions of 
gaze: abduction, adduction, elevation and depression. For 
each direction, a score from 0 to 3 was given, whereby 
3 represented full, normal movement, 2 represented 
moderate movement, 1 represented a flicker of movement 
and 0 represented no movement. Thus, the maximum score 
for normal ocular movement would be 12 points.  Similarly, 
a points-based system was applied to eyelid movement, 
with a score of 2 points for full movement, 1 point for a 
flicker of movement and 0 points for no movement. 

complications

chemosis
Chemosis is a swelling or ballooning of the conjunctiva and 
signifies spread of the local anaesthetic anteriorly from the 
sub-Tenon's space during injection or an incorrect injection 
into the subconjunctival space rather than the sub-Tenon's 
space.

The incidence of chemosis with posterior metal cannula 
is 23%128 and increases to 100%129 with shorter cannulae. 
Chemosis is more likely to occur if dissection of the 
Tenon's capsule is inadequate, or if a large volume of local 
anaesthetic is injected. Chemosis may be confined to the 
site of injection or extend to other quadrants.129 It does not 
usually interfere with cataract surgery but can compromise 
the operative field especially during glaucoma surgery.
Careful dissection and applying gentle pressure on the 
globe after sub-Tenon's block may reduce the swelling and 
limit its expansion.130

rectus muscle dysfunction
There have been several published reports of diplopia 
associated with sub-Tenon's block and the inferior rectus 
is the most commonly affected muscle. Jaycock et al131 
described three cases of persistent inferior rectus muscle 
restriction after sub-Tenon's block provided via the infero-
nasal quadrant. The investigators believed that direct 
trauma to the muscle with haematoma formation occurred 
at the time of the sub-Tenon's block with subsequent 
contracture of the affected muscle. All patients suffered 
from immediate peri-orbital bruising. Two of these patients 
received a local anaesthetic mixture of lidocaine 4% and 
bupivacaine 0.75%, which might have contributed to 
myotoxicity. Three more cases of inferior rectus muscle 
restriction were reported by Adams et al.132 Similarly, 
Merino et al133 reported eight patients who developed 
restrictive strabismus after sub-Tenon's block. Strabismus 
surgery was required in four cases. Lignocaine 5% was the 
anaesthetic agent used for the sub-Tenon's block. Spierer 
and Schwalb134 reported transient diplopia resulting from 
superior oblique muscle paresis after cataract surgery. A 
sub-Tenon's block was performed in the supero-temporal 
quadrant using a metal cannula that was advanced to 
its fullest extent along the sclera. Spontaneous recovery 
ensued (within one month). Muscle dysfunction after 
sub-Tenon's block may result from direct trauma to the 
muscle with either the scissors or trauma by the rigid 
metal cannula131,132 or from direct myotoxicity of the local 
anaesthetic solution. Inflammation or infection introduced 
into the sub-Tenon's space leading to adhesion formation 
may be another mechanism of muscle injury.132

others
There has been one case report of a patient who developed 
total blindness after cataract extraction possibly owing to 
optic neuropathy resulting from direct trauma by the tip of 
the sub-Tenon's cannula.135

summary

This literature review article has assessed every step of 
the process involved in patient selection and technique for 
sub-Tenon blocks. The technique of choice depends to a 
great extent on the indication for surgery, as anaesthesia 
for cataract surgery has differing requirements to that for 
vitreoretinal procedures.

The suggested technique for cataract surgery would be, 
based on the evidence presented here:
1. Equipment: Kratz-Barraquer speculum, Moorfields 

forceps and Westcott scissors, with consideration 
given to the new conjunctival probe as evidence 
emerges. Stevens-type, or Kumar-Dodds cannula for 
injection.

2. Oxybuprocaine for topical anaesthesia, due to side 
effect profile.

3. Infero-nasal quadrant as initial location for incision & 
injection.

4. Lidocaine 2%: safe, speed of onset, bactericidal.
5. Hyaluronidase 15 units/ml maximum.
6. 3ml injection volume initially, rising to 5ml if significant 

leak.
7. Slow injection speed to reduce chemosis.
8. Gentle digital pressure only, to reduce conjunctival 

chemosis and reduce sub-conjunctival haemorrhage.
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9. Top up in infero-temporal quadrant, if required, with 
3-5ml injectate.

Articaine 2% would represent a good alternative, but its 
use cannot be recommended at the present time, due to 
its availability in the UK being solely in combination with 
adrenaline, for which there is no evidence of benefit. The 
potential for removing hyaluronidase from injectates as 
both a risk reduction and cost reduction measure, without 
reducing clinical efficacy is appealing, and the use of 
articaine to achieve this warrants further investigation.

The suggested technique for vitreoretinal surgery would 
be, based on the evidence presented here:
1. Equipment: Kratz-Barraquer speculum, Moorfields 

forceps and Westcott scissors, consideration given 
to the new conjunctival probe as evidence emerges. 
Stevens-type, or Kumar-Dodds cannula for injection.

2. Oxybuprocaine for topical anaesthesia, due to side 
effect profile.

3. Infero-nasal quadrant as initial location.
4. Levobupivacaine 0.75%. Safe, onset time, bactericidal.
5. Hyaluronidase 15 units/ml.
6. Maximum 5ml injection.
7. Slow injection speed to reduce chemosis.
8. Gentle digital pressure only, to reduce conjunctival 

chemosis and reduce sub-conjunctival haemorrhage.
9. Top up in supero-temporal quadrant, if required, with 

further 5ml of same injectate as initial injection.
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introduction

Dexmedetomidine is a highly selective alpha-2-receptor 
agonist with sedative, anxiolytic and analgesic properties. 
Through its action on pre-synaptic receptors in the locus 
coeruleus, theoretically it is less likely to cause respiratory 
depression compared to alternative procedural sedation 
agents acting on the cerebral cortex like midazolam and 
propofol.1 For ophthalmic procedures, dexmedetomidine 
specifically has potential benefits through its lowering of 
intraocular pressure (IOP). Some studies have reported 
a 34% decrease in IOP compared to placebo in patients 
undergoing ophthalmic surgery.2 However potential 
adverse effects of dexmedetomidine include bradycardia 
and hypotension and there have been rare case reports of 
convulsions.3,4

Dexmedetomidine was originally approved by the FDA 
in 1998 for use as a short-term medication for analgesia 
and sedation in mechanically ventilated patients in the 
ICU. In 2008, an additional indication was added for non-
intubated patients requiring sedation before or during 
small diagnostic and therapeutic procedures.5 A previous 
systematic review looking at evidence principally in adults 
found that dexmedetomidine used for this purpose typically 
lead to lower pain levels and more patient satisfaction than 
comparators.6  

To our knowledge, this article is the first to focus exclusively 
on the use of dexmedetomidine for procedural sedation in 
children and to meta-analyse results from relevant trials. 
The objectives of this meta-analysis were to compare 
the efficacy and safety of dexmedetomidine with placebo 
and alternative procedural sedation agents in paediatric 
patients.

© The Authors
Published by Resonance Publishing Ltd

methods

Systematic and comprehensive searches were conducted 
across 5 bibliographical databases. The databases 
searched were Embase, Medline, The Cochrane Central 
Register of Controlled Trials, Web of Science and Scopus. 
Four key concepts were identified that represent our topic: 
“Dexmedetomidine”, “Surgery”, “Sedation” and “Children”. 
We used Medical Subject Headings (MeSH) and free text 
terms to carry out searches on each concept and used 
Boolean operators “OR” and “And” to merge our search 
lines. Detailed search steps are documented in the 
supplementary information, tables 4-7. Altogether 1209 
records were exported from the databases to an EndNote 
file. The EndNote programme was employed to remove 
the duplicate references and 832 single records remained.  
Two independent reviewers screened through 832 title 
and abstract records and selected 62 relevant studies. 
References of all articles included in this review were hand 
searched for any additional relevant articles.

This investigation followed the recommended process 
described in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement.7 Search 
results were sifted based on title and abstract with a high 
sensitivity approach. Papers that were ordered for full text 
assessment were screened by 3 independent authors and 
informal consensus methods were used to resolve any 
disagreement. 

Inclusion criteria were pre-agreed in a protocol registered 
on PROSPERO and can be accessed at https://www.crd.
york.ac.uk/prospero/display_record.php?RecordID=98722 
but brief details are provided below. The population for the 
studies were children, under the age of 18, undergoing 
conscious sedation for non-invasive or minimally 

Dexmedetomidine is a highly selective alpha-2-receptor agonist with sedative, anxiolytic and analgesic properties. 
In recent years its use as a procedural sedation agent in children has increased. The objective of this systematic 
review and meta-analysis was to determine the efficacy and safety of dexmedetomidine compared to alternative 
options for procedural sedation. 18 randomised controlled trials (RCTs), including 1767 children, were identified 
that met the inclusion criteria for this systematic review. Evidence in these RCTs varied in quality from high to very 
low (as per the GRADE approach) and suggested that dexmedetomidine is likely as effective as its comparators 
(RR for adequate sedation 1.09, 95% CI from 0.99 to 1.19) and may have safety benefits (OR for respiratory 
depression 0.29, 95% CI from 0.16 to 0.53). While there are some concerns with the current evidence base, 
including some studies being unblinded and a possible publication bias, overall the results are supportive of a 
role for dexmedetomidine in procedural sedation for children.
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invasive procedures. The intervention under investigation 
was dexmedetomidine as a sole sedative agent, at 
any appropriate dose, via oral, nasal, intramuscular 
or intravenous routes. Comparators were placebo, 
parental presence, or active comparators (e.g. ketamine, 
midazolam, propofol) alone or in combination. Critical 
outcomes were adequate sedation (as defi ned by the study) 
and bradycardia, hypotension or respiratory depression 
requiring intervention. Important outcomes were a need for 
additional sedation, emergence agitation or convulsions. 
Only randomised controlled trials were included in this 
review. Pre-specifi ed subgroup analyses, to be conducted 
in the case of heterogeneity in meta-analyses, included 
subgroups based on dose, route of administration, active 
comparator, age of population and procedure.

Risk of bias assessments were made on an outcome by 
outcome basis using the Cochrane risk of bias framework.8 
Data was extracted and meta-analysed using Review 
Manager (RevMan) [Computer program]. Version 5.3. 
Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration 2014. Risk ratios were used for dichotomous 
outcomes wherever possible. The Peto odds ratio was used 
where the majority of study arms had an event rate <1%, as 
there is evidence this is a more accurate measure at low 
event rates.9 A fi xed effects meta-analysis was used unless 
signifi cant visual and statistical heterogeneity was present 
in the meta-analysis, in which case a random effects meta-
analysis was used. Publication bias was assessed through 
the use of funnel plots generated in Review Manager and 
Egger's test.10

Evidence was compiled in a summary table following the 
GRADE approach.9 The quality of each outcome was 
determined by considering the directness, precision, 
consistency and risk of bias of the evidence that contributed 
to the analysis. 

results

832 potentially relevant articles were identifi ed in the 
literature search. 62 full text publications were assessed for 
inclusion. 18 randomised controlled trials (RCTs), including 
1767 children, were identifi ed that met the inclusion criteria 
for this systematic review. The mean age of the children 
in the included studies ranged from 2-10.5 years. The 
reasons for exclusion of the 44 full text publications that 
were excluded are given in the excluded studies table (see 
fi gure 5 in supplementary information).

The details of the 18 RCTs are summarised below:

fig 1.  PRISMA fl ow diagram

table 1.  Details of included studies

study country n procedure comparator

Al Taher 201013 Egypt 60 Dental Propofol + Midazolam

Cao 201714 China 141 Ophthalmic examination Chloral hydrate

Dave 201115 India 60 MRI Propofol

Derakhshanafar 201516 Iran 100 CT Midazolam

Eldeek 201617 Egypt 110 MRI Ketamine

Ghai 201718 India 59 CT Midazolam

Gumus 201519 Turkey 160 EEG Chloral hydrate

Hasanin 201420 Egypt 80 Gastric endoscopy Propofol

Kamal 201721 India 60 MRI Propofol

Koroglu 200522 Turkey 80 MRI Midazolam

Koroglu 200623 Turkey 60 MRI Propofol

Miller 201624 China 150 TTE Chloral hydrate

Peng 201425 China 62 Cerebral angiography Propofol

Reynolds 201626 USA 85 Audiology Chloral hydrate

Singh 201427 India 112 Dental Ketamine

Surendar201428 India 84 Dental Ketamine

Tammam 201329 Egypt 108 MRI Ketamine

Yuen 201730 China 196 CT Chloral hydrate
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9 studies were in preparation for some form of imaging 
(either CT or MRI). Other procedures under investigation 
included audiology, cerebral angiography, dental 
procedures, EEG, gastric endoscopy, ophthalmic 
examination and transthoracic echocardiography.

No studies were identifi ed that compared dexmedetomidine 
with placebo. Active comparators under investigation 
included chloral hydrate (n = 5), propofol (n = 5), ketamine 
(n = 4), midazolam (n = 3) and a combination of propofol 
and midazolam (n = 1).

The clinical evidence extracted from the included studies is 
summarised below. 44 total outcomes were extracted from 
the 18 RCTs. The majority of outcomes were either at low (n 
= 20) or moderate (n = 20) risk of bias, with the remainder 
(n = 4) at high risk of bias. Bias generally arose from a 
lack of information around allocation and randomisation or 
from a lack of blinding. Full risk of bias assessments are 
available in the supplementary information.

There was little difference between dexmedetomidine 
and active comparators in terms of the likelihood of 
achieving adequate sedation. 80.4% of control participants 
achieved adequate sedation and this was only mildly, 
and not statistically signifi cantly, more likely to occur with 
dexmedetomidine (RR 1.09, 95% CI from 0.99 to 1.19, 
p=0.07). However, it is worth noting there was inconsistency 
in this outcome which was resolved to some degree by 
conducting pre-specifi ed subgroup analyses when the 
evidence was broken down based on the comparator 
(see forest plots below). In the studies that compared 
dexmedetomidine with midazolam, the RR for adequate 
sedation was 1.69 (95% CI 1.41 to 2.01) whereas for 
chloral hydrate, ketamine and propofol the results were 
1.09 (95% CI 1.01 to 1.18), 1.03 (95% CI 0.93 to 1.14) and 
0.98 (95% CI 0.91 to 1.04) respectively. No other subgroup 
analysis reduced heterogeneity. Overall this is consistent 
with dexmedetomidine certainly being no worse than any 
of the comparators included in this review in terms of 

Gilbert et al. Dexmededomidine for procedural sedation in children

outcome participants 
(studies)

quality relative effect 
(95% cis)

absolute effect (95% cis)
control dexmedetomidine

Adequate sedation 1414 
(14 studies)

LOWa,c

Due to risk of bias, 
inconsistency

RR 1.09 
(0.99 to 1.19)

804 per 100 72 more per 1000 
(from 8 fewer to 152 more)

Bradycardia 811 
(8 studies)

LOWb

Due to imprecision
Peto OR 7.39 
(0.15 to 372.38)d

0 per 1000 0 more per 1000 
(from 10 fewer to 20 more)

Respiratory 
depression

1139 
(11 studies)

HIGH Peto OR 0.29 
(0.16 to 0.53)d

75 per 1000 52 fewer per 1000 
(from 34 fewer to 62 more)

Additonal sedation 785 
(9 studies)

VERY LOWa,b,c

Due to risk of 
bias, imprecision, 
inconsistency

RR 0.70
(0.35 to 1.39)

100 per 1000 30 fewer per 1000 
(from 65 fewer to 39 more)

Emergence 
agitation

222
(2 studies)

LOWa,b

Due to risk of bias, 
imprecision

Peto OR 0.13
(0.01 to 1.21)d

29 per 1000 25 fewer per 1000
(from 23 fewer to 6 more)

aDowngraded once as the majority of evidence was assessed as at high risk of bias or twice as the majority of evidence was assessed as at very high risk 
of bias
bDowngraded once for imprecision as the confi dence intervals crossed 0.8 or 1.25, or twice for imprecision as the confi dence intervals crossed both 0.8 and 
1.25
cDowngraded once for inconsistency due to heterogeneity not explained by subgroup analysis or twice for serious inconsistency due to heterogeneity not 
explained by subgroup analysis
dRelative effect analysed with Peto Odds ratio as majority of studies with event rate <1%

table 2.  Clinical evidence summary

fig 2. Adequate sedation meta-analysis (overall)
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achieving adequate sedation and being more effective than 
midazolam alone.

The results for the outcome of additional sedation showed a 
similar picture of broad equivalence, RR 0.70 (95% CI 0.35 
to 1.39) with some heterogeneity. Again, dexmedetomidine 
appeared to be more clinically effective than midazolam 
(RR 0.23, 95% CI 0.12 to 0.43) and equivalent to other 
comparators (e.g. ketamine RR 1.50 (95% CI 0.45 to 5.02).

There appeared to be a considerable benefi t from 
dexmedetomidine vs all comparators in terms of respiratory 
depression requiring intervention. The Peto OR was 0.29 
(95% CI from 0.16 to 0.53, p<0.0001) and while respiratory 
depression was a relatively rare event even in the comparator 
arms (median control group rate 7.5%), this would equate to 
approximately 52 fewer episodes of respiratory depression 
per 1000 children treated with dexmedetomidine instead of 
a comparator. 

fig 3. Adequate sedation meta-analysis (subgrouped by control drug)

fig 4. Respiratory depression meta-analysis
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Dexmedetomidine also appeared to have a benefit in terms 
of emergence agitation, although this was only reported by 
2 trials and the effect was not statistically significant (Peto 
OR of 0.13, 95% CI from 0.01 to 1.21).

Bradycardia requiring intervention was reported 
extremely infrequently with only one case occurring (in a 
dexmedetomidine arm) across all trials. This led to a very 
imprecise estimate of the relative effect with a Peto OR of 
7.39 (95% from 0.15 to 372.38). 

No events of hypotension requiring intervention or 
convulsions were reported in any trial. Forest plots for all 
outcomes are available in the supplementary information.
Only one meta-analysis showed evidence of publication 
bias in its funnel plot (see supplementary information). 
The meta-analysis of adequate sedation visually had 
an asymmetrical funnel plot and an Egger's test was 
marginally statistically significant (p=0.04). As would 
be expected in publication bias, there was an excess of 
smaller studies reporting positive findings. It is plausible 
therefore that the overall benefits of dexmedetomidine in 
terms of adequate sedation are exaggerated. However, no 
such bias appears to exist with regards to the outcome of 
respiratory depression. 
 

discussion

Overall the results of this meta-analysis of 18 RCTs 
including a total of 1767 children show that for procedural 
sedation, dexmedetomidine is likely to be as effective or 
more effective than its comparators and it is significantly 
less likely to cause respiratory depression.

The methodology of the trials included in this review varied 
with regards to their mode of procedure under investigation, 
administration route, comparators and precise outcomes. 
Therefore, it is unsurprising that some heterogeneity was 
encountered in the meta-analyses. As discussed above, 
some of this heterogeneity was explained by the varying 
comparators. However, it is difficult to determine how much 
variation between two trials using different comparators is 
specifically due to the comparators themselves as opposed 
to different outcome assessments (e.g. adequate sedation 
defined by a specific Ramsay sedation score or by no need 
for additional sedation). Future research in this area would 
benefit from a homogenisation of outcome definitions. 
Further research for each individual comparison and 
procedure would allow more detailed conclusions to be 
drawn about the circumstances in which dexmedetomidine 
may be particularly beneficial as a sedative choice.

There are concerns over the potential of dexmedetomidine 
to cause hypotension, bradycardia or convulsions.11,12 In the 
trials in this review that explicitly reported the occurrence of 
these events, their frequency was extremely rare. There 
were no reports of hypotension requiring intervention or 
convulsions in any trial and only one report of bradycardia 
requiring intervention (in a total of 397 children, 0.25%). 
It is possible that dexmedetomidine may have caused 
adverse events in trials that did not explicitly report these 
outcomes. It is also possible that on average it may result 

in reductions in continuous outcomes like mean heart rate 
or blood pressure, however there is little evidence that 
these effects translate into clinically meaningful outcomes 
requiring intervention.

The results of this review are broadly in line with 
previous evidence.12 It is worth noting that there has 
been a considerable increase in publication of trials of 
dexmedetomidine in children in recent years. A previous 
systematic review looking at adults and children with a 
similar protocol and search strategy up until 2014, included 
just 5 RCTs in children compared with the 18 RCTs 
identified in this review.

Based on the results of this meta-analysis, dexmedetomidine 
appears to be at least as effective as its comparators in 
children for procedural sedation and safer in terms of 
respiratory depression. Further research may increase 
the certainty of the estimates of these effects and address 
concerns around publication bias.

When reflecting on the potential place of Dexmedetomidine 
in paediatric ophthalmic clinical practice, this review 
focuses on procedural sedation in children. That being said, 
Dexmedetomidine exhibits all the properties of the ideal 
premedication agent be that anxiolysis, sedation, analgesia 
and haemodynamic stability. In comparison to traditional 
benzodiazepine premedication, Dexmedetomidine may 
offer the additional benefit of reduced gastric secretions 
and has an antisialogogue effect. It is however not known 
whether Dexmedetomidine has an amnesic effect, which 
would be of particular benefit in repeat non-invasive 
procedures such as examination under anaesthesia. 
When used as sedative for non-invasive procedures, 
both oral and parenteral Dexmedetomidine appear to be 
suitable and the EEG during such sedation resembles non 
rapid eye movement sleep. Dexmedetomidine does not 
interfere with detection of EEG activity when used in age 
groups suited to its given proprietary algorithm. The use of 
Dexmedetomidine as sole agent for invasive procedures in 
children is anticipated to be limited because the literature 
shows that a second agent such as propofol, ketamine 
and/ regional anaesthesia has been required in most 
other surgical disciplines. Prophylactic Dexmedetomidine 
reduces the incidence of emergence delirium in children 
following anaesthesia with Sevoflurane. There are also 
case reports of its use to treat cyclical vomiting and 
shivering in children. 

Details of authors contributions
Dr JG sifted the searches, was involved in the consensus over 
final inclusion/exclusion, conducted risk of bias assessments, 
meta-analysis and evidence summarising.
Dr IM was involved in conceiving and designing the literature 
review, collected data, analysed and interpreted the literature and 
critically revised the article.
Mr DB produced the search strategy and literature review.
Dr HR was involved in conceiving and designing the literature 
review, and interpreted the literature.

Declarations of interests: No interests to declare.

Funding: This study received no funding



38

references

1. Nelson LE, Lu J, Guo T, Saper CB, Franks NP, Maze M. The 
alpha2-adrenoceptor agonist dexmedetomidine converges 
on an endogenous sleep-promoting pathway to exert its 
sedative effects. Anesthesiology. 2003;98(2):428-36.

2. Jaakola ML, Ali-Melkkila T, Kanto J, Kallio A, Scheinin H, 
Scheinin M. Dexmedetomidine reduces intraocular pressure, 
intubation responses and anaesthetic requirements in 
patients undergoing ophthalmic surgery. Br J Anaesth. 
1992;68(6):570-5.

3. Tosun Z, Akin A, Guler G, Esmaoglu A, Boyaci A. 
Dexmedetomidine-Ketamine and Propofol-Ketamine 
Combinations for Anesthesia in Spontaneously Breathing 
Pediatric Patients Undergoing Cardiac Catheterization. J 
Cardiothorac Vasc Anesth. 2006;20(4):515-9.

4. Kubota T, Fukasawa T, Kitamura E, Magota M, Kato 
Y, Natsume J, et al. Epileptic seizures induced by 
dexmedetomidine in a neonate. Brain Dev. 2013;35(4):360-2.

5. Grewal A. Dexmedetomidine: New avenues. J Anaesthesiol 
Clin Pharmacol. 2011;27(3):297-302.

6. Ter Bruggen FFJA, Eralp I, Jansen CK, Stronks DL, Huygen 
FJPM. Efficacy of Dexmedetomidine as a Sole Sedative 
Agent in Small Diagnostic and Therapeutic Procedures: A 
Systematic Review. Pain Practice. 2017;17(6):829-40.

7. Schulz KF, Altman DG, Moher D. CONSORT 2010 
statement: updated guidelines for reporting parallel group 
randomised trials. Br Med J. 2010;340:c332.

8. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, 
Oxman AD, et al. The Cochrane Collaboration’s tool for 
assessing risk of bias in randomised trials. 2011.

9. Bradburn MJ, Deeks JJ, Berlin JA, Russell Localio A. 
Much ado about nothing: a comparison of the performance 
of meta-analytical methods with rare events. Stat Med. 
2007;26(1):53-77.

10. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. Br Med J. 
1997;315:629-34

11. Mason KP, Lerman J. Dexmedetomidine in Children: Current 
Knowledge and Future Applications. Anesth Analgesia. 
2011;113(5):1129-42.

12. Ter Bruggen F, Eralp I, Jansen CK, Stronks DL, Huygen F. 
Efficacy of Dexmedetomidine as a Sole Sedative Agent in 
Small Diagnostic and Therapeutic Procedures: A Systematic 
Review. Pain Practice. 2017;17(6):829-40.

13. Al Taher WMA, Mansour EE, El Shafei MN. Comparative 
study between novel sedative drug (dexmedetomidine) 
versus midazolam-propofol for conscious sedation in 
pediatric patients undergoing oro-dental procedures. Egypt J 
Anaesth. 2010;26(4):299-304.

14. Cao QZ, Lin YQ, Xie ZB, Shen WH, Chen Y, Gan XL, et al. 
Comparison of sedation by intranasal dexmedetomidine and 
oral chloral hydrate for pediatric ophthalmic examination. 
Pediatr Anesth. 2017;27(6):629-36.

15. Dave J, Vaghela S. A comparison of the sedative, 
hemodynamic, and respiratory effects of dexmedetomidine 
and propofol in children undergoing magnetic resonance 
imaging. Saudi J Anaesth. 2011;5(3):295-9.

16. Derakhshanfar H, Bozorgi F, Hosseini A, Noori S, 
Mostafavi A, Sharami A, et al. Comparing the effects of 
dexmedetomidine and midazolam on sedation in children 
with head trauma to perform CT in emergency department. 
Acta Facultatis Medicae Naissensis. 2015;32(1):59-65.

17. Eldeek AM, Elfawal SM, Allam MG. Sedation in children 
undergoing magnetic resonance imaging comparative study 
between dexmedetomidine and ketamine. Egypt J Anaesth. 
2016;32(3):263-8.

18. Ghai B, Jain K, Saxena AK, Bhatia N, Sodhi KS. Comparison 
of oral midazolam with intranasal dexmedetomidine 
premedication for children undergoing CT imaging: a 
randomized, double-blind, and controlled study. Paediatr 
Anaesth. 2017;27(1):37-44.

19. Gumus H, Bayram AK, Poyrazoglu HG, Canpolat DG, Per 
H, Canpolat M, et al. Comparison of Effects of Different 
Dexmedetomidine and Chloral Hydrate Doses Used in 
Sedation on Electroencephalography in Pediatric Patients. J 
Child Neurol. 2015;30(8):983-8.

20. Hasanin AS, Sira AM. Dexmedetomidine versus propofol 
for sedation during gastrointestinal endoscopy in pediatric 
patients. Egyptian Journal of Anaesthesia. 2014;30(1):21-6.

21. Kamal K, Asthana U, Bansal T, Dureja J, Ahlawat G, Kapoor 
S. Evaluation of efficacy of dexmedetomidine versus propofol 
for sedation in children undergoing magnetic resonance 
imaging. Saudi J Anaesth. 2017;11(2):163-8.

22. Koroglu A, Demirbilek S, Teksan H, Sagir O, But AK, Ersoy 
MO. Sedative, haemodynamic and respiratory effects 
of dexmedetomidine in children undergoing magnetic 
resonance imaging examination: Preliminary results. Br J 
Anaesth. 2005;94(6):821-4.

23. Koroglu A, Teksan H, Sagir O, Yucel A, Toprak HI, Ersoy OM. 
A comparison of the sedative, hemodynamic, and respiratory 
effects of dexmedetomidine and propofol in children 
undergoing magnetic resonance imaging. Anesth Analg. 
2006;103(1):63-7.

24. Miller J, Xue B, Hossain M, Zhang MZ, Loepke A, Kurth 
D. Comparison of dexmedetomidine and chloral hydrate 
sedation for transthoracic echocardiography in infants and 
toddlers: A randomized clinical trial. Paediatr Anaesth. 
2016;26(3):266-72.

25. Peng K, Li J, Ji FH, Li Z. Dexmedetomidine compared with 
propofol for pediatric sedation during cerebral angiography. J 
Res Med Sc. 2014;19(6):549-55.

26. Reynolds J, Rogers A, Medellin E, Guzman JA, Watcha MF. 
A prospective, randomized, double-blind trial of intranasal 
dexmedetomidine and oral chloral hydrate for sedated 
auditory brainstem response (ABR) testing. Paediatr 
Anaesth. 2016;26(3):286-93.

27. Singh C, Pandey RK, Saksena AK, Chandra G. A 
comparative evaluation of analgo-sedative effects of oral 
dexmedetomidine and ketamine: A triple-blind, randomized 
study. Paediatr Anaesth. 2014;24(12):1252-9.

28. Surendar MN, Pandey RK, Saksena AK, Kumar R, Chandra 
G. A Comparative evaluation of Intrnasal Dexmedetomidine, 
Midazolam and Ketamine for their sedative and analgesic 
properties: A Triple Blind Randomized Study. J Clin Pediatr 
Dentist. 2014;38(3):255-61.

29. Tammam TF. Comparison of the efficacy of 
dexmedetomidine, ketamine, and a mixture of both for 
pediatric MRI sedation. Egypt J Anaesth. 2013;29(3):241-6.

30. Yuen VM, Li BL, Cheuk DK, Leung MKM, Hui TWC, Wong 
IC, et al. A randomised controlled trial of oral chloral hydrate 
vs. intranasal dexmedetomidine before computerised 
tomography in children. Anaesthesia. 2017;72(10):1191-5.

Ophthalmic Anaesthesia 2018; 8(2): 33-38



39

Bubble trouble and nitrous doubles: the blinding use of 
nitrous oxide in those with intraocular gas

T Wong, K-L Kong
Sandwell and West Birmingham Hospitals NHS Trust, Birmingham, UK.

Correspondence to: tkfwong@doctors.org.uk

Ophthalmic Anaesthesia 2018; 8(2): 39-42 Original article

introduction

Regaining vision after ophthalmic surgery is a life changing 
event. Consequently, to lose it again due to preventable 
errors is devastating. Intraocular gas has been used in 
vitreoretinal (VR) surgery for over 40 years,1 and the 
deleterious effects of nitrous oxide in patients with intraocular 
gas have been well documented.2-7 Unfortunately, patients 
with an intraocular gas bubble continue to be at risk of 
losing their vision as a result of exposure to nitrous oxide 
anaesthesia. The Royal College of Ophthalmologists, 
British Ophthalmic Anaesthesia Society (BOAS) and the 
NHS improvement patient safety team are producing a 
patient safety alert regarding gas in the operating eye. 
This article aims is to draw attention to this problem, to 
remind health care professionals and hospital units of 
their responsibility in ensuring patient safety, and to make 
recommendations as to how this risk could be reduced. 

literature revieW

There have been several published cases from 2002 
describing severe visual loss in patients with an intraocular 
gas bubble subjected to nitrous oxide anaesthesia 
(Table 1). Those cases with near misses are likely to be 

under-reported. The time interval between introduction 
of intraocular gas and subsequent exposure to nitrous 
oxide ranged from one to 42 days. Although the exposure 
to nitrous oxide for many of these patients was related to 
the requirement for urgent or emergency operations, there 
were also some cases of elective procedures.

There are some recurring learning points relating to this 
case series.

Knowledge/awareness
In some of these cases the anaesthetist has documented 
that the patient has had recent ophthalmic surgery, 
however the details of the procedure was not documented 
especially with regards to the use of intraocular gas.  
This may be either due to the lack of awareness of the 
anaesthetist or patient with regards to the consequences 
of nitrous oxide anaesthesia in the presence of intraocular 
gas.  Ophthalmic surgeons have warned patients against 
air travel but not nitrous oxide use. 

Bracelet
None of the patients in the above series had a bracelet 
indicating that the patient had intraocular gas warning 
against the use of nitrous oxide.

© The Authors
Published by Resonance Publishing Ltd

year gas time to n2o use (days) subsequent operation reference
2002 C3F8 42 Femoral-to-distal bypass graft 8

2002 SF6 25 Transplantation of kidney and pancreas 8

2002 C3F8 22 Elective total hip replacement 9

2002 C3F8 9 Semi-elective transurethral resection of prostate 9

2002 C3F8 30 Emergency neck of femur open reduction internal fixation 9

2002 C3F8 1 Transurethral resection of prostate 10

2002 C3F8 30 Elective prostate surgery 11

2002 C3F8 2 Vitrectomy 11

2002 C3F8 25 Repair of arteriovenous fistula 11

2002 C3F8 6 Vitrectomy 11

2002 C3F8 10 Lumbar spine surgery 11

2003 SF6 5 Elective prostatectomy 12

2003 C3F8 14 Vitrectomy 13

2004 C3F8 37 Elective revision of femoral-popliteal bypass 14

2008 C3F8 Unknown Semi-elective transurethral resection of prostate 15

table 1. Summary of literature review cases
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communication
Several of these patients have had their ophthalmology 
procedure at a different hospital. Therefore the details of 
their recent eye operation were not immediately available 
to the surgeon and anaesthetist for their subsequent 
operation.

preassessment
One case report noted that the planned elective case had 
their pre-assessment a considerable time prior to actual 
surgery date with their ophthalmology operation occurring 
in between.  It is a reminder that patients should be reviewed 
by the clinical team to confirm any recent changes as there 
are possible delays between pre-assessment clinic and 
actual surgical date.

intraocular gas use in ophthalmic surgery

In some VR procedures such as unrolling giant retinal tears 
and macular hole surgery, intraocular gases are used to 
tamponade the retina against the choroid allowing a period 
of time for adhesions to develop.16-17

The common intraocular gases in use are filtered air, 
sulfur hexafluoride (SF6), hexafluoroethane (C2F6) 
and perfluoropropane (C3F8). The duration of injected 
intraocular gas before it is fully absorbed is dependent on 
the concentration, volume and type of gas used.  Estimated 
durations are air: 5-7 days, SF6: 1-2 weeks, C2F6: 4-6 weeks 
and C3F8: 8-10 weeks.  Despite these estimations, duration 
in excess of 70 days has been reported.18 

Once intraocular gas is administered, the gas undergoes 
the 3 phases of expansion, equilibrium and dissolution.  
The expansion phase is attributed to absorption of oxygen, 
carbon dioxide and nitrogen from the surrounding tissue 
fluid.  During the equilibrium phase, the diffusion of nitrogen 
into the bubble is balanced by the diffusion of gas into the 
surrounding fluid. During dissolution, the gas is absorbed 
into the blood stream and fluid will replace the bubble.16

  
In some types of corneal graft operations, a gas bubble is 
also introduced into the eye to float the graft tissue and to 
hold it against the cornea within the eye.  Air is usually used 
for this and is rapidly absorbed. Very rarely, SF6 maybe 
used and may last longer within the eye.  Although there is 
a theoretical risk with the use of nitrous oxide anaesthesia 
following corneal surgery where a gas bubble is present in 
the anterior chamber. There have been no reports of nitrous 
oxide associated damage to the eye in these patients. 

effects of nitrous oXide (n2o) 

Nitrous oxide was isolated in 1772 and recognised for 
its analgesic use in 1799 and as an anaesthetic agent in 
the 1860s. Although its use as a general anaesthetic is 
decreasing in popularity, it has an increasing recreational 
use in the UK.19 Its properties include a low blood solubility 
(blood: gas partition coefficient 0.47) which allows rapid 
equilibrium, ensuring a quick onset of anaesthesia. In 
comparison to nitrogen, it is 34 times more soluble and 
transfers rapidly into gas-filled cavities. If there is a gas 
bubble in the eye and the patient is under nitrous oxide 

anaesthesia, nitrous oxide will enter the gas bubble, causing 
it to expand.  This can lead to a rise in intraocular pressure 
in the closed eye.  If this rises above the perfusion pressure 
of the central retinal artery (approximately 70 mmHg), then 
occlusion may occur resulting in permanent blindness. In 
primate models, irreversible damage has occurred after 
100 minutes of retinal artery occlusion.14

Owing to its potent analgesic properties, nitrous oxide 
is also used to provide inhalational analgesia in a 50:50 
mixture of nitrous oxide/oxygen (Entonox®). Entonox 
is used by different health care professionals as an 
inhalational analgesic in multiple locations including 
maternity units, ambulance services and the emergency 
department.19-22 Despite the British National Formulary 
noting its contra-indication to intraocular gas without 
specifying a defined duration, the ambulance pocket 
handbook states that nitrous oxide is contraindicated when 
intraocular injection of gas has occurred within the past four 
weeks.21 This inaccurate and incomplete knowledge used 
by many ambulance crews can cause potential harm and 
mislead the emergency department staff of continuing its 
use whilst awaiting more definitive analgesia. The duration 
of intraocular gas varies depending on the type of gas 
used and how quickly it is absorbed, nitrous oxide/Entonox 
should be avoided unless it can be ascertained that the gas 
has been completely absorbed.

effects of changes in atmospheric pressure

The intraocular gas bubble can expand or contract 
depending on the atmospheric pressure. This can lead to 
problems with changes in atmospheric pressure16 At high 
altitude and during air travel, the reduction in atmospheric 
pressure will cause an expansion of the intraocular gas 
bubble and a consequent increase in intraocular pressure. 

Conversely, diving causes an increase in ambient pressure 
(hyperbaric), leading to potential globe collapse. With rapid 
ascent to the surface, intraocular gas will expand. These 
pressure changes may result in intraocular haemorrhage 
with deleterious consequences for the eye.

discussion and recommendations

Inadvertent visual lost following successful ophthalmic 
surgery is a preventable tragedy. Responsibility for its 
prevention lies with the hospital multidisciplinary team and 
the patient.

anaesthetist
Education is the key in raising awareness amongst 
anaesthetists of the dangers of nitrous oxide and intraocular 
gas. Nitrous oxide is an important subject in the Fellowship 
of the Royal College of Anaesthetists (FRCA) syllabus 
and a frequent examination topic in the primary FRCA 
examinations. It has also featured in educational journals, 
online e-learning and textbooks where the dangers of nitrous 
oxide and intraocular gas are discussed. Despite this, 
ocular morbidity due to the use of nitrous oxide in patients 
with intraocular gas continues to occur. In the published 
case reports of visual loss, the anaesthetists had often 
documented that the patient has had recent ophthalmic 
surgery but then failed to ascertain if the patient still has 
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an intraocular gas bubble. Unfortunately, the Royal College 
of Anaesthetists had to categorise ophthalmic anaesthesia 
as an ‘optional module’ in the 2010 curriculum. This is 
because not all schools of anaesthesia have the facility to 
offer ophthalmic anaesthesia as a training module. This 
makes it all the more compelling that wherever ophthalmic 
anaesthesia training is available, trainees should be given 
the opportunity to train in this subspecialty. This should be 
more strongly emphasised by the College and Training 
Programme Directors. Ophthalmic anaesthesia may not 
interest every anaesthetist but they may encounter these 
at risk ophthalmic patients for elective or emergency 
non-ocular surgery, and anaesthetists with minimal or no 
training in ophthalmic anaesthesia may not immediately 
recognise the implications of recent ophthalmic surgery 
and patients with intraocular gas. 

surgeon
Ophthalmic surgeons have a responsibility to ensure 
that patients are aware of the implications of intraocular 
gas and the potential dangers until the gas bubble is fully 
absorbed. Surgeons have to ensure that all patients with 
intraocular gas receive written postoperative instructions 
and are issued with a notifi cation wrist band warning of 
the dangers of intraocular gas. These patients should be 
followed up until the gas bubble has been fully absorbed 
when the notifi cation wrist band can be removed. The 
education of trainee vitreoretinal surgeons in the dangers 
of intraocular gas is vital.

allied health care professionals
Entonox is in widespread use and allied health care 
professionals ranging from paramedics, midwives, dentists 
and emergency department staff may not be aware that 
nitrous oxide is present in Entonox. In addition, they 
may lack knowledge of the dangers of nitrous oxide in 
patients with intraocular gas. All departments where staff 
may use Entonox have to ensure that staff are trained 
in its use and educated with regards to the indications 
and contraindications. There should be clear guidelines 
regarding the safe use of entonox with accurate information 
as to the safe interval before it can be administered after 
intraocular gas injection.

patients
Patients have a responsibility to understand and 
communicate the implications of intraocular gas and 
nitrous oxide anaesthesia/Entonox analgesia. They have 
to ensure that health care professionals looking after them 
are informed that they have an intraocular gas bubble and 
that the use of nitrous oxide and Entonox is contraindicated. 
They should be forthcoming with their medical and surgical 
history, and draw attention to their notifi cation wrist band 
especially if there is a language barrier. 

organisational
Organisations need to ensure that clear written instructions 
(i.e. patient information leafl ets) are provided to all patients 
with intraocular gas to warn against the dangers of nitrous 
oxide anaesthesia, the use of Entonox and variations in 
atmospheric pressure (this includes air travel, ascent to 
high altitudes, diving and hyperbaric chamber treatment). 
This warning should specifi cally mention Entonox in 
addition to nitrous oxide as patients may not be aware that 
it contains nitrous oxide.

In addition, organisations need to ensure that all patients 
who receive intraocular gas injections are provided 
with a notifi cation wrist band containing all the relevant 
information.  Consideration should be given to introducing 
a standardised national notifi cation wrist band and patient 
information package in reducing the risk of harm to patients. 

conclusion

In summary, severe visual loss in patients with intraocular 
gas subjected to nitrous oxide anaesthesia or Entonox 
analgesia is an avoidable complication. An effective 
warning system (clear patient information leafl ets and a 
standardised notifi cation wrist band), effective training 
and education of anaesthetists, ophthalmic surgeons, 
other health care professionals, and good communication 
between health care providers and patients are essential 
measures to minimise the risk of this complication. 
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Case report

introduction

Posterior Reversible Encephalopathy Syndrome (PRES) is 
a clinico-neuro-radiological entity which has been recently 
proposed. Almost two decades have elapsed since PRES 
was described in a case series in 1996 by Hinchey et 
al.1 PRES is characterised by a variable combination of 
headache, confusion, seizures, blurred vision as well as 
MRI images suggesting white-grey matter oedema affecting 
predominantly the posterior cerebral hemispheres. PRES 
has a distinctive pattern of neuro-imaging studies of 
symmetric distribution of lesions. This bilateral symmetrical 
vasogenic oedema is attributable to a variety of different 
aetiologies. Several clinical conditions have been reported 
to cause PRES such as severe hypertension, eclampsia, 
infection, autoimmune diseases, exposure to toxic agents, 
chronic renal failure, allogenic bone marrow transplantation 
and other conditions.2,3 If promptly recognised and treated 
the clinical syndrome resolves within a week4,5 and the 
changes seen in magnetic resonance imaging (MRI) 
resolve over days to weeks.4-6 

Recently, we encountered a patient with PRES that was 
induced after blood transfusion for severe anaemia, which 
manifested intra-operatively. PRES after blood transfusion 
is rare with only 10 cases described in literature.11 

case report

A 42-year old female patient, non diabetic and non 
hypertensive, weighing 53 kgs, presented for vitreo-
retinal surgery for her left eye under local anaesthesia. 
Her past medical and family history were unremarkable. 
She had no past history of seizures. She gave a history 
of mild exertional dyspnoea. Physical examination 
revealed grade 1/6 ejection systolic murmur in the 
mitral area. A venous hum was audible. ECG was within 
normal limits. Echocardiogram showed trivial mitral and 
tricuspid regurgitation. Preoperative assessment revealed 
anaemia of 3gm/dl. Peripheral smear showed microcytic 
hypochromic RBC series. Bone marrow cytology 
showed features of severe iron deficiency anaemia with 
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megaloblastic features. Haematologist evaluation showed 
nutritional diamorphic anaemia and she was treated with 
transfusion of 6 units of packed RBC transfusion over 3 
days. Her haemoglobin level increased to 11.8 gm/dl. 

She was taken up for surgery 5 days later. After connecting 
the monitors (ECG, NIBP and SaO2) peribulbar anaesthesia 
was administered with 0.5% bupivacaine with hyalase 
(8ml). One hour into surgery, she developed generalised 
tonic clonic seizures for approximately one minute with 
frothing from the mouth. Surgery was discontinued and she 
was treated with  midazolam 0.5mg IV, thiopentone sodium 
50mg IV and ventilation assisted with 100% oxygen (Bain’s 
circuit) after removing the surgical drapes. The patient 
recovered in 15-20 min,was clear headed, coherent and 
haemodynamically stable. Hence it was decided to proceed 
with the surgery. The remaining part of the intra-operative 
period was uneventful. Surgery lasted for about 2 hours.

At the end of surgery patient developed one more episode 
of seizures and was treated again with midazolam 0.5mg 
IV, thiopentone sodium 50mg IV and 100% oxygen with 
assissted ventilation. She recovered and was monitored 
in PACU for 3 hours before moving to the ward. Her vital 
signs remained stable. She developed one more episode 
of seizures later in the evening. This was managed 
with phenytoin 50mg IV. She was transferred to a multi-
speciality hospital where she developed one more episode 
of seizures. Serum calcium and serum electrolytes were 
within normal limits.

Neurological, neuroimaging and laboratory work up 
were done and a diagnosis of Posterior Reversible 
Encephalopathy Syndrome was made. Her MRI brain 
(Fig. 1) showed discrete bi-frontal cortical and sub-cortical 
fronto-parietal hyper intensities suggestive of PRES. The 
patient’s, magnetic resonance spectroscopy was normal. 
EEG showed abnormal epileptiform activity. She was 
discharged with anti-epileptics and iron supplements after 
5 days of hospital stay. Subsequent follow up revealed 
complete resolution of abnormal high signals.

Perioperative seizures pose a difficult and challenging situation for the anaesthesiologist. Management of 
seizures in epileptic and non-epileptic patients in the perioperative period calls for efficient teamwork. We present 
a case report of an unusual cause of intraoperative seizures occurring during vitreo-retinal surgery.
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discussion

Seizures are rare peri-operative events and may herald 
serious underlying conditions or metabolic abnormalities. 
Epileptic seizures during procedures can be dangerous.

Posterior Reversible Encephalopathy Syndrome is often 
but not always associated with acute hypertension.4,7 
Clinical manifestations are non-specifi c and may occur as 
rapid onset or may develop over several days. Patients 
may present with impaired consciousness, seizures, 
headache, visual disturbances, nausea and vomiting or 
focal neurological signs. Ophthalmologists may have the 
initial opportunity to diagnose the syndrome. 

PRES was fi rst recognised in hypertensive encephalopathy. 
Patients have an acute to sub acute neurological 
presentation usually complicating a medical illness. 
Associated conditions include drug toxicity, severe 
hypertension, infection, sepsis, multi-organ dysfunction 
syndrome (MODS), auto immune diseases, chronic kidney 
disease, solid organ transplantation, eclampsia and post 
transfusion.

Various clinical settings can precipitate this syndrome.  
The exact mechanism is not well understood. It is unclear 
and controversial but it is thought to be related to altered 
integrity of blood brain barrier. Two theories have been 
proposed. The fi rst theory postulates hyperperfusion, which 

causes failure of cerebral auto-regulation causing injury to 
capillary network and thus producing vasogenic oedema4,8 
The second theory proposes endothelial dysfuction causing 
vasoconstriction, hypoperfusion, ischaemia and therefore 
vasogenic oedema.8

The term PRES can be a misnomer as the syndrome 
can involve or extend beyond the posterior cerebrum. 
PRES can be found in a non-posterior distribution, mainly 
in watershed areas including within the frontal, inferior 
temporal, cerebellar and brain-stem regions.9 Both cortical 
and subcortical locations are affected.

The exact mechanism by which posterior brain region 
exhibits increased susceptibility to hemodynamic changes 
is not known. Paucity of sympathetic innervation of 
vertebra-basilar system compared to carotid system has 
been postulated to explain the anatomical distribution of 
brain changes.

Several complications are associated with transfusion 
of blood products many of which can be grouped as 
immunological or infective. However neurological 
complications resulting from blood transfusion have been 
rarely reported.

Pathophysiology of PRES following blood transfusion 
involves disruption in cerebral auto-regulation and vasculo-
endothelial dysfuction following rapid increase in total 

fig 1. (a) T2-weighted axial image shows diffuse hyperintense signal, in deep 
white matter and subcortical white matter in bilateral frontal and occipital regions. 
(b) Coronal FLAIR image shows diffuse hyperintense signal in deep white matter 
and subcortical white matter along the frontal and occipital regions. (c) Diffusion 
weighted image shows no evidence of diffusion restriction. (d) Follow-up Coronal 
FLAIR image shows complete resolution of previously noted abnormal signals.
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blood volume. Although the pathophysiology of PRES 
is still controversial, there is some evidence to support 
that impaired cerebral autoregulation associated with 
disordered cerebral vasculature and a disrupted blood brain 
barrier are important factors in the development of PRES.8 
Also, it is suggested that large volumes of preserved 
RBC transfusion could damage the vasculoendothelial 
system, increase endothelial vascular permeability and 
cause vasoconstriction as a sign of disrupted cerebral 
autoregulation.11

There have been no reports of PRES as a result of 
transfusion under conditions of acute blood loss. Since the 
clinical picture is often non-specific, clinicians come to rely 
increasingly on MRI images for the diagnosis of PRES. CT 
is not 100% sensitive. In many situations CT is normal in 
PRES and should not provide reassurance.4 PRES may be 
noted in non-posterior distribution too.

A multi-disciplinary approach to treatment is essential. 
As indicated by the name, PRES, full clinico-radiological 
recovery is possible if the syndrome is recognised and 
treated. This is evident on repeated neuro-imaging. 
Radiologic resolution can take weeks despite the more 
rapid clinical recovery.4-6

It is clinically important to recognise that rapid correction 
of anaemia by blood transfusion may carry risk of inducing 
PRES. Gradual step-wise correction of anaemia for 
patients who are asymptomatic and stable is better than 
rapid correction.

What is unique about this case was the five day latency 
period and the clinical presentation of this syndrome intra-
operatively. As there were no other conditions predisposing 
our patient to PRES a conclusion of PRES following blood 
transfusion was made.

We surmised that the probable cause of PRES in our patient 
could have been the blood transfusion, which preceded 
elective surgery. Our patient had normal blood pressure 
throughout the illness. The rapid change in blood volume 
could have caused disruption of cerebral auto-regulation 
and vasculo-endothelial dysfunction, both of which could 
have contributed to the neurological presentation.
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We have all been through surgical situations where the 
patient ‘moved’ under anaesthesia, either coughing or 
straining against an airway device or moving first limbs and 
then, if not immediately anaesthetised more deeply, follows 
up with massive trunk movements. These movements 
are particularly feared in the ophthalmic anaesthesia 
community where sudden head-movements during retinal 
surgery put vision at peril. In the same vein, straining and 
coughing during ‘open-sky-operations’ (eg. penetrating 
keratoplasty) put the content of the eye in grave danger 
of expulsion. Given these risks, the prevailing attitude of 
‘zero-tolerance’ for patient movements during ophthalmic 
surgery is perfectly reasonable.

Yet, with our patients getting older and frailer, ‘over-sedation’ 
is not a mere academic thought-experiment but a sad reality, 
for which patients pay dearly in the currency of delayed 
emergence, emergence delirium and post-operative 
cognitive dysfunction. Especially with general anaesthesia, 
which may be administered to patients deemed incapable 
of undergoing eye surgery under local anaesthesia for 
reasons of dementia or  neurologic disorders, the fear of 
movement leads anaesthesia personnel to administer very 
“deep” narcosis. 

Our way around this conundrum is to use a combination 
of propofol /dexmedetomidine-anaesthesia and laryngeal 
mask combined with a sub-Tenon's block and EEG-
monitoring. We have seen significant improvement with 
this technique over the last two years: there is no more 
emergence delirium, next to no post-operative delirium, 
patients actively point out that they feel less “hang-over” 
and better turn-around times. But over the last months 
we’ve observed ‘periodic limb movements’ (PLM) in 
octogenarian patients during GA that seem to correlate 
very little with depth of anaesthesia gauged in their frontal 
lobe EEG. PLM have a distinct movement-pattern, they are 
rhythmic foot cloni mimicking the ‘Babinski reflex’ every 
1-2 minutes, with individual jerks between 3-10 seconds 
long. These cloni are accompanied by activity of pretibial 
musculature, genuflexion and sometimes movements in 
the hip. My attention was drawn to this musculature activity 
whilst rotating  through the operating theatres where 
the anaesthetic nurses reported having observed foot-
jerks and consequently having deepened the narcosis. 
I was struck by the long phases of burst suppression in 
the frontal lobe EEG that testified to oversedation rather 
than ‘light anaesthesia’. What was more, the complaints 
of the glaucoma surgeon notwithstanding, the jerks did not 
subside with increased depth of anaesthesia. 

We made videos and actimeter observations of foot 
movements during anaesthesia. Actimeters are small 
piezoelectric accelerometer units that translate movement 

into an electronic trace as routinely used in sleep 
laboratories where actimetry is one of the core methods 
of sleep studies. We discussed the observations with the 
head neurologist at the department of sleep neurology 
and he confirmed our hunch. The rhythmic jerks we see 
every now and then in older patients undergoing general 
anaesthesia really are ‘periodic limb movements’ which 
in many cases are the natural sleep flip-side of awake 
‘restless leg-syndrome’.  

Trying to find literature on PLMD (periodic limb movement 
disorder) in anaesthesia or critical care did not prove overly 
fruitful, so currently we consider the possibility that the 
surfacing of these ‘pedal jerks’ has to do with our practice 
of opioid-sparing general anaesthesia, where only 25 
micrograms of alfentanyl are given at LMA introduction 
and dexmedetomidine is combined with propofol to help 
save on the cumulative dose of the latter drug. Analgesia 
is provided by means of a sub-Tenon's block.  For all we 
know, dexmedetomidine solicits a state of sedation very 
akin to natural NREM sleep, in which around 30% of all 
octogenarians experience periodic limb movement disorder. 
Our results on emergence delirium and post-operative 
delirium are quite good but here is a new phenomenon 
we are currently at a loss to understand entirely. To better 
understand our experience, it would be very helpful if 
other ophthalmic anaesthesiologists providing GA on 
elderly patients would uncover their patients’ feet and give 
them more attention. We would be very interested in your 
observations!

To return to the introduction, maybe we also need another 
conceptual grid for our evaluation of patient’s movements 
under anaesthesia. Undisputedly, they are to be avoided 
during the core-phases of ophthalmic surgery where they 
obviously can cause vision loss. But are little movements 
really harmful during suturing of the conjunctiva at the 
end of surgery, when patient’s respiration should become 
more and more spontaneous? Would it not be wise to 
even welcome them in the initial phase of surgery, where 
they entail no harm, as a warning to deepen anaesthesia? 
Should small movements of the feet by treated by 
curarisation, which would more often than not mean 
switching from LMA to endotracheal tube in the first place? 
Surgeons and anaesthesiologists have to interpret these 
signs together and discuss their common acceptance in 
the more relaxed phases of surgery together. Not every 
unforeseen movement is a failure of anaesthesia: even 
EEG, while adding a valuable variable in an altogether 
highly non-linear equation, is far from bulletproof.

Maybe you share my gut feeling that in adapting our practice 
of anaesthesia for an increasingly older population, more 
surprises might be waiting around the next corner.
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a porcine training model for lateral canthotomy

P Jerney, K Steck, M Miller, K Haenssgen, F Lersch
Inselspital, Universitatsspital, Bern, Switzerland

method
After detailed anatomical preparation demonstrated 
comparability of pig’s with human’s lid-apparatus, porcine 
split-head’s orbitas were injected with heptastarch in 
a retrobulbar fashion. This simulation of retrobulbar 
hemorrhage increased intraocular pressure and caused lid-
edema and chemosis. Lateral canthotomy was performed 
and the resulting loss of intraocular pressure documented. 
Intraocular pressures were measured using an iCare pro 
applanation tonometer. A control group of split-heads 
underwent the same retrobulbar heptastarch injections 
and intraocular pressure measurements without lateral 
canthotomy.

results
The initial screening measurements stated a mean 
intraocular pressure of 15.5 mmHg. Retrobulbar injection 
of 25 ml heptastarch caused pressures to rise to means 
of 58 mmHg (43-70 mmHg). Immediately after lateral 
canthotomy we recognized a signifi cant drop in intraocular 
pressure in each eye (p<0.0001) to values around 20 
mmHg. A decrease in pressure continued during the next 
minutes and we found a trend to even lower values. In 
comparison, the control group without intervention showed 
a delayed reduction of pressures never reaching initial 
values.

discussion 
Our model demonstrates tight correlation between 
retrobulbar injection, lateral canthotomy and pressure 
curves accompanying these processes, confi rming our 

hypothesis. This is, to our knowledge, the fi rst description 
of a teaching model for lateral canthotomy. This procedure 
is sight-saving in orbital compartment syndrome resulting 
from intraorbital hemorrhage in the context of ophthalmic 
regional anaesthesia. We feel that every clinician 
performing ophthalmic regional anaesthesia should know 
how to perform lateral canthotomy.
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quality improvement: introduction of an 
anaesthesia referral pathway for cataract 
surgeries

N Pinnamaneni, A Padmakumar
Chesterfi eld Royal Hospital NHS Foundation Trust, Calow, 
Chesterfi eld, UK 

methods
A new anaesthesia referral pathway (ARP) for cataract 
surgeries was designed and implemented in May 2016 
to determine choice of anaesthetic and patient fi tness for 
anaesthesia. ARPs were completed by ophthalmology team 
in clinics and sent to the anaesthetic department. Following 
review of notes and telephone consultations, decisions 
were made about suitability for general anaesthesia (GA), 
sedation or regional block. Patient listing to appropriate 
theatres was then facilitated accordingly. A retrospective 
review of ARPs and on-day cancellations (ODC) was 
conducted over a 1-year period (Mar 2017 - Feb 2018), 
reviewing outcomes including reduction in ODCs and 
referral patterns for GA or sedation.

results 
A total of 90 ARPs were reviewed (average patient age 
of 70 years, M:F ratio was 1:1.3). Key results showed 
that referral rates for GA and sedation were 61.4% and 
38.6% respectively. Main referral reasons were anxiety/
claustrophobia (30%), limited mobility (17%), inability to 
remain still (17%) and dementia (6%). Surgical requests 
for GA or sedation were approved in 81% and alternative 
approaches suggested in 19% of referrals. Following 
introduction of ARP, there was a 50% reduction in ODCs 
from 10/year in 2015-16 to 5/year in 2016-17.
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discussion 
Patients requiring anaesthesia for cataract surgery 
can often be elderly with complex and multiple co-
morbidities. Decisions about type of anaesthesia should 
be individualised to each patient and type of procedure.1 

Following performance review of cataract surgeries in 2016 
at Chesterfield, we identified increased ODC rates due to 
the following problems:
1. Patients unfit for sedation/GA or unsuitable to be done 

in day centre without appropriate level of monitoring or 
anaesthetic support.

2. Lack of early anaesthesia referral system to enable 
timely decision-making about appropriate anaesthetic 
technique. 

3. Lack of prior identification of challenging or high risk 
patients.

This resulted in prolonged GA waiting lists and reduced 
patient satisfaction. With the introduction of ARP, we have 
brought about significant quality improvement in the overall 
pathway with a 50% reduction in ODCs. Our pathway has 
streamlined the process of referral and listing, thereby 
improving theatre efficiency and productivity. It has also 
improved risk-stratification and patient experience. 
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possibility of regional anesthesia for 
prophylaxis of cognitive disorders in school-age 
children in ophthalmosurgery

SV Bersenev, PM Rylov, VA Komlev
IRTC Eye Microsurgery Ekaterinburg Center, Ekaterinburg, Russia

purpose 
In ophthalmology there is a category of children who 
require multiple operations. General anaesthesia may 
cause cognitive disorders in them.1,2 Aim of our paper was 
to estimate the possibility of ophthalmic surgery in children 
under regional anaesthesia.

methods
For regional anaesthesia retrobulbar injection of lidocaine 
2.5% and ropivacaine 0.75% (1-2 ml) is performed, followed 
by 3-5 minutes oculocompression. Psychological contact 
between the child and the anesthetist is very important; 
surgery should be started only when the physician is sure 
that the child will have no pain. In case of doubt combined 
(general and regional) anaesthesia should be chosen. 

results
In our clinic 18 operations under regional anaesthesia 
were performed in children aged from 8 to 17 including 
transscleral lasecyclorcoagulation, phaco and intraocular 
lens implantation, non-penetrating deep sclerectomy, 
squint surgery, corneal suture removal after penetrating 
keratoplasty, vitreous cavity revision, endolasercoagulation 
and silicone tamponade, and scleral buckling. In all cases 

the children were satisfied with anaesthesia. No complaints 
for pain or discomfort were marked. No signs of cognitive 
disorders were fixed after surgery. We had a 13-year old 
girl with congenital glaucoma, high myopia, complicated 
cataract, band keratopathy of the left eye, congenital 
glaucoma, pseudophakia, condition after penetrating 
keratoplasty, myopic astigmatism of the right eye. Before, 
she had 26 general anesthesia after which memory and 
concentration disorders persisted up to 3 months. The girl 
has undergone 3 operations under regional anaesthesia: 
transscleral lasecyclorcoagulation, corneal suture removal, 
non-penetrating deep sclerectomy without complaints for 
pain or discomfort during surgery. No sufficient changes of 
blood pressure and heart rate were marked. No memory 
and concentration disorders appeared. While choosing 
anaesthesia, the girl asked for retrobulbar anaesthesia.

discussion 
Considering psychoemotional features of childhood, 
general anaesthesia remains the main method in 
ophthalmic anaesthesiology. Nevertheless, there is an 
impression that use of regional anaesthesia in children 
who had undergone multiple operations gives a possibility 
to provide good intra- and postoperative anaesthesia and 
decrease the risk of cognitive disorders. Children well 
tolerate anaesthesia and at re-appearance refuse from 
general anaesthesia in favour of regional. To confirm this 
assumption further studies are necessary.
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using anaesthetic room as prep room to reduce 
theatre turnover time by over 66% at nottingham 
university hospitals nhs trusts 

A Kwa, D Duke, L Mawue, K Potter, H Dua
University Hospital Nottingham, Nottingham, UK

method
Theatre efficiency is the lynchpin in high performance of a 
high-turnover cataract list. There are many factors which 
can affect efficiency. At Nottingham University Hospitals 
NHS Trust, the lack of Preparation Room with the correct 
airflow is a major stumbling block. Being unable to setup 
the surgical tray until the last patient is discharged from 
theatre and a “clean sweep” is done, our theatre turnover 
time (defined as timing between application of wound 
dressing on last patient to Time-Out moment for next 
patient) averages at around at around 21.5 minutes per 
case. This has a major impact in the number of cases we 
were able to perform in a theatre session, which in turn 
exerts financial pressure as well as increase in waiting list 
time. A new approach was required.

We designed a new theatre pathway to improve turnover 
time for cataract list under topical anaesthesia only. We 
increased our staffing level from 2 scrub nurses, 1 theatre 
support worker (TSW) and 1 ODP, to 2 scrub nurses, 2 
TSW and 1 ODP. Both our TSWs double up as patient 
escort and runner at various times within the pathway. 
We also temporarily converted the Anaesthetic Room into 
a Preparation Room, and utilise a portable laminar flow 
machine for laying up of surgical instruments before the 
next case.

results
We ran two theatre sessions in one day using this model. 
Our average turnover time over the two sessions was 7 
mins 24 secs. We were able to complete a 6-patient 
cataract list in just over 2½ hours on both occasions.

discussion 
We have conclusively proven that this model can provide 
the efficiency needed for a high-volume cataract list. Using 
this model we have reduced theatre turnover time by 66% 
(~14 minutes per case). Over the course of a 3½ hours 
theatre session, we should be able to perform two or more 
extra cases per session. This would more than recoup 
the increase in staffing cost, and increase income for the 
department. For teaching lists, where surgical time may be 
longer, we should still be able to get an extra case onto 
the list. 

This model should be applicable in other Trusts with 
similar infrastructural issues. We can also further adapt 
this pathway with creation of an ophthalmic block room to 
facilitate other surgeries requiring eye blocks.

serious systemic illness in young angle closure 
glaucoma

1,2A Bruynseels, 2,3J Horsburgh, 2,3F Sii, 1-4Peter Shah
1University Hospital Coventry, Coventry, UK
2Birmingham Institute for Glaucoma Research, Institute for 
Translational Medicine, Birmingham, UK 
3Queen Elizabeth Hospital Birmingham, Ubiversity Hospitals 
Birmingham NHS Foundation Trust, Birmingham, UK
4University of Wolverhampton, Wolverhampton, UK

methods
Retrospective case note review of patients under the care 
of Professor Shah in March 2018, with Angle Closure 
Glaucoma (ACG), who were aged 55 years or less at time 
of diagnosis. ACG diagnoses included were Anatomically 
Narrow Drainage Angles (ANDA), Primary Angle Closure 
Suspect (PACS), Primary Angle Closure (PAC), Primary 
Angle Closure Glaucoma (PACG) and Acute Primary Angle 
Closure (APAC). Data were collected using a standardised 
data collection form. 

results 
Twenty-eight patients were included with a diagnoses of 
ACG. Two thirds of the patients were female, with one third 
male with an average age at diagnosis of 44 years old. Fifty-
seven percent (57%) of patients self-identified as White 
British, 29% Unknown, 7% African-Caribbean, 3% Asian 
Indian and 3% other. Thirty-nine percent (39%) of patients 
had a diagnosis of ANDA, 46% PACS, 14% PAC and 11% 
PACG. Half of patients had had a major systemic illness 
during their lifetime. Seventy-five (75%) of patients had had 
either a minor or major systemic illness during their lifetime. 
The most common types of major systemic illness were 
cancer (17%), cardiovascular (17%), psychiatric (11%) and 
haematological (11%). The most common systemic illness 
major or minor was migraine, affecting 28% of patients. 

conclusion 
Patients with ACG diagnosed at a young age can often 
have major co-existing systemic illnesses. These may 
not have been diagnosed at the time of presentation to 
the ophthalmology clinic. These findings highlight the 
importance of patient past medical history taking, as 
well as its careful documentation, repeated at each clinic 
appointment. Furthermore, awareness of major co-existing 
systemic illness in this patient group is important for 
planning future, optimal medical and surgical management, 
including choice of anaesthesia. Implications of these 
findings for anaesthetists managing young patients with 
ACG are discussed.
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anaesthetic review clinic for high risk 
ophthalmology patient – what sort of patient 
feedback matters?

A Elkhawad, D Liotiri, C Offer, R Rasanayagam, M Debuse
Brighton and Sussex University Hospitals NHS Trust, Brighton, UK

methods 
We designed a patient feedback questionnaire for the service 
we provide in the pre-operative anaesthetic assessment 
clinic at the Sussex Eye Hospital in Brighton. Our clinic 
is staffed by Consultant Anaesthetists and Nurses with a 
special interest in peri-operative medicine. We adapted a 
multimodal approach to service evaluation, including both 
patient and colleague feedback. Our aim was to develop 
a questionnaire that would truly refl ect the patient’s 
perspective. Ideally, it would enable us to understand 
how we need to improve the patient’s experience in line 
with NICE guidance on patient experience in adult NHS 
services.1 We planned to distribute this questionnaire at the 
end of the consultation and before the patient leaves the 
clinic.

results
We developed an 11 point questionnaire (Fig. 1). 

The domains set out by Care Quality Commission to defi ne 
the overall quality of a healthcare service were taken in to 
account. We are aiming to evaluate various aspects of care, 
such as time effi ciency, communication, and maintaining 
trust. We also focus on evaluating the process of informed 
consent which is at the heart of shared decision making. 
We would also be interested to know whether the rapport 
built in pre-assessment clinic with one consultant affects 
patient acceptance of a different consultant delivering the 
anaesthetic.

discussion 
We live in an era of refl ective practice and NHS cultural 
shifts towards patient-centred services; patient experience 
and outcomes both help to achieve excellence in the 
modern NHS.2 We believe that the principles of professional 
values and behaviours as highlighted by Good Medical 
Practice can also be applied to the way we collect feedback 
from our patients not only for individuals but also for NHS 
services. Short NHS patient surveys may not provide 
healthcare professionals with valuable information on the 
quality of the services they provide; most importantly there 
is lack of insight as to which aspects of the service would 
need improvements to achieve a patient experience which 
refl ects their real needs. NHS improvement plans not only 
need to put patient fi rst, but evaluate how they do this. We 
believe that the feedback tool we designed is fi t for purpose 
and will give us an idea of the quality of the service we 
provide; whether the service we deliver is effective, caring, 
responsive, person-centred and well-led will be evaluated 
by its users. 
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an audit on eye protection when proning

S Sharp, C Fiandeiro
King’s College Hospital, London, UK

methods
A survey audit was undertaken of anaesthetists, operating 
department practitioners and surgeons, primarily those 
working in the neurosurgical department, in June 2017 
to gain an understanding of local practice and knowledge 
around eye protection in patients placed in the prone 
position during general anaesthesia. 

results 
A total of 36 responses were obtained from a variety of 
staff members with different rates of proning frequency - 
from never to weekly (see table). Of the respondents 35/36 
re-ported that they used the ProneFace device available 
locally. Other methods of proning were also reported 
including Mayfield pins (2), a pillow (8) and a head ring (1). 
When specifically asked about eye protection 34/36 used 
eye pads and tape with 2/36 using tape alone. The survey 
also included questions regarding best practice when using 
the Prone Face, as per the manufacturer’s instructions 
of taping the eyes only and ensuring the entirety of the 
eye and eyebrows can be seen via the eye window. 35 
responses were obtained for this section - only 10/35 were 
aware only to use tape on the eyes and 27/35 were aware 
of the correct position of the eye window on the device.

prone 
weekly

prone 
monthly

prone 
less than 
monthly

time 
frame not 
recorded

doesn't 
prone

Anaesthetic 
Consultant

4 3 2 0 2

Anaesthetic 
Trainee/
Staff Grade

4 4 6 0 0

Surgical 
Consultant

2 0 0 0 0

Surgical 
Trainee/
Staff Grade

0 0 0 0 0

ODP/
Anaesthetic 
Nurse

5 1 1 1 1

discussion
The audit demonstrated that although the majority of 
people surveyed reported using the Prone Face, only 
a small number were fully aware of the manufacturer’s 
instructions regarding eye protection. This is an important 
discrepancy due to the potential serious consequences 
of eye damage during proning which was highlighted in a 
systematic review carried out of 53 papers in 2015.1 The 
phenomenon of post-operative visual loss was discussed 
in 23 of these papers (incidence reported 0.05-1%) with 
nerve palsies discussed in 2 and pressure sores in 3. The 
Prone Face system2 is a padded cushion that optimally 
distributes pressure across the head and neck with a mirror 
that allows intra-operative viewing of the face. It reportedly 
reduces the risk of peri-orbital oedema, post-operative 
visual loss and stroke. Since this audit has been performed 
the device used for proning locally has been changed to 
a Prone Face. In order to improve the adherence with the 
manufacturer’s guidance an information leaflet is being 

produced to help ensure that both regular and rotational 
staff in the neuroanaesthetic department are aware of the 
correct methods of use.

conclusion
Focus on performance and efficiency is paramount to 
provide Ophthalmic services in the most cost-efficient 
manner. Resource allocation, including theatre time, is 
based on performance in comparison to other specialties 
and degree of shortfall from set targets. A dedicated 
ophthalmic preassessment service is likely to improve 
performance. Realistic targets and specialty specific 
performance measures are required. Further discussion on 
productivity, efficiency and other individual parameters will 
be available during presentation.
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analgetic sub-tenon's (astB) for immediate 
sequential bilateral cataract (isBcs) like 
surgery: painfree condition, no squeezing and 
absence of diplopia due to avoidance of akinesia

1D Lerch, 1M James, B Lerch
1Montanamed Ltd. Sankt Gallen, Switzerland

objectives 
Development of an alteration of advanced sub-Tenon's 
keeping all the benefits and producing safe postoperative 
condition for bilateral IOL (ISBCS) as well.

designs and methods
This study justifies ASTB is usable for bilateral IOL too. The 
quality of any local anaesthesia like sub-Tenon's regarding 
design as sensible/painfree technique only or including 
akinesia depends on the concentration of the local 
anaesthetics. The spread of the anaesthesia and duration 
depends on volume applicated.

results
Concentration and volume of the local anaesthetics for 
ASTB have been identified that keeps all benefits of 
advanced subtenon technique apart of fully akinesia. 
Providing excellent operations condition patients will not 
blink or squeeze due to full absence of pain. A postoperative 
diplopia can be avoided. By obviously full mobility of 
the eye on the cooperative patient who get concious IV 
sedation a substantial reduction of the ability to close the 
eye with maximal force is signifcant. Apart of the obvious 
mobility a partial akinetic effect still occurs using the titrated 
concentration, without producing a postoperative diplopia.

conclusion 
The self-invented ASTB technique as an development of 
advanced subtenon's is a special opportunity to whom who 
want to keep the mobility of the eye by using all benefits of 
an advanced sub-Tenon technique due to safer condition 
than topical or sharp needle techniques can provide.



52

Ophthalmic Anaesthesia 2018; 8(2): 49-52

Due to the absence of diplopia the ASTB technique can be 
used for immediate sequential bilateral operation on same 
theatre visit.
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central retinal artery occlusion after small 
incision cataract surgery under peribulbar 
anesthesia: a case report

TP Singh
ESIC Model Hospital, Baddi, District Solan, Himachal Pradesh, 
India

case report 
Central retinal artery occlusion (CRAO) after cataract 
surgery using phacoemulsifi cation technique under 
peribulbar anaesthesia has been previously reported.1 We 
present another case report of our patient, a 65 year-old 
male with dense posterior polar cataract, known diabetic 
for ten years well-controlled on oral hypoglycemic agents, 
who developed total visual loss secondary to development 
of central retinal artery occlusion on fi rst post-operative 
day after manual small incision cataract surgery (SICS) 
under peribulbar anesthesia (PBA). Post-operative fundus 
examination of left eye showed retinal opacity involving 
macula with cherry red spot and optical coherence 
tomography (OCT) (Topcon 3D OCT- 2000, Topcon Corp., 
Tokyo, Japan)  revealed features suggestive of central 
retinal artery occlusion (Fig. 1). 

discussion
The hemodynamic factors causing fall in ocular perfusion 
pressure below critical level can cause central retinal artery 
occlusion - usually transient as shown by SS Hayreh.2  
Although retinal circulation has effi cient autoregulation to 
regulate the blood fl ow but it works only in critical range 
of rise or fall in perfusion pressure.3 The patients with 
already poor ocular perfusion pressure such as carotid 
artery disease are vulnerable to develop central retinal 
artery occlusion due to fall in perfusion pressure. Similarly, 
patients with diabetes can have limited retinal blood fl ow 
autoregulation capacity. Adrenaline (1 in 100,000) was used 
in our case, which along with lignocaine could have caused 
vasospasm of central retinal artery. Our patient being 
diabetic could have impaired retinal vascular autoregulation 
and decreased ocular perfusion pressure as shown by 
carotid Doppler ultrasonography done post operatively. In 
conclusion, central retinal artery occlusion can occur after 
cataract surgery under peribulbar anesthesia. Therefore, 
in vulnerable patients, one need to be cautious in using 
adrenaline along with local anesthetic drugs and if possible 
should use safer alternative methods of anaesthesia like 
topical anesthesia.
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fig 1. OCT image of the left eye showing hyper refl ective inner retinal layers and shadowing in outer retinal layers suggestive of inner retinal 
layers opacity along with fundus image showing retinal opacity involving macula.
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