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Abstract
Sub-Tenon’s block (STB) is a good technique of local anaesthesia for many types of eye surgery. It has a relatively good risk
profile, in that sight- and life-threatening complications appear to be extremely rare. STB has gained popularity in the last
three decades, with refinements including different types of blunt metal cannula, plastic cannulae and ‘incisionless’
approaches. Usage of STB varies significantly across the globe. This narrative review documents the historical evolution of
STB techniques, anatomical and physiological considerations, its utility and suitability, complications, explores the current
practice and possible future applications.

Introduction

Sub-Tenon’s block (STB) anaesthesia was first described in
1884, but the technique has only become widespread since
the 1990s. This narrative review documents the evolution of
STB techniques, anatomical and physiological considera-
tions, its utility and suitability, complications, explores
current practice and possible future applications.

Methodology

This review is based upon previous teaching materials
prepared by the authors. In addition, we conducted a lit-
erature review using Pubmed, Google Scholar and Medline,

and Scopus using a combination of keywords: ‘sub-Tenon’,
‘anaesthesia’ and ‘block’ between January 1980 and May
2020. Other related articles were retrieved from the refer-
ences of key articles. As a result, a total of 100 articles are
included in this review.

Historical overview

Ophthalmic regional anaesthesia really began in 1884, when
cocaine eye-drops transformed eye surgery [1]. By late 1884,
various techniques of local anaesthesia had been described
[2–4]. The first description of STB was Turnbull’s method,
used for enucleation. Having opened Tenon’s capsule,
cocaine drops were ‘allowed to flow into the cut’ and then
‘inserted as to flow down the blades’ of curved scissors, to
reach the back of the globe [2, 3]. Almost simultaneously,
Cocks described using an Anel (lacrimal) syringe ‘introducing
the point of the syringe as far back as possible, keeping its
point near the globe’ to inject cocaine to the sub-Tenon’s
space, and along the rectus muscle sheaths [2, 4].

Various modifications of STB technique have emerged
over the last century (Table 1) [5–24]. Renewed interest
emerged in 1990s when Mein et al. described inserting a
blunt cannula into the sub-Tenon’s space, after initial dis-
section, to deliver local anaesthetic (LA) solution [6, 7].
This approach was further popularized by Stevens [8, 9],
Greenbaum [10, 11] and others. Further modifications
include the use of different types of blunt metal cannula
[12–16], sharp needle [17, 18], plastic cannulae [13, 19–21]
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and ‘incisionless’ approaches (using a blunt cannula,
without dissection) [16, 22, 23]. Because of the inherent
risks of sharp needles, this review will only consider blunt-
cannula STB.

Since STB was re-introduced in the 1990s, most practi-
tioners have used a blunt-ended cannula to place the
anaesthetic behind the equator of the globe, via an infer-
onasal incision that is made using blunt-ended spring-scis-
sors [8, 25, 26]. A major change has been the realization
that scissors are not always necessary. Allman described a
‘no-snip’ STB technique using a ‘pencil point’ cannula [22].
Subsequently, others have described using a lacrimal dilator
or commercially available plastic probe to make this initial
incision [27]. In our experience, these ‘no-snip’ STBs may
not be possible for those with thicker Tenon’s capsule (e.g.
younger patients and those of African heritage).

The LA agent has also transitioned over the last century.
Cocaine was abandoned for its adverse local and systemic
side effects. Procaine hydrochloride was introduced in the
1900s, and later superseded by lignocaine (lidocaine) [28].
In recent years, most available LA agents have been used
for STB including lidocaine, bupivacaine, levobupivacaine
and ropivacaine.

Anatomical and physiological considerations

Tenon’s capsule is the fascial sheath that surrounds the globe
and separates it from orbital fat (Fig. 1). Anteriorly, Tenon’s
capsule merges with the conjunctiva just behind the limbus.
Posteriorly, Tenon’s capsule fuses with the meninges around
the optic nerve and sclera at the optic nerve exit. Close to the

optic nerve, the sub-Tenon’s space is traversed by the short
posterior ciliary arteries (SPCAs) (supplying optic nerve head
and choroid) and the posterior ciliary nerves (serving sensa-
tion to most of the internal structures of the eyeball). Four
vortex veins drain the choroidal circulation, and traverse the
sub-Tenon’s space. The tendons of the six extraocular mus-
cles pierce the sheath as they pass to their insertions on the
globe. Hence, there is a potential space between the sclera and
Tenon’s capsule [25, 29]. In practice, small volumes of LA in
the posterior sub-Tenon’s space will give good analgesia, and
larger volumes will spread around the extraocular muscle
sheaths, giving akinesia.

When accessing the sub-Tenon’s space, the practitioner
should avoid damaging the rectus muscles. The inferonasal
quadrant is most commonly used to access sub-Tenon’s
space [25, 30], though superotemporal [24, 31], superonasal
[31], inferotemporal [31–33] and four-quadrant approaches
[6] have been described. The inferonasal approach is said to
have a low likelihood of damage to vortex veins or other
structures, and superonasal quadrant is potentially more
hazardous due to the close proximity of vascular, neuronal
and muscular contents in that area [25].

The sub-Tenon’s space is anatomically divided into ante-
rior, equatorial and posterior sections. The equator can be
thought of as the widest part of the globe, between cornea and
macula. Anterior placement of the cannula may reduce the
risk of potential trauma to structures behind the equator, but
anterior STB has the disadvantage of higher likelihood of
transient chemosis and discomfort to the patient [26]. In our
experience, most practitioners perform a STB with the can-
nula behind the equator [25, 26, 30, 31], via an incision that is

Fig. 1 Sub-Tenon’s space.
Cross-sectional diagram of the
eye, showing the sub-Tenon’s
space surrounding the globe.
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made around 5–6mm posterior to the limbus. This distance is
preferred because it is far enough back from the limbus for the
conjunctiva (and attached Tenon’s) to be moveable when
grasped with forceps, and also far enough forward for the
Tenon’s layer to be relatively thin, thereby facilitating easy
access to the sub-Tenon’s space with single snip, or a no-snip
technique [22, 25–27, 30, 31].

The direction of gaze for STB is an important considera-
tion. For an inferonasal approach, the patient is asked to look
upwards and outwards (superolateral gaze). This makes
access easier, but the practitioner should remember that such
globe rotation may bring the optic nerve forward, rendering it
vulnerable [34]. Smaller volumes STB often do not cause any
significant rise in intra-ocular pressure (IOP) [35]. However
larger volumes STB increase IOP [36] and the careful use of
an ocular pressure-reducing device may be required [37].

Mechanism of action

Ultrasound [38] and magnetic resonance imaging [39] stu-
dies that have shown delivery of LA into the posterior sub-
Tenon’s space create a lake of fluid circumferentially
around the posterior aspect of the globe, directly blocking
the ciliary nerves that provide sensory innervation to the
globe (providing anaesthesia) [40]. Over the next 3–5 min,
LA spreads along the extraocular muscle sheaths, diffuses
into the intraconal space, and tracks forward to the fascial
planes around the lids (providing akinesia of the globe and
orbicularis oculi muscle) [38, 40]. The last akinetic muscle
is often the superior oblique muscle, presumably because
the muscle belly is further from the globe, and also the
trochlear nerve is outside the muscle cone [29].

Smaller volumes of LA agent (e.g. 2 ml) usually provide
excellent analgesia, but little or no akinesia. Larger volumes
(e.g. ≥3–5 ml) may be needed if akinesia is required [41].
With the inferonasal quadrant approach for STB, muscles
innervated by the oculomotor nerve may be blocked pre-
ferentially [42]. In practice, larger volumes of STB usually
provide good analgesia and akinesia [42], including lid
akinesia [43]—hence, a facial nerve block (with its added
risks) is not necessary.

Suitability of STB

As a general principle, most patients or surgeries suitable
for needle-based blocks would also be suitable for STB.
However, there are some important considerations.

Patient factors

Active eye infections are a contraindication for STB [44].
Even in routine (non-infected) cases, 5% povidone-iodine
should be instilled into the conjunctival fornix for at least

3 min prior to STB to minimize the risk of inoculating
bacteria into the sub-Tenon space [45, 46].

Any process that results in scarring to the conjunctiva
and/or Tenon’s capsule (e.g. chemical burns, ocular cica-
tricial pemphigoid (OCP), previous strabismus surgery or
placement of a scleral explant or encircling band for retinal
detachment [25]) may make STB difficult or impossible.
This is because the Tenon’s capsule may become ‘stuck’ to
the sclera, and attempted dissection for STB could cause
scleral perforation [47]. Careful preoperative examination
may identify an area free of scarring, allowing safe STB in a
different quadrant. In OCP, it is best to avoid STB alto-
gether, as STB could exacerbate the existing scarring with
potential sight-threatening consequences.

Eyes with very thin sclera (e.g. previous scleritis) are less
suitable for STB, due to the risk of scleral perforation [48].
Thin sclera can often be identified by its relative transpar-
ency (revealing dark bluish choroid underneath), and/or the
sclera may bulge forward. If this thinning only affects part
of the globe, STB could potentially be given via an unaf-
fected quadrant. However, scleral thinning may not always
be apparent [48], particularly if behind the equator. Thus,
use of non-metal (plastic) and/or shorter/blunter cannulae
may further minimize the risk of globe perforation.

STB is preferable to needle-based blocks in eyes that
have a higher risk of globe perforation. Examples include
deep-set eyes, highly myopic eyes, abnormal orbit, uncon-
trolled eye movements (e.g. nystagmus) or uncontrolled
head movements. Photic sneezing (reflex sneezing in
response to light) is common, and rarely these patients may
have a reflex sneeze during an LA block [49, 50], particu-
larly if intravenous sedatives have been used—blunt-can-
nula STB is also preferred for these patients.

Highly myopic globes are usually larger, longer, and
may have thinner sclera and posterior staphyloma (bulging
of the posterior sclera). Thus, myopic eyes are at increased
risk of globe perforation with needle-based blocks [51, 52],
Most posterior staphylomas are in the inferolateral position
[51, 53], hence the standard inferonasal STB should be a
preferred technique.

Use of anticoagulant and antithrombotic drugs might
increase the risk of sight-threatening orbital haemorrhage,
particularly if a sharp-needle block is used. However, the
actual risk is low, and stopping anticoagulants may risk life-
threatening thrombosis. In most cases it is advisable to
continue these medications for ocular surgery [44]. Using
STB, instead of a needle block, should reduce the risk of
sight-threatening haemorrhage [54].

STB may have a special role in patients presenting with
advanced multiple comorbidities for bilateral eye surgery
where general anaesthesia and bilateral akinetic needle
blocks may be undesirable. Staggered STB has been
described for bilateral strabismus surgery [55].

1298 M. J. Chua et al.



Surgical factors

For many surgeons, STB is the default technique for most
of their ocular surgeries. Operations requiring good aki-
nesia (larger volume STB) may include cataract surgery
[56], corneal surgery, vitreoretinal surgery [57] and glau-
coma surgery [58]. Treatments to ablate the ciliary body
and/or peripheral retina (e.g. cyclodiode laser to ciliary
body, cryotherapy to retina) require good analgesia. For
these cases, 2 mL of lidocaine 2% (small volume STB)
usually provides excellent analgesia, whilst maintaining
eye movement, allowing for a quicker and easier proce-
dure [59]. Prolonged surgery is no barrier to using STB, as
the surgeon can simply ‘top-up’ the local anaesthesia via
the initial incision site or via a sub-Tenon catheter [19]
intraoperatively.

STB may be less suitable for a few intra-ocular opera-
tions. Some glaucoma surgeons believe that any chemosis
or sub-conjunctival haemorrhage resulting from STB might
potentially enhance scarring of the conjunctiva, and this
could increase the likelihood of failure in filtering surgery.
However, there is very little clinical or scientific evidence to
support or refute this claim, but it would be difficult
to exclude a modest effect. Therefore, some surgeons prefer
to avoid STB if there is the possibility that the eye may need
glaucoma filtering surgery in future [60]. Penetrating inju-
ries to the globe may be unsuitable for STB, and some are
unsuitable for any type of local anaesthesia. Selected open
globe injuries can be performed with a STB prior to, or
during the procedure [61–63].

Additives to the LA

The volume of LA given may vary between practitioners: in
our experience, the range is 1–10 ml, though most give
between 2 and 5 ml. Smaller volume produces satisfactory
anaesthesia but less akinesia [64]. Larger volumes give
better, faster akinesia but more chemosis and potential for
elevation of intra-ocular pressure [36]. Addition of hyalur-
onidase has been shown to significantly reduce median
effective LA volume [65]. Adding a vasoconstrictor (e.g.
adrenaline) is not recommended because of the risk of
ocular ischaemia [25].

Other additives such as muscle relaxants, clonidine and
opiates have been described for use with needle-based
blocks, but their role in STB is unsubstantiated, thus their
use is neither routine nor recommended [66].

Complications of STB

The complications of STB have been extensively reviewed,
ranging from minor to sight- and life-threatening compli-
cations [67].

Minor complications

Sub-conjunctival haemorrhage usually occurs due to the
tearing or damage to blood vessels during dissection and
injection. The incidence varies and may approach 100%
with shorter cannulae [68, 69] and in patients taking
antithrombotics [69, 70]. Patients should be warned about
this minor, transient complication [67].

Chemosis (swelling of the conjunctiva) occurs due to
inappropriate forward spread of the LA. The incidence of
chemosis is variable and depends on length of cannula,
volume of LA, speed of injection and the nature of dis-
section or entry to the sub-Tenon’s space. A recent large
study, using a flexible cannula for post-equatorial STB,
reported 14.8% had chemosis that affected only 1 quadrant
of the eye, and 4.5% of eyes had chemosis affecting 2 or
more quadrants [20]. Chemosis usually resolves sponta-
neously or with applied pressure, and should not interfere
with surgery. Glaucoma surgeons may wish to avoid the
risk of sub-conjunctival haemorrhage or chemosis, as
explained above [60].

Pain during STB administration has a reported incidence
up to 44% of patients [9]. One study of 6000 patients
reported 7% experiencing more than mild discomfort, and
7% of patients also complained of some discomfort during
surgery [71]. Others reported similar findings [72]. In a
recent large series, 93.2% experienced no or only mild
discomfort during or after surgical procedure [20]. Rando-
mised trials indicate that STB is well tolerated, and patient
comfort compares well against needle-based blocks and
topical anaesthesia [73–77].

Reflux of the LA during administration is common when
the dissection of sub-Tenon’s capsule is incomplete and
traction during injection may enlarge the initial dissection
area. Loss of significant volume of LA agent may affect
development of akinesia [41, 67, 78].

Sight- and life-threatening complications

Sight- and life-threatening complications of STB are
extremely rare, with most being included in retrospective
observational studies [56, 79] or case reports [67]. There
have been no large prospective randomised controlled trials
(RCTs) to look at this issue [56, 79]. There are a few
published RCTs that have reported complication rates, but
all have small sample sizes and were intended primarily to
look at effectiveness. Thus, no RCT involving STB has
been sufficiently powered to make any meaningful con-
clusion regarding the rate of serious complications. A large
1-year survey of complications of local anaesthesia included
an estimated 180,000 STBs [56]. There was one sight-
threatening complication (cilioretinal artery occlusion)
and two life-threatening complications (one myocardial

Sub-Tenon’s anaesthesia for modern eye surgery—clinicians’ perspective, 30 years after re-introduction 1299



infarction, one anaphylaxis) though causation could not be
established with certainty, and the degree of under-reporting
could not be determined [56]. The Cochrane Collabora-
tion’s review concluded that STB was a ‘safe method of
providing anaesthesia for cataract surgery’ [73].

The actual types of sight- and life-threatening complica-
tions of STB are similar to those reported with needle-based
blocks. Life-threatening complications include brainstem
anaesthesia, seizures, ventricular fibrillation and death [67].
Sight-threatening complications include orbital and retro-
bulbar haemorrhages, scleral perforation, muscle paresis
(especially the inferior and medial rectus muscles), optic
neuropathy, accommodation defects, retinal and choroidal
vascular occlusion and orbital swelling [67]. These rare
complications continue to be reported as anecdotal cases.
Clinical prospective observational audit data, and large studies
with voluntary reporting, suggest that the incidence of serious
sight-threatening complications with blunt-cannula STB is
very low, and probably rather lower than with retrobulbar or
peribulbar block [20, 56, 71, 79, 80].

The actual STB technique used may influence the like-
lihood of serious complications. A simple example is anterior
ischaemic optic neuropathy (AION) or optic nerve head
infarct associated with STB [67, 79, 81]. The optic nerve head
is supplied by the SPCAs, which cross the sub-Tenon’s space,
close to the optic nerve head. Thus, a very posterior place-
ment of a metal cannula could potentially damage these small
arteries, causing an AION. These SPCAs sometimes also
supply the retinal circulation (usually as a cilioretinal artery),
which explains the occurrence of some retinal infarcts with
STB [56]. A long metal cannula could reach the optic nerve
head itself [81]: these cannulae can be pushed through the
anterior conjunctiva and Tenon’s capsule for the ‘no-snip’
STB technique, so it is likely that one could also pierce the
coverings of the optic nerve, thereby causing brainstem
anaesthesia [67, 79, 82, 83]. Over-deep initial dissection with
scissors could also cause these problems [26]. Thus, it is
recommended that practitioners should use minimal dissec-
tion, and avoid advancing the STB cannula to a ‘very pos-
terior’ position [81]. Most teachers recommend that the
cannula is placed just a little bit behind the equator, to
minimize the risk of serious complications [63, 67]. Using a
pointed device instead of scissors [22, 27] could also poten-
tially damage muscles or even perforate the sclera, so these
devices should also be used with caution.

Worldwide usage of STB

The usage of STB worldwide is difficult to ascertain. There
is no robust data on the overall use of STB (or other
anaesthesia modalities) for ophthalmic surgery in any
country. A few national surveys have looked at anaesthesia
for cataract surgery [84–92]. For some countries (Canada,

Singapore and United Kingdom) [84, 88–91], repeated
surveys have shown that practice has been changing sig-
nificantly since the 1990s. Where serial surveys exist, they
tend to show a move away from ‘sharp-needle’ LA block,
with increasing use of STB and topical/intracameral
anaesthesia (Table 2).

There appears to be significant worldwide variation
(Table 2), though these results should be interpreted with
caution: many did not survey a truly ‘representative sample’
of national practice, and practice is likely to have changed
since publication. According to Table 2, STB is commonly
used in some countries (e.g. Canada, Japan, New Zealand and
United Kingdom [84, 87, 90, 91]) but infrequently in others
(e.g. Singapore and USA [88, 89, 92]). We acknowledge that
Table 2 may not reflect current practice.

Possible reasons for slow uptake of STB in some countries

Despite its superior safety profile [20, 67, 71], STB has not
completely replaced needle-based blocks. There are many
probable reasons why ophthalmic anaesthesia providers are
slow to change from established techniques.

First, it is more expensive to perform a STB than a
needle-based block. The cost of a disposable STB cannula
is ~$3–5 (US dollars equivalent). Conjunctival forceps
and spring-scissors are also needed. Reuseable cannulae
are available, but this involves the initial expenditure,
with additional ongoing costs of sterilization. Reusing
cannula carries the risk of transmissible infection, if the
lumen is not fully sterilized. Dedicated STB cannulae
are not commercially available in some countries, though
(as discussed above) other types of cannula can be used
for STB.

Another barrier to progress is the question of who
will perform the block. In many countries, it is normal for a

Table 2 Summary of the use of sub-Tenon’s block to the total number
of regional ophthalmic blocks used for cataract surgery (percentage,
year of national survey).

Country Sub-Tenon’s block % (year of survey)

Canada 31% (2010) [84]
61% (2018) [84]

Japan 63% (1999) [85]

Korea 42% (2012) [86]

New Zealand 86% (2007) [87]

Singapore 5% (2004) [88]
7% (2016) [89]

United Kingdom 42% (2003) [79]
50.5% (2013) [56]

United States of America 5% (2003) [92]

Data should be interpreted with caution because of the inherent
difficulty in getting a truly representative sample.
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non-ophthalmologist (e.g anaesthesiologist or nurse anaes-
thetist) to perform the anaesthetic block, using a needle.
These clinicians may be unhappy with the idea of using
scissors for a ‘surgical procedure’, and thus might ask the
surgeon to perform the STB. This could mean that operating
lists will be less efficient, because of more time taken per
case. These concerns can be overcome with training, but
many non-ophthalmologists may prefer using a ‘no-snip’
STB technique, as discussed above.

Another potential concern is a cosmetically imperfect
appearance of the eye in the early post-operative period.
While it is true that chemosis and/or sub-conjunctival hae-
morrhage is not uncommon with STB [67], the technique
gives high rates of patient satisfaction [20, 41, 74–78].
Patients can be reassured that any cosmetic effect should be
transient, that needle blocks can also cause similar effects,
but that STB appears to have a significantly lower rate of
serious complications than with needle-block techniques
[56, 67, 79]. Some clinicians have suggested that a change
from needle blocks to STB might deter patients from
attending their private practice, but evidence from one large
private provider suggests the opposite [20].

Teaching and training of STB

STB lends itself particularly well to training on models.
In contrast, sharp-needle blocks have to be taught in
relation to the complicated orbital geometry. This is of
importance, since an animal-model’s orbital geometry
does not align well with human anatomy. Excised eyes
from a local abattoir facilitates sub-Tenon’s training by
being easily obtainable, cheap and offering comparable
ocular anatomy [93]. With the caveat to the trainee that
most animal eyes have ‘tighter’ connective tissues than
most aged patients, all STB techniques can be demon-
strated and practiced easily. The microanatomy of the
block—the LAs depot being placed between sclera and
the conjunctival/Tenon’s double-layer—can be demon-
strated by use of ultrasound on the model eye, which
enhances understanding [15]. The authors sometimes use
an even simpler model for training, made by wrapping
some thin plastic around a cherry tomato or similar
fruit: either can be very helpful for learning the ‘moves’
for STA.

The future of sub-Tenon anaesthesia

While topical/intracameral anaesthesia is becoming com-
monplace for cataract surgery [56], there will always be
operations that need good akinesia, and/or good analgesia
beyond the anterior segment of the globe. Vitreoretinal,
glaucoma, corneal and cataract surgery will all include
many cases that need either general anaesthesia (GA) or a

good LA ‘block’. Recent evidence (e.g. Table 2) indicates
that STB is gradually taking over from needle blocks, and in
many cases is being used in place of GA.

For vitreoretinal and similar surgeries, STB has several
obvious advantages when compared to GA. When com-
pared to standard GA, STB can reduce the incidence of
oculocardiac reflex, and reduce the need for intraoperative
and post-operative opioids [94, 95]. Overall, changing from
GA to STB should mean more efficient surgery with more
operations done per session, less use of healthcare resources
and higher patient satisfaction. There is evidence that this
change from GA to STB is already taking place [96], and
this trend is likely to continue.

Some surgeons use STB to assist with pain control
during and after GA surgery. The use of preoperative
STB in sevoflurane-anaesthetised patients undergoing
buckle-surgery for retinal detachment demonstrated better
intraoperative hemodynamic control, reduced need for
sevoflurane, reduced opioid consumption and shorter time
spent in recovery unit, when compared to placebo injection
[97]. Using STB for post-operative pain control is helpful of
GA or sedated patients, and may be particularly useful for
children and the elderly [98, 99].

In cataract surgery, many more operations are now using
topical and intracameral anaesthesia [56]. There will always
be cataract cases that need a ‘block’ anaesthesia, and in
many countries STB is now becoming the standard block
(Table 2). In the United Kingdom, the 2017 National
Guideline on cataract surgery states that patients should be
offered either STB or topical (with or without intracameral)
LA for cataract surgery, and that needle (peribulbar) block
should only be considered if both STB and topical anaes-
thesia are contra-indicated [100]. With increasing evidence
regarding the relative safety of STB, we predict that this
technique will become even more widespread in the years
to come.
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