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Purpose: To describe our technique of sub-Tenon’s anesthesia and report adverse events and

patient comfort.

Setting: Optical Express, United Kingdom.

Design: Retrospective case series.

Methods: The outcomes of 35,850 intraocular procedures (phacoemulsification and implan-

tation of an intraocular lens) were retrospectively reviewed and the incidence of adverse

events related to sub-Tenon’s anesthesia was calculated. On the first postoperative day,

patients were asked to complete a questionnaire enquiring about their comfort during and

after the procedure. The anesthetic solution consisted of a combination of Lidocaine and

Hyaluronidase, which was administered into sub-Tenon’s space with a single-use sterile

polyurethane 22G x 1” (0.9 x 25 mm) cannula. Mild conscious sedation (midazolam) was

used during anesthetic and surgical procedure.

Results: No significant adverse events that would affect the posterior segment of the eye or

result in vision loss were recorded. Subconjunctival haemorrhage related to sub-Tenon’s

anesthesia was noted in 4.3% of eyes. Five minutes after the administration of sub-Tenon’s

block, 80.6% of eyes had no chemosis, 14.8% had chemosis that affected only 1 quadrant of

the eye and 4.5% of eyes had chemosis affecting 2 or more quadrants of the eye. Other

adverse events included 14 cases of cyst/granuloma formation in the area of sub-Tenon’s

incision and 7 eyes required suturing of the conjunctival cut. Of all patients, 93.2%

experienced no or only mild discomfort during or after surgical procedure.

Conclusion: Sub-Tenon’s anesthesia with the use of a flexible cannula is a safe option for

ophthalmic anesthesia. No sight-threatening adverse events occurred.

Keywords: sub-Tenon’s anesthesia, flexible cannula, refractive lens exchange, adverse

events

Introduction
Various ophthalmic procedures are commonly performed as outpatient surgeries

under local anesthesia.1–3 In the past, peribulbar and retrobulbar blocks were

frequently used techniques; however, they have been associated with rare, but

significant sight-threatening adverse events related to the use of a sharp needle.1–4

Sub-Tenon’s anesthesia has emerged as a safer alternative to ophthalmic blocks,

as it is performed with a blunt cannula as opposed to a sharp needle. The technique

was first time described in 18845 but gained popularity in the early 1990s6 and
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variations of the techniques have been described with the

use of different cannulae.7–11

Although sub-Tenon’s anesthesia is relatively safe, it is

associated with some common and minor complications,

most commonly chemosis or subconjunctival hemorrhage.4

It has also been associated with extremely rare but sight-

threatening or even life-threatening complications, such as

brainstem anesthesia, globe perforation, orbital or retrobul-

bar hemorrhage, retinal ischemia, optic nerve damage or

rectus muscle dysfunction.4 These are mostly the result of

inappropriate technique, forceful injection and usually asso-

ciated with the use of a metal cannula.12 An alternative use

of flexible plastic cannula has been advocated to improve

the safety of the technique.6,8,12

In this study, we describe our own technique with the

use of a flexible cannula and present adverse events and

patient comfort in a large population of patients under-

going refractive lens exchange or cataract surgery.

Patients and Methods
This study was deemed exempt from full review by the

Committee on Human Research at the University of

California, San Francisco, because it used only retrospective,

de-identified patient data. All patients provided informed

consent to undergo refractive lens exchange or cataract sur-

gery and agreed to use their de-identified data for statistical

analysis. The study adhered to the Declaration of Helsinki.

Data of all patients that underwent refractive lens

exchange or cataract surgery between May 2013 and

December 2017 were extracted from the electronic medi-

cal record of Optical Express. The extracted variables

were patient’s demographics (age and gender), preopera-

tive clinical data (refraction and visual acuity), adverse

events (AEs), anesthesia details (dosage of anesthetic solu-

tion and sedation) and day one postoperative patient

experience questionnaire. Intraoperative adverse events

were recorded by either the surgeon, nurse, or healthcare

assistants (surgical technicians) present in the operating

room during surgery. Postoperatively, patients were seen

by either the surgeon or qualified refractive optometrists

who identified and recorded any AEs.

Adverse events were subsequently reviewed searching

for any events associated with the local anesthesia (such as

subconjunctival hemorrhage, or any events related to the

anterior or posterior segment of the eye associated with the

anesthesia). All patients were asked to complete day 1

postoperative questionnaire, where one of the questions

was “Did you experience any discomfort during or after

surgery” with the possible answers ranging between 0 (no

discomfort at all) to 3 (severe discomfort).

Additionally, rates of chemosis and achieved akinesia

were monitored in a subset of 1920 consecutive eyes

treated between 1st April 2017 and 30th June 2017.

Chemosis was calculated according to the number of

affected eye quadrants on a scale between 0 (no chemosis

at all) to 4 (chemosis affecting 4 quadrants), and it was

assessed 5 mins after the injection of anesthetic solution.

Sub-Tenon’s block performance was also evaluated 5 mins

after anesthetic solution administration. The patient was

asked to try to look up, down, to the right and to the left

and the quality of the block was scored on the following

scale: 1 – good: full akinesia achieved, no movement of

the eye globe in any direction possible, 2 – moderate:

slight movement of the eye globe, but satisfactory to

proceed with surgery, 3 – poor: substantial movement of

the eye globe requiring additional injection of anesthetic

solution.

Surgical Technique
Patients first underwent lens fragmentation and capsulor-

hexis with a femtosecond laser (Catalys Precision Laser

System, Johnson & Johnson Vision Care, Inc, Santa Ana,

CA) with the use of topical proxymetacaine hydrochloride

0.5%w/v. Prior to anesthetic procedure, each patient was

seen and assessed by an anesthetist. Patient was then moved

into anesthetic room, placed into supine position and stan-

dard monitoring was applied. All patients had intravenous

cannula sited and the left in place until their postoperative

discharge. Intravenous sedation (Midazolam) was then

administered. The amount of Midazolam varied between

patients. Generally, 1.0–1.5mg initial dose was used and, if

necessary (depending on patient’s anxiety), the dose

increased by 0.50 or 1.0mg every 5 to 10 mins. The max-

imum dose was limited by establishing a conscious sedation

and, if necessary, adjusted for existing medical conditions.

From previous experience of patient’s increased awareness

of procedure during second-eye surgery, the dose of mid-

azolam was increased by up to 50% for second-eye surgery.

The second-eye surgery was typically performed 1 to 7 days

after 1st eye surgery. All patients received supplementary

oxygen therapy throughout their stay in the operating suite.

For the sub-Tenon’s block, the conjunctiva was first

anesthetized with a drop of topical proxymetacaine hydro-

chloride 0.5%w/v and cleaned with povidone iodine solu-

tion. A wire speculum was inserted into the eye, and the

patient was instructed to look up and out for the anesthetist
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to access the inferonasal quadrant. A small piece of con-

junctiva and Tenon capsule was raised with a pair of fine

tooth forceps (Fine Straight Toothed Forceps, Surgitrack

Instruments, Hongkong) and a small incision was made

with the pair of scissors (Westcott Type Conjunctival

Scissors, Surgitract instruments, Hongkong), exposing the

sclera below (Figure 1).

Polyurethane cannula (attached to a syringe with anes-

thetic solution) was then inserted into the incision and

passed posteriorly (Figure 2). Anesthetic solution was

then injected. (Lidocaine 2% 2.5–3 mL with

Hyaluronidase between 15 units up to 100 units). No pres-

sure was applied on the eye following the injection of

anesthetic solution.

To avoid subconjunctival hemorrhage, a cellulose spear

(Eye Spears, Bazever-Visitec International Inc, Waltham,

USA) was placed under the lower eyelid on the area of

conjunctival cut (Figure 3). The spear was replaced after 2

mins and left in place for as long as the bleeding contin-

ued. In most of the cases, only one replacement of the

spear was necessary, but if bleeding continued, spears

were replaced every 2 mins as many times as it was

necessary to stop the bleeding.

The cannula used for injection of anesthetic solution

(Figure 4) was Introcan® Certo (B. Braun Melsungen AG,

Germany). This is a single use 22G x 1” (0.9 x 25 mm)

sterile polyurethane cannula with no port and wings

usually used as a pediatric IV indwelling cannula.

Anesthetic blocks were performed by 12 anesthetists in

21 surgical locations and they all were trained by two

experienced anesthetists (D.L or A.M.J.) and strictly

supervised until they became confident with the technique.

Statistical Analysis
All adverse events related to sub-Tenon’s anesthesia were

reviewed and the incidence was calculated on “per eye”

basis. Outcomes of postoperative questionnaire referring to

the discomfort during or after surgery were analysed on “per

procedure” basis and the correlation between patient-

reported discomfort and basic preoperative demographics

and clinical data (age, amount of preoperative myopia and

hyperopia) was calculated. For binary variables (such as

gender or first and second eye), a student’s t-test was used

to compare patient-reported discomfort. Chi-square test was

used to compare percentages. All calculations were per-

formed with Microsoft Office Excel 2011 program

(Microsoft Corp.) and STATISTICA software (StatSoft Inc.).

Preoperative Demographics and Clinical

Data
The total number of sub-Tenon’s blocks performed between

May 2013 and December 2017 was 35,850 (35,850 eyes of

20,277 patients). The mean age of patients at the time of

surgery was 57.9 ± 7.8 (from 23 to 93 years). The age

distribution is presented in Figure 5. Male to female ratio

was 50.5% (n=10,240 patients) to 49.5% (n=10,037 patients).

Of all patients, 94.1% (n=33,735 procedures) underwent

refractive lens exchange (for refractive reason, with minimal

or no cataract lens changes but corrected distance visual acuity

not worse than 20/25) and the remaining 5.9% (n=2115 pro-

cedures) had visually significant cataract.

The percentage of eyes with preoperative myopic

refractive error was 15.8% (n=5664 eyes) and 84.2%

(n=30,186 eyes) of eyes had hyperopia. The mean preo-

perative myopic refraction was −3.65 ± 3.12 D (−0.25 D to

Figure 1 Conjunctival cut.
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−21.0 D) and the mean preoperative hyperopic refraction

was +2.47 ± 1.70 D (+0.25 D to +13.5 D).

Adverse Events
There were no postoperative adverse events that would

affect posterior segment of the eye or resulting in vision

loss. No systemic complications occurred in the presented

population of patients. There were 14 cases (14 eyes or 14

patients, incidence 0.04%, 1:2561 eyes) of cyst or granu-

loma formation in the area of sub-Tenon’s incision. These

were usually managed with the use of topical steroid drops,

except for one case, which required surgical extraction.

Additionally, 7 eyes of 7 patients (incidence 0.02%, 1:5121

eyes) required suturing of the conjunctival cut, because the

opening incision in conjunctiva was larger than usual and

caused irritation, discomfort and prolonged healing.

Subconjunctival haemorrhage related to sub-Tenon’s

anesthesia was evaluated based on day 1 clinical outcomes

and recorded in 4.3% of cases (n=1542 eyes, incidence 1:23

eyes).

Figure 6 shows the chemosis rates for the subset of 1920

patients. Most of the patients had no chemosis or only

chemosis affecting one quadrant of the eye (usually tem-

poral-inferior). Three or four quadrant chemosis was rare

and there was no case of chemosis necessitating surgery

cancellation.

Akinesia and sub-Tenon’s block quality is evaluated in

Figure 7. The vast majority of patients achieved full akinesia

5 mins following administration of anesthetic solution, and

only a very small number of patients required an additional

injection of anesthetic solution. No correlation was found

between the quality of sub-Tenon’s block and the presence

and severity of chemosis. As an example, 4.3% of eyes with

a good quality block, 6.8% of eyes with a moderate quality

block, and 5.6% of eyes with a poor quality block had che-

mosis affecting two or more quadrants of the eye (p = 0.26).

Questionnaire Outcomes
The mean score for patient discomfort (measured on scale

between 0 and 3) was 0.62 ± 0.63. Of all patients 93.2%

(n=33,412 procedures) experienced no or mild discomfort,

6.1% (n=2187 procedures) experienced moderate discom-

fort and 0.7% (n=251 procedures) experienced severe dis-

comfort. Patients who experienced severe discomfort

usually referred to the discomfort after surgery (for exam-

ple burning sensation when instilling eye drops).

There was no statistically significant correlation between

patient’s age, or between the amount of preoperative myopia

and hyperopia (which is usually correlated to the axial length

of the eye) and discomfort score. The only variable associated

with the discomfort was first or second eye surgery. The mean

score for discomfort during first eye surgery was 0.60 ± 0.62

and 0.69 ± 0.57 for second eye surgery (p<0.01), despite the

increased dose of midazolam during second eye surgery.

Discussion
Local anesthesia is an important part of many ophthalmic

procedures. There are several choices of local anesthetic

Figure 2 Insertion of cannula and injection of anesthetic solution.

Figure 3 Anti-hemorrhage technique.
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techniques, from simple topical anesthesia to needle/cannula

techniques that induce akinesia. Nowadays, cataract surgery

is increasingly performed with the assistance of femtosecond

lasers and the use of foldable lenses; therefore, topical

anesthesia is regaining popularity for its cost-effectiveness

and fewer side effects. However, topical anesthesia has some

important limitations: it requires patient’s cooperation,

greater surgical skills, and may have inconstant efficiency.

Most importantly, patients experience greater discomfort

during surgery.13,14 It can also potentially have an impact

on the incidence of intraoperative adverse events in non-

compliant patients.13,14

In private cataract surgery or refractive lens exchange,

great emphasis is placed on patient’s journey, experience and

comfort. Additionally, many surgeons in our practice indicated

that the surgery is technically easier if akinesia is achieved

with local anesthesia, which is the reason why sub-Tenon’s

anesthesia with mild sedation is the main technique in our

clinical practice. However, refining this technique and redu-

cing the number of adverse events is of utmost importance.

From the choice of cannulae available for sub-Tenon’s

block, 2.54cm Stevens-type metal cannula is still the most

frequently used.6 The use of a polyethylene plastic cannula

Figure 4 Cannula used for sub-Tennon’s block.
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was first described by Greenbaum in 1992.11 This was a 14

gauge cannula with an approximate length of 10 mm. The

advantage of this cannula was that it was flexible, atrau-

matic and delivered anesthetic solution into anterior sub-

Tenon’s space, thus minimizing the risk of potential

trauma to the structures begin the globe.5,11 The disadvan-

tage of the short length of this cannula was mainly

increased risk of chemosis and conjunctival hemorrhage.5

Because polyethylene cannula had major advantages of

being flexible and atraumatic, but had the shortcomings

described above, there have been attempts to develop

a longer cannula made of polyethylene plastic, intended to

deliver anesthetic solution into mid/posterior sub-Tenon’s

space. In 2001, Kumar and Dodds,8 in an attempt to design

their own cannula, accidentally came across a polyethylene

cannula used in plastic surgery. The cannula had a 22 gauge,

internal diameter of 0.41 mm and a total length of 40 mm.

The cannula had a proximal hub portion (10 mm), a middle

taper portion (12 mm), a distal straight portion (18 mm) and

round blunt tip and was great the purpose of delivering

anesthetic agent into mid sub-Tenon’s space.

The pediatric intravenous cannula we use in our prac-

tice has some great advantages. Compared to the one used

by Kumar and Dodds8 it is sterile, single use and cheap.

The cannula is 25 mm long and has no port or wings that

would obstruct the view and handling of anesthetist. The

length of the cannula is sufficient to safely deliver anes-

thetic solution to the posterior sub-Tenon’s space, and due

to its flexibility, there is no concern about perforation or

damage to the structures of the eye.

In this review, we have not found any significant adverse

events related to the use of sub-Tenon’s anesthesia. There

were a few adverse events related to the conjunctival cut

which were extremely rare considering the large number of

performed procedures, and other minor events included che-

mosis and subconjunctival hemorrhage. However, their inci-

dence was very low compared to that reported in the previous

literature. There was no vision loss recorded as a result of

sub-Tenon’s anesthesia.

Chemosis (swelling or ballooning of the conjunctiva) is

common and it is considered to be a minor complication of

sub-Tenon’s anesthesia. Only in a small number of cases

reported in the literature was chemosis significant enough

to interfere with surgery. For example, Guise et al15 retro-

spectively evaluated 6000 sub-Tenon’s blocks and found that

in only 0.06% cases edema interfered with the ophthalmic

surgery. The main cause of chemosis is the spread of anes-

thetic solution into the anterior sub-Tenon’s space, and can be

minimized by administering local anesthetic solution mainly

into the posterior sub-Tenon’s space. With the use of a long

cannula, the reported incidence rate ranges between 5.6%

and 39.4%15,16 and can be significantly higher with shorter

cannulae.17 However, the comparison of literature is difficult

because many authors do not report on the severity of che-

mosis. Also, chemosis might not always be obvious imme-

diately after the administration of anesthetic solution, and its

incidence might vary depending on the time point at which it

is recorded.With our technique and the length of the cannula,

we achieved minimal chemosis and there was no case of

significant chemosis that would lead to cancellation of

89.1%

10.0%

0.9%

0%

20%

40%

60%

80%

100%

Good Moderate Poor

P
e
r
c
e
n
t
a
g
e
 o
f
 E
y
e
s

Subtenon's block quality
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satisfactory to proceed with surgery, Poor: substantial movement of the eye globe requiring additional injection of anesthetic solution).
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surgery. We believe that correct identification of sub-Tenon’s

space is mandatory for reducing the incidence of chemosis.

Proper insertion of a flexible cannula through all layers is

also important, and in our opinion, significantly reduces

chemosis compared to the metal cannula, where the liquid

is often applied between tissue layers. A correct application

also minimizes efflux of anesthetic solution, and we found

this to be minimal with our technique.

In order to minimize, or possibly completely eliminate

the incidence of chemosis, we are currently investigating

the effect of dividing the dose of anesthetic solution. We

noticed that when a single dose application of a 3.0mL local

anesthetic is split into two separate applications approxi-

mately 3 mins apart, the sub-Tenon’s block outcome (in

terms of achieved akinesia) is equivalent to a single dose

application, while the incidence of chemosis is significantly

reduced. A similar technique has been previously described

by Khan at al,18 but opposite outcomes were found so the

authors concluded that a single dose is superior to a divided

dose of anesthetic solution. However, anesthetic solution

used in the study was different from ours (lignocaine with

adrenaline, bupivacaine and hyaluronidase) and there was

only a limited number of patients (30 in each group). For

that reason, the technique requires further investigation.

Subconjunctival hemorrhage is a minor complication

of sub-Tenon block and the reported incidence greatly

varies in the literature (7.4%15 32%19 56%16 100%17).

Subconjunctival hemorrhage is caused by fine vessels cut

on making the conjunctival opening. Larger bleeds may be

caused by damage to vortex veins in the posterior sub-

Tenon’s space, mainly if a rigid cannula is used.5 Some

techniques have been proposed to reduce the incidence of

subconjunctival hemorrhage. Kumar and Dowd proposed

the use of vasoconstrictor-soaked cotton buds to limit the

spread of haemorrhage.4 Gauba et al20 demonstrated

a significant reduction in subconjunctival haemorrhage

(especially in patients with known coagulopathy) using

controlled conjunctival cautery. This was performed by

an ophthalmologist under the operating microscope in the

area of sub-Tenon’s conjunctival entry site, prior to tissue

dissection. However, Kumar et al21 have not found any

benefit of cautery when this was applied by an anesthetist.

Our technique of preventing hemorrhage is simple and

non-invasive with very good outcomes. We used

a simple cellulose spear (without the use of adrenaline or

vasoconstrictor), kept in the place as long as bleeding

persisted. Previous techniques mostly concentrated on

bleeding prevention, whereas our technique aims to drain

the blood until there is none left to cause hemorrhage. The

reported incidence of subconjunctival hemorrhage was less

than 5%, usually confined to the incision area, and did not

interfere with surgery in any single case.

The postoperative questionnaire on pain experienced

during and after surgery revealed an absence of association

with any clinical parameters other than the timing of

surgery (first or second eye surgery). We found a subtle,

but statistically significant increase in pain in patients

undergoing second eye surgery. This has previously been

reported for various types of ophthalmic anesthesia22–27

and is likely to be related to the lower preoperative anxiety

prior to second eye surgery,25,26 or amnestic effect of

intravenous sedation.26

In this study, sub-Tenon’s anesthesia achieved great

results with complete akinesia and we highlighted some

advantages of this technique over cataract/refractive lens

exchange performed with topical anesthesia only. There is

a new challenge in intraocular surgery at the moment with

the advent of immediate sequential bilateral cataract sur-

gery (ISBCS) and its progressive acceptance in modern

ophthalmic practice,28 our clinics including. With this

approach, full sub-Tenon’s block is not practical, as it

would result in postoperative diplopia and therefore topi-

cal anesthesia is often the preferred choice. However, we

are currently investigating a technique called analgetic

sub-Tenon’s block (ASTB). In sub-Tenon’s anesthesia,

the nerve blocking, reduction of pain and motoric func-

tion/akinesia depend on the concentration of the local

anesthetic solution. On the other hand, the spread of

anesthesia and its duration depend on the volume applied.

In our new ASTB technique, we use 0.5% of Lidocaine

concentration and a 2.0 mL volume of local anesthetic

solution and achieve some advantages of sub-Tenon’s

block (elimination of pain, patient unable to squeeze the

eye and blink and at least partial akinetic effect) without

inducing postoperative diplopia. This, in combination with

mild conscious sedation, significantly improves patient’s

journey during ISBCS compared to topical anesthesia;

however, the technique will be discussed and further ana-

lysed in our future studies.

Our study had a few limitations. It was retrospective

and there is a possibility some of the adverse events might

have been under-reported or patients were lost to follow-

up. However, adverse events related to anesthesia either

manifest on the day of surgery or on early follow-ups,

which are attended by most of our patients (99.9% of

patient attend day 1 follow-up). Optical Express electronic
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medical system has strict procedures for recording of any

significant adverse events that might result in vision loss,

for that reason, it is unlikely any sight-threatening adverse

events have been missed. Another limitation of the study

was that it was mostly performed on younger patients with

minimal or no cataract changes who underwent the proce-

dure for refractive reasons. Such procedures generally

require shorter surgical time compared to the removal of

a mature cataract. However, the technique described in the

paper offers a minimum of 40 mins of lasting effect, which

should be sufficient to operate on more complicated cases.

A small percentage of patients in this study had a dense

cataract and the sub-Tenon’s technique was used with no

issues.

The other limitation of our study is the use of a non-

validated questionnaire, which refers to the discomfort during

and after the procedure. This does not accurately evaluate

discomfort related to anesthesia. If patients experienced

some discomfort during the procedure, they had an option to

write comments to describe the discomfort, and these com-

ments were usually related to postoperative rather than intrao-

perative pain. For this reason, we can assume that discomfort

related to the actual anesthesia was minimal.

Despite some limitations, this is one of the largest

studies presenting the outcomes of sub-Tenon’s anesthesia

with the use of a flexible cannula. We believe that with

appropriate training this technique is extremely safe and

generally improves the patient’s journey.
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