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Abstract

Aims To evaluate the safety and efficacy of

propofol sedation combined with sub-Tenon’s

anaesthesia for strabismus surgery in

adults.

Methods Thirty-two consecutive patients

aged 31–85 years underwent strabismus

surgery under general (n¼ 16) or local (n¼ 16)

anaesthesia. In the local anaesthesia (study)

group, sedation was induced with a loading

dose of midazolam, fentanyl, and propofol,

followed by continuous infusion of propofol,

3–6mg/k/h to deep sedation. A nasal tube was

inserted to prevent airway obstruction. Sub-

Tenon’s anaesthesia included infusion of a 3–

4ml mixture (50 : 50) of lidocaine 2%/mercaine

0.5%. General anaesthesia consisted of

premedication with midazolam, followed by

fentanyl, esmeron-bromate, propofol, and

tracheal intubation. Duration of surgery and

anaesthesia, intraoperative oculocardiac reflex

and arrhythmias, time to discharge,

postoperative pain, nausea and vomiting, and

patient and surgeon satisfaction were

evaluated.

Results The local anaesthesia group had a

significantly shorter operative and anaesthesia

time, fewer episodes of oculocardiac reflex or

arrythmia/bradycardia requiring treatment,

fewer early or late episodes of nausea and

vomiting, and less pain. The patients and

surgeon in this group reported higher

satisfaction.

Conclusion Propofol sedation with local sub-

Tenon’s injection of lidocaine/mercaine is

recommended for the induction and

maintenance of anaesthesia during unilateral

or bilateral strabismus surgery in adults. The

method is quick and effective, without

systemic or ocular side effects.
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Introduction

For proper anaesthesia during strabismus

surgery, both the general condition of the

patient and the akinesia of the extraocular

muscles (EOMs) need to be monitored, with

consideration of patient comfort and pain.

Today, surgery may be performed with less

morbidity compared to the past using general,1–4

retrobulbar,5–11 or peribulbar anaesthesia,11–14

sub-Tenon’s anaesthesia,15–20 or combinations of

sedation/topical,21,22 sedation/peribulbar,23 and

sedation/local techniques.24 General

anaesthesia,1–4 however, involves more risk of

serious cardiac, respiratory, and central nervous

system complications. Retrobulbar6–9,11,19 and

peribulbar11,13,14,25 anaesthesia may be

associated with these same risks from

inadvertent injection of the agents into the

venous system or central nervous system, as

well as with ocular complications, such as globe

perforation, retrobulbar haemorrhage, retinal

vascular occlusion, optic nerve injury,

contralateral amaurosis, and general

disorientation. Topical anaesthesia,21,22,26 alone

or combined with sedation, may cause ocular

pain or pressure. We hypothesized that propofol

sedation combined with sub-Tenon’s injection

of lidocaine (Esracaine) 2% and mercaine 0.5%

to the retrobulbar space would increase the

anaesthetic efficacy and avoid the side effects of

the other methods. It might also be feasible for

use in high-risk adult patients with serious

comorbidities.
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Patients and methods

The study sample included 32 consecutive patients who

underwent strabismus surgery at our major university-

affiliated centre from 2001 to 2003. Inclusion criteria were

age X30 years (prompted by our previous experience),

presence of horizontal or cyclovertical strabismus

(excluding superior oblique procedures), and no

previous EOM surgery, retinal detachment, or filter

operation. Patients with ocular or neurological problems,

mental retardation, deafness, or dementia were excluded.

Institutional review board approval was not necessary

because the operations were performed according to

departmental policy at the time.

Complete preoperative physical, ophthalmologic, and

orthoptic examinations were performed, and patients

were classified according to the American Society of

Anesthesiologists (ASA) score and New York Heart

Association (NYHA) grade. From June 2001 to December

2002, general anaesthesia was used in all patients (control

group, n¼ 16), and from January 2003 to June 2004,

sedation/local sub-Tenon’s anaesthesia was used in all

consecutive patients in the study (study group, n¼ 16).

The study patients received premedication with oral

midazolam 5 mg and topical benoxinate HCl 0.4%

(Localin, Fisher Laboratories, Israel), three drops every

5 min into the lower conjunctival cul-de-sac fornix,

followed by two applications of Esracaine gel 2% (Rafa

Laboratories, Jerusalem, Israel). During surgery, 30%

oxygen at 3–5 l/min was administered via a double nasal

cannula. For sedation, we used a loading dose of

midazolam 0–1 mg (Rafa Laboratories), fentanyl 25–100mg

(Taro Pharmaceutical Industries Ltd, Haifa, Israel), and

propofol 1–2 mg/g (Diprivan, B Braun, Melsungen,

Germany), followed by continuous infusion of propofol

3–6 mg/k/h, titrated until the patient was deeply sedated

but still breathing spontaneously; the dosages were

adjusted according to the patient’s age, health, and

weight. A nasal airway tube was inserted immediately in

13/16 patients after deep sedation was achieved to

prevent snore sign, jaw thrust, or paradoxical movements.

The general anaesthesia procedure included

premedication with oral midazolam 5 mg, followed by

intravenous induction with fentanyl 2 mg/kg, propofol

(Diprivan) 2.5 mg/kg, and rocuronium bromide

(Esmeron, NV Organon, Holland) 0.6 mg/kg, and

endotracheal intubation. Maintenance was achieved with

inhaled nitrous oxide 69%, oxygen 30%, and isoflurane 1%.

All operations were performed by same surgeon (MS)

using the same technique. A limbal or fornix incision was

made near the muscle to be operated on through the

conjunctiva and Tenon’s capsule, down to the bare sclera.

A blunt, 19-Gauge irrigation cannula was advanced

along the globe into the sub-Tenon’s space for infusion of

a 3–4 ml mixture (50 : 50) of lidocaine 2% (Esracaine-HCl

2%, Rafa Laboratories) and mercaine 0.5% (Bupivocaine,

Beit-Kama, Israel). After waiting for 5 min for pupillary

dilation, we proceeded to the planned EOM surgery

(Table 1). Supplemental local anaesthesia was given as

necessary.

Table 1 Baseline and operative characteristics of patients undergoing strabismus surgery under sedation/sub-Tenon’s anesthesia
(study group) or general anaesthesia (control group)

Variable Study group (n¼ 14) Control group (n¼ 16) P-value

Males/females 6/10 (37.5%/62.5%) 7/9 (43.7%/56.3%)
Age (years), mean7SD 64718.2 61716 0.67
No. of EOMs operated 2.7 3.0 0.59
Duration of surgery (min) 54.7 74.1 0.006
Duration of anaesthesia (min) 65 92.2 0.042
Time to discharge (h) 3.1 4.8 0.001
Intraoperative cardiac arrhythmia, n 1 1 F
Oculocardiac reflex, n (%) 3 (18.8%) 8 (50%) 0.06
Bradycardia, n

Early/no treatment 2 F F
Late (24 h)/treatment (i.v. atropine) F 4 F

PONV, n (%)
Early 1 (6.3%) 8 (50%) 0.05
Late (24 h) 3 (18.6%) 6 (37%) F

VAS, mean (range)
Early 0.3 (0–3) 4.6 (2–7) 0.0001
Late (24 h) 0.3 (0–2) 2.3 (1–5) 0.0001

Patient satisfaction (scale 1–10) 9.3 (8–10) 7.6 (6–9) 0.003
Surgeon satisfaction (scale 1–10)a 9.0 (6–10) 8.0 (6–9) 0.007

EOM, extraocular muscle; PONV, postoperative nausea/vomiting; SD, standard deviation; VAS, Visual Analog Scale.
aIn the study group, 13 patients (81.3%) had a score of 9–10 and three, with partial airway obstruction and head movement, had a score of 6–8; in the

control group, only six patients (37.5%) had a score of 9.
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All patients in both groups received 20 mg intravenous

dexamethasone at the conclusion of surgery.

The hospital discharge decision in both groups was

made by the attending anaesthesiologist on the basis of

patient request, the Day Care Unit nurse evaluation, and

the Aldrete postanaesthesia score.27

To evaluate the effectiveness and safety of combined

propofol/sub-Tenon’s anaesthesia in unilateral or

bilateral strabismus surgery, the study and control

groups were compared for nine parameters: (1) duration

of surgery; (2) duration of anaesthesia from induction to

recovery of alertness; (3) oculocardiac reflex (OCR),

defined as an acute decrease in heart rate induced by

pressure on the eye or traction of an EOM; (4) cardiac

arrhythmia following surgery; (5) discharge time,

calculated from the end of surgery to discharge from the

hospital; 6) Visual Analog Scale (VAS) score (0–10) for

postoperative pain, completed by the patient in the

recovery room and at home during the first 24 h after

surgery; (7) postoperative nausea and vomiting (PONV)

episodes in the recovery room and at home in the first

24 h after surgery; (8) patient satisfaction with

anaesthesia, scored on a scale of 0 (dissatisfaction) to 10

(maximal satisfaction); and (9) surgeon satisfaction,

scored on a scale of 0–10.

Statistical analysis

w2 test was performed to evaluate between-group

differences in sex distribution, ASA/NYHA scores,

arrhythmia and OCR, number of operated EOMs,

postoperative PONV in hospital and 24 h after surgery,

and patient and surgeon satisfaction. Student’s t-test was

used to evaluate between-group differences in age,

duration of anaesthesia and surgery, time from

conclusion of surgery to discharge, and VAS score in

hospital and 24 h postoperatively. In both groups, we

analysed the correlation between the various main

parameters and their impact using Pearson analysis. Life-

table comparison was employed to compare differences

in discharge time between groups.

A P-value of 0.05 or less was considered significant.

The SPSS program (version 11.5/2003, Chicago, IL, USA)

was used for all statistical calculations.

Results

The baseline data are shown in Table 1, and the operated

EOMs in Table 2. Significant between-group differences

were found for mean age (higher in the study group) and

mean duration of surgery and anaesthesia and time to

discharge (shorter in the study group) (Figures 1 and 2).

Life-table analysis (Figure 2) showed that at 3 h after

completion of surgery, 65% of the study group had been

discharged compared to only 20% of the controls;

corresponding rates at 4 h were 100 and 21%.

ASA and NYHA scores differed significantly between

the groups. ASA II–III and NYHA II–III were found in 75

and 37.8%, respectively, of the sedation/local anaesthesia

group and only 18.8% and none, respectively, of the

control group (P¼ 0.003, P¼ 0.025, respectively),

indicating a higher anaesthetic risk in the study group.

Table 2 Number of EOM operated on in the local sedation
(study) and general anaesthesia (control) groups

No. of EOM(s)

1 2 3 4 5 Total Mean per
patient

Study group (n) 5 0 8 1 2 16 2.7
Control group (n) 3 0 10 0 3 16 3.0

Total (n) 8 0 18 1 5 32 2.8

Abbreviation: EOM, extraocular muscles.

P¼ 0.59, not significant.

Figure 1 Duration of anaesthesia and surgery and time to
discharge (in minutes) in the local and general anaesthesia
groups.

Figure 2 Distribution (%) of discharge time (in min) in the local
and general anaesthesia groups.
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Intraoperatively, paradoxical movements occurred in

three patients and were managed by nasal airway tubes.

Thereafter, nasal tubes were inserted in another 13

patients prophylactically. Two patients required

supplemental anaesthesia. Intraoperative cardiac

arrhythmias occurred in one patient in each group, and

they were sporadic and required no treatment. OCR

occurred in three study patients (18.8%) and eight

controls (50%) (P¼ 0.06). Two study patients had short

episodes of bradycardia (heart rate o40/min) at the

beginning of the procedure, which disappeared without

treatment, and four control patients (50%) had

bradycardia, which required treatment with intravenous

atropine.

The study group had significantly fewer PONV events

immediately and 24 h after surgery (Table 1 and

Figure 3). Four of the eight affected control patients (50%)

required antiemetic treatment, immediately after

surgery. In both groups, patients who vomited in

hospital continued to do so at home. There was no

correlation of duration of anaesthesia with nausea/

vomiting.

Mean VAS score was significantly lower in the study

group (Table 1 and Figure 4), both after surgery and 24 h

later. Analgesia was required by 10 control patients

(62.5%) immediately after surgery and by nine control

patients (56.2%), 24 h later.

Mean patient and surgeon satisfaction scores in

hospital were higher in the study than the control group

(Table 1 and Figure 5).

Pearson correlation analysis showed that the patients

in the study group who had a high VAS score in hospital

also had a high score at home. In addition, the longer the

duration of anaesthesia, the longer the time to discharge,

which lowered patient satisfaction. There was a good

correlation between patient and surgeon satisfaction,

which increased as the duration of surgery and

anaesthesia decreased.

Discussion

General anaesthesia is considered the gold standard in

strabismus surgery for patients without severe general

morbidity. This study shows that in adults, the

combination of propofol sedation with local sub-Tenon’s

infusion of lidocaine 2%/mercaine 0.5% is associated

with decreased operative and recovery time as well as a

reduction in systemic complications. However,

precautionary steps should be taken during induction,

intubation, and extubation.

The analgesic effect of sub-Tenon’s anaesthesia is

apparently due to the blockage of the ciliary ganglia and

short posterior nerves to the EOM. Technically, it has the

advantage of eliminating the passage of a sharp needle

behind the globe, thereby avoiding the risk of direct

ocular damage. However, direct myotoxicity of the

anaesthetic agents is still a problem. Niemi-Murola et al28

and Stevens and Restori29 found that with sub-Tenon’s

injection, the liquid accumulated in the anterior part of

the orbit and later diffused into the back part of the

orbital facial sheath of the eyeball, with good continuity

between the posterior Tenon’s capsule and the

Figure 3 Postoperative nausea/vomiting in the recovery room
and at home (first 24 h) in the local and general anaesthesia
groups.

Figure 4 Mean VAS score in recovery room and at home (first
24 h) in the local and general anaesthesia groups.

Figure 5 Mean satisfaction score of patients and surgeon.
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retrobulbar and muscle cone space. Ripat et al12,13,30

found sub-Tenon’s anaesthesia to be precise and long-

lasting, even when small volumes were used.

Our method has several unique aspects. Greenberg

and Pollard24 used preoperative topical ocular tetracaine

0.5% drops and an intravenous bolus of fentanyl (1–

1.5 mg/kg) followed by continuous infusion of

intravenous propofol (25–75mg/kg/min), titrated until

deep sedation. Local anaesthesia consisted of irrigation

with 1.0 ml lidocaine 2% and epinephrine under the belly

of each muscle to be operated. By contrast, we included

intensive preoperative topical ocular treatment and

supplementary infusion of the sedative agent following

onset of surgery. In addition, we inserted a nasal tube to

prevent partial airway obstruction, agitation, and/or

paradoxical movements during surgery. Finally, the

anaesthetic mixture of lidocaine 2%/mercaine 0.5% was

not placed under the belly of the operated muscles and

did not involve ballooning of the conjunctiva–Tenon’s

space around the EOM.

Regarding propofol sedation, Wards et al31 found it to

be associated with considerably faster emergence from

anaesthesia and lesser time to extubation than general

inhalation anaesthesia. This was true in our study as

well. We attributed the significantly lower mean

anaesthesia time in the study group directly to the

sedation technique, rather than to the surgical technique,

which remained the same throughout the study period.

Similar findings were reported by others for propofol

alone or combined with N2O or fentanyl and midazolam,

thiopentone/halothane, and thiolenthal/halothane.1–

4,32,33 Although some authors found that propofol (owing

to its parasympathetic effects) was associated with more

OCR and atrioventricular rhythm disorders than other

agents, such as sevoflurane,3,34 halothane, or ketamine/

midazolam,3 and a greater need for atropine treatment,3

in our series, OCR occurred less often in the study than

the control group (19 vs 50%), as did bradycardia

regarding treatment (0 vs 25%). Hence, the operative time

was shorter in the study group because of fewer

interruptions. These findings are noteworthy considering

the higher anaesthetic risk (ASA) in the study group.

In our hospital, adults are kept for a few hours’

observation after strabismus surgery, until vital signs are

stable. Our local anaesthesia group had a significantly

shorter discharge time than the control group: at 4 h

(240 min), 100% had been discharged compared to 20% of

the controls (life-table analysis). These findings agree

with the study of Greenberg and Pollard24 wherein

discharge rates at 150 min after surgery were 100% in the

study group and 90% in the control group. Thus, the

recovery time after general anaesthesia appears to be less

predictable than that after sedation/local anaesthesia,

which makes discharge time planning more difficult.

Propofol has known antiemetic properties, and

patients awaken from anaesthesia without confusion or

headache.35,36 In our study, PONV episodes in hospital

and during the first 24 h were significantly reduced in the

study group, but were not correlated with anaesthesia

time. This finding was supported by Gürkan et al3 in a

study of children given propofol/N2O or sevoflurane

anaesthesia (Po0.005 and Po0.05, respectively), and by

Reimer et al37 in patients given propofol or thiopentone/

halothane.

Postoperative pain differed significantly between the

groups, and the majority of the control group needed

analgesic treatment in hospital and at home. In the series

of Steele et al,19 half the patients reported mild (42%) to

moderate (8%) pain following EOM traction, and Boscia

et al21 noted that their patients reported (mild) pain only

during bipolar cauterization and conjunctival closure.

The relatively low rates of PONV and pain in our sub-

Tenon’s anaesthesia group and their more rapid recovery

probably accounted for their higher satisfaction

compared to controls. The physician, too, was more

satisfied with the local anaesthesia technique, which

avoided anaesthesia-related operating difficulties and

adverse intraoperative patient reactions. None of the

patients scheduled for local anaesthesia had to be

switched to general anaesthesia. We speculate that the

deep sedation level allowed the clinician better control of

patient well-being and haemodynamic stability. Boscia

et al21 reported slight operative (surgeon) difficulty in 66

of their 67 cases and moderate difficulty in one case.

General side effects of propofol include hypotension,

respiratory depression, apnea, and risk of aspiration. Our

use of a nasal tube prevented the airway obstruction and

patient agitation during surgery that may be caused by

respiratory depression or apnea. Several authors38–41

reported retinal and ophthalmic artery occlusion after

sub-Tenon’s anaesthesia, presumably due to an elevation

in ocular and orbital pressure above the mean

ophthalmic artery or central retinal artery pressure. This

complication may be transient38,39 or associated with

other complications, such as vertical diplopia (consistent

with restriction of the inferior rectus muscles),40 in

addition to orbital haemorrhage, orbital cellulitis, and

central nervous system depression,41 Feibel and Guyton38

suggested other possible mechanisms of retinal damage

by sub-Tenon’s block, such as pressure on the central

retinal artery or posterior ciliary arteries, or ocular

vasoconstriction, leading to a decrease in ocular blood

flow and a consequent reduction in ocular pulse

amplitude and pulsatile blood flow. However, none of

our patients sustained serious ocular injury, except for an

edematous reaction of the Tenon’s capsule and

conjunctiva in the injected area. This may be attributable

to our precautionary steps, namely, injecting no more
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than 3–4 ml of the mixture, not too posteriorly and not

forcibly.

In conclusion, we recommend the use of local sub-

Tenon’s injection of lidocaine-mercaine with propofol

sedation for induction and maintenance of anaesthesia

during primary unilateral or bilateral strabismus surgery

in adults, including patients with a high anaesthetic risk.
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