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he debate among strabismus surgeons about the
optimal timing for adjustment of extraocular mus-
cle (EOM) position after adjustable suture strabis-

mus surgery has been ongoing. One stage intraoperative
adjustable suture technique with the patient under local
anesthesia has been advocated.1-3 Major concerns when
considering postoperative adjustment soon after general
anesthesia include patient cooperation, vasovagal respons-
es, ease of suture adjustment, and pain during adjust-
ment.4-8 With the advances in anesthesia, which promotes
rapid recovery, and new antiemetic and analgesic medica-
tions,9-14 it would be beneficial to determine the optimum
timing for suture adjustment following outpatient strabis-

mus surgery. The 2 most common practices are to perform
the adjustment on the same day before discharge or the
following morning.15 The possible advantages of earlier
adjustment include that the patient does not return to the
hospital the next day; no long sutures are in the eye
overnight, causing more irritation; and the surgeon is
already in the hospital that day. The possible advantages of
later adjustment include more accurate adjustment, better
long-term alignment, and absence of anesthetic effects.
Our purpose is to compare these practices to determine an
optimum timing for adjustment after strabismus surgery.

PATIENTS AND METHODS
A prospective observational study was carried out in 2
comparable groups, each with 40 patients undergoing
adjustable suture technique strabismus surgery. This pop-
ulation of 80 patients had the power of an effect size of
0.63, with an α of .05 and a β of .20. The effect size (ie, the
ratio of the difference between the means to the standard
deviation) indicates the power of the study.

All surgery was conducted as an outpatient procedure
and carried out in the morning, with adjustment per-
formed either the same day of the surgery, 6 to 8 hours
postoperatively (group A), or the next day, 20 to 26 hours
postoperatively (group B). Group A patients corresponded
to 40 consecutive patients from the practice of one of the
surgeons (S.J.I.). Group B patients corresponded to 40
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consecutive patients from the practice of another surgeon
(A.L.R.). The operations were performed by the same sur-
geon for each group.

All patients underwent the same surgical technique.
The surgical protocol was standardized and used a limbal
conjunctival approach with radial relaxing incisions. The
EOM was exposed and the suture was placed from the
middle of the extraocular muscle tendon 1 mm above the
sclera and locked at both ends. The needles were inserted
within the sclera at each end of the insertion. A double
throw knot was placed, followed by a slipknot. Another
suture was fashioned as a bucket-handle on the sclera ante-
rior to the tendon insertion for rotation of the eye dur-
ing adjustment, if necessary. All sutures used were 6/0
polyglactin sutures. The conjunctival wound was partially
closed with four, 8/0 dexon sutures. In reoperation cases
only, 0.5 mL (24 mg/mL) of dexamethasone was injected
around the muscle at the end of the procedure. The eye
was covered postoperatively with a dressing until adjust-
ment time. No patches were required after adjustment.
Topical tetracaine was applied before adjustment. An inde-
pendent observer assessed the difficulty of suture adjust-
ment. Topical prednisolone-gentamicin eye drops were
used by the patient 3 times per day for 2 weeks after surgery.

The anesthetic management was standardized. For chil-
dren, 0.5 mg of midazolam was given either orally or rec-
tally. Sevoflurane was used for masked induction. A laryn-
geal mask airway was inserted. Anesthesia was maintained
with a propofol infusion and 60% nitrous oxide and oxy-
gen. The initial propofol dose, 150 µg/kg per minute, was
tapered to 100 µg and then 50 µg for the last 10 to 15 min-
utes. Analgesia and anesthesia were supplemented with 2
to 3 µg/kg of fentanyl and 20 mg/kg of rectal acet-
aminophen (given just after induction). Prophylactic
ondansetron was given to those patients with a history of
prior postoperative nausea and vomiting, motion sickness,
or extreme anxiety. Postoperative analgesia was provided
with intravenous fentanyl, 0.5 to 1.0 µg/kg intravenously
every 5 minutes, until the pain subsided.

For adults, the anesthetic protocol was similar. They
were given 1 to 3 mg of intravenous midazolam for pre-
medication and underwent an intravenous induction
with 1.5 to 2 mg/kg of propofol. A propofol infusion was
used for maintenance as described previously, as well as
2 to 3 µg of fentanyl. Ondansetron was used prophylac-
tically for the indications mentioned previously. Doses
of 30 to 60 mg of ketorolac were given halfway through
the surgery to provide postoperative analgesia. The post-
operative pain relief regimen was the same as that for
children.

Prescribed oral postoperative analgesia and antiemetic
agents were administered as needed by nurses who were
unaware of the trial.

Before adjustment, a record of postoperative medica-
tion use was made, and the patient was asked to score the
degree of pain experienced. This was done on a visual ana-

logue scale with a range of zero to 10: a score of zero indi-
cated that the patient was completely pain free, and a score
of 10 indicated that the patient had the most severe pain
ever experienced, as described elsewhere by Crandall et
al.16 Second and third pain scores were taken during and at
completion of adjustment (Figure).

An independent observer (an ophthalmology resident
or a pediatric ophthalmology fellow) assessed the difficul-
ty of the adjustment, ie, repositioning the muscle for either
recession or advancement, by using a scale with a range of
zero to 5, based on 5 variables: difficulty repositioning the
muscle, patient discomfort, pain, vagal symptoms, and
complications during the adjustment. One point was given
to each variable if it occurred during the adjustment. A
score of zero indicated no difficulty and a score of 5 indi-
cated the most difficult adjustment.

Group A was adjusted the same day of the surgery, 6 to
8 hours after the operation, and group B was adjusted on
the next day, 20 to 26 hours after the operation. The
patients were sufficiently alert and comfortable before dis-
charge. All patients were asked to comment on any specif-
ic non-ocular discomfort experienced. Systemic analgesia
(paracetamol) was prescribed routinely for postoperative
pain relief if required, and its use was recorded.

Alignment was measured preoperatively and postopera-
tively at 6 weeks in both groups. Successful alignment was
defined as 10 PD or less for horizontal deviations and 5
PD for vertical deviations.

RESULTS
The details of groups A and B, including the number of
patients, male to female ratio, mean age at surgery, previ-
ous history of strabismus or ophthalmic procedures, num-
ber of eyes and EOMs operated on, number of EOMs
undergoing adjustment, and type of adjustment (advance-
ment or recession), are summarized in Table 1. Of 80

FIGURE. Subjective pain scale.
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TABLE 2. Pain score and analgesic use

Group A Group B

No. of cases Mean ± SD No. of cases Mean ± SD P value

Pain
Pre-adjustment

Grades
0 14 0 ± 0 19 0 ± 0 .2
1-3 13 2.1 ± 0.7 12 2.5 ± 0.6 .8
4-7 13 4.4 ± 0.8 9 5.1 ± 1.3 .3
8-10 0 0

Overall 2.1 ± 1.9 1.9 ± 2.2 .7
Peri-adjustment

Grades
0 20 0 ± 0 21 0 ± 0 .8
1-3 16 2.2 ± 0.7 14 2.2 ± 0.6 .6
4-7 4 5.7 ± 1.5 5 5 ± 0 .7
8-10 0 0

Overall 1.5 ± 1.9 1.4 ± 1.8 .8
Post-adjustment

Grades 
0 18 0 ± 0 23 0 ± 0 .2
1-3 15 2.0 ± 0.8 14 2.0 ± 0.7 .8
4-7 7 5.4 ± 1.1 3 4.3 ± 0.5 .1
8-10 0 0

Overall 1.6 ± 1.9 1.0 ± 1.4 .1

No. of cases % No. of cases % P value

Analgesic use
Pre-adjustment

No oral analgesic 82.5% 45%
Oral analgesia 17.5% 55%
Overall .00008

First 24 hours after surgery
(post-adjustment in group A)
No oral analgesic 44% 45%
Oral analgesia 56% 55%
Overall .8

Nausea and vomiting 9 2 .02

TABLE 1. Surgical data

Group A Group B

No. of cases Mean ± SD No. of cases Mean ± SD P value

Preoperative data
Age at surgery, y 40 38.3 ± 21.4 40 53.7 ± 15.6 .005
Female:male 18:22 19:21 .8
Previous strabismus surgery 19 0.8 ± 1.5 27 1.0 ± 0.9 .6

Operative data
No. of eyes operated 59 1.4 ± 0.5 65 1.6 ± 0.4 .1
No. of EOM operated 86 2.1 ± 0.7 88 2.2 ± 0.7 .7

Adjustment data
No. of EOM adjusted 15 21 .2
Amount of recession, mm 10 1.6 ± 0.7 9 1.3 ± 0.5 .3
Amount of advancement, mm 5 2.2 ± 1.6 12 1.1 ± 0.3 .06
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patients studied, 43 were men and 37 women. There was a
significant difference between groups for mean age at
surgery, 38.3 ± 21.4 years in group A and 53.7 ± 15.6 years
in group B (P = .005, Student t test). The male to female
ratio and the number of previous strabismus surgery were
similar between the 2 groups (P > .05). Fifteen patients in
group A and 21 in group B required further adjustment
after surgery (P = .2). No significant differences were found
for the amount in millimeters of postoperative recession (P =
.3) or advancement (P = .06) required between the 2 groups.

The range of pre-, peri-, and post-adjustment pain
scores from the visual analogue scale of the 2 groups is pre-
sented in Table 2. The data were not significantly different
by Student t test and χ2 test (P > .05).

The information regarding the operation, including the
amount of pre-adjustment topical and systemic analgesia
required and the number of cases of nausea and vomiting,
are shown in Table 2. In regards to analgesia, the only
finding that was statistically significant between the 2
groups was the number of patients who required oral anal-
gesics postoperatively before undergoing adjustment, 7 of
40 patients in group A and 22 of 40 in group B (P = .004).
This difference disappeared when we compared the num-
ber of patients who required oral analgesia in the first 24
hours after surgery, regardless of the time of adjustment.
Nausea or vomiting during adjustment were statistically
less common in group B patients (P = .02).

Table 3 shows the range of adjustment difficulty score
for advancements and recessions in groups A and B. The
results were not significantly different in the advancement
group or in the recession group (P > .05).

For both groups, the final postoperative alignment
results 6 weeks after surgery are shown in Table 4. In both

groups, more than 80% of the patients were aligned with-
in 10 PD horizontally and 5 PD vertically of orthophoria.
They were no significant differences between the groups.

DISCUSSION
We found that more patients who had adjustment the fol-
lowing day required systemic analgesic before adjustment
than those who had adjustment the same day (P = .003).
This difference may be explained by a shorter period of
time between the surgical procedure and the postoperative
adjustment and the lingering effect of long half-life anal-
gesics administered during the surgical procedure in
patients undergoing early postoperative adjustment. No
differences were found between the groups in analgesic
requirement during the first 24 hours after surgery.

In patients who underwent postoperative adjustment in
which further recession or advancement was performed,
pain scores and adjustment difficulties were not significant-
ly different between the groups (P > .05). The only signifi-
cant differences that we found were in patients who did not
require postoperative adjustment. Of the patients in both
groups who had their sutures tied and cut only the day after
surgery, group B patients experienced less pain when the
sutures were being removed than group A patients (P = .01).
This difference is not related to the traction on the muscle.
Because the patients in group A were younger, they may
have had a higher level of anxiety and sensitivity to external
factors, such as light, touching, or pressure sensations.

Group B patients had a significantly lower frequency of
nausea or vomiting. This difference was significant only for
those patients who did not require postoperative adjustment
(P = .02). Therefore, these vasovagal response symptoms can-
not be explained by traction on the muscle. Although this

TABLE 3. Adjustment difficulty score

Group A Group B

No. of cases Mean ± SD No. of cases Mean ± SD P value

Recession
Grades

0 2 0 ± 0 6 0 ± 0 .6
1 5 1.2 ± 0.04 3 1.3 ± 0.5 .3
2 2 2.7 ± 0.3 0 .1
3 0 0
4 0 0 
5 0 0 

Overall 1.1 ± 1.05 0.4 ± 0.7 .1
Advancement

Grades
0 2 0 ± 0 5 0 ± 0 .9
1 1 1.5 ± 0 5 1.1 ± 0.2 .3
2 2 2.7 ± 0.3 1 2.5 ± 0 .1
3 0 1 4.0 ± 0 .4
4 0 0
5 0 0

Overall 1.4 ± 1.3 1.0 ± 1.2 .5
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could be an effect from general anesthesia, this difference
could also be attributed to the overall younger age of group A,
which may predispose this population to nausea and vomiting.

The postoperative alignment at 6 weeks (Table 4) was
not significantly different between the 2 groups in our
series. Spierer17 reported no differences in the postopera-
tive alignment after a follow-up period of 19.6 months (6-
40 months) between 2 groups of patients who underwent
adjustable suture strabismus surgery performed either 8
hours (group 1) or 24 hours (group 2) after surgery.17

The surgical technique of adjustable suture in strabis-
mus surgery was popularized by Jampolsky in 1975.18

With further modifications of the method by different
authors,19-23 this technique has increased the success rate
over traditional surgery by 15% to 20% for complicated
strabismus, reoperations, and restrictive and paralytic stra-
bismus.18-26

Performing postoperative adjustment of the operated
muscle may subject the patient to some discomfort, anxiety,
and vasovagal or oculocardiac reflexes.7,8 To address these
potential problems, various surgical and anesthetic tech-
niques have been attempted to minimize these factors.

The surgical technique can be performed as either a one
or two stage technique, with the use of either local or gen-
eral anesthesia. In a one stage technique, the surgeon per-
forms adjustment of the suture in the operating room by
using topical anesthesia. In a two stage technique, the
amount of muscle recession or resection is performed at
the time of the surgery and then adjusted some time later.
After induction of local anesthesia with either retrobulbar
or peribulbar 2% lidocaine combined with hyaluronidase,
the operated EOM function required a recovery time of at
least 5 to 6 hours after surgery so that the surgeon could
properly perform the adjustable technique.27 Conscious
sedation, with the use of either intravenous fentanyl or
sufentanil and topical mepivacaine, was found to be a safe
and effective alternative to general anesthesia.28

In their one stage adjustment with local anesthesia,
Ruben and Elston1 used topical amethocaine 1% and sub-
conjunctival 2% lidocaine with adrenaline over the inser-
tions of the operated muscles in 6 patients. Because 2
patients had severe postoperative pain, they recommended
this technique for a single vertical muscle recession due to
the limitation of surgical time, visual factors, reduced fixa-
tion distance target for the adjustment, and the effect of
local anesthesia on muscle contractility.1

Biglan et al2 reported a one stage procedure that used top-
ical proparacaine hydrochloride, subconjunctival mepiv-
acaine hydrochloride over the incision site and near the rec-
tus muscle insertions, and intravenous sedation with a com-
bination of midazolam, fentanyl, and propofol. Two of their
25 patients were converted to retrobulbar anesthesia because
of discomfort, and 2 patients developed a secondary devia-
tion because of the spread of the anesthetic. However, in
another report of the one stage local anesthetic technique by
Rauz et al,3 8 patients had vertical muscle surgery only, with
minimal discomfort and good alignment postoperatively.

A recent advance in one stage adjustment, which used total
intravenous anesthesia with propofol (as an induction and
maintenance agent) for strabismus surgery in children, was
found to be superior to halothane on the rapidity of recovery
and incidence of postoperative vomiting.9,12,13 Ward et al9
studied 29 patients who underwent one stage adjustment with
total intravenous anesthesia with propofol and mivacurium.
All were aligned within 12 PD of orthophoria when adjust-
ment was performed immediately after completion of
surgery. They reported that the measured deviation changed
6 PD or less horizontally in 78% of patients and 3 PD or less
vertically in 70% of patients. In our study, the postoperative
alignment was similar in both groups.

Our experience with propofol for adjustable suture
surgery was similar to that of Luff et al.29 They reported 30
patients who had two stage outpatient surgery with propofol
induction, maintained by enflurane and nitrous oxide with a
laryngeal mask. All of the patients were adjusted at a mean of
less than 5 hours after surgery. Only 1 patient required a
postoperative antiemetic medication. No significant nausea
was reported before and after adjustment. In our study, only
11 patients had mild nausea and vomiting in both groups.

Holmes and Townshend15 compared the peak force
required for adjustment in adjustable suture surgery per-
formed 15 minutes to 48 hours after the operation in rab-
bits. The force required for adjustment at 24 hours and
beyond was greater than the maximal force generated by
the EOM. They suggested that the postoperative adjust-
ment should be performed within the first 24 hours. This
animal model study correlated with our clinical series,
because the ease of the adjustment was not statistically sig-
nificant between the 2 groups and nearly all patients were
adjusted within the 24-hour period.

In our series, 36 of the 80 (45%) patients required post-
operative adjustment. Of those, 24 (66%) had a history of
previous EOM surgery. Wygnanski-Jaffe et al30 reported
that 40% of patients will require adjustment after adjust-
able suture strabismus surgery. This percentage was high-
er in patients with a history of previous EOM surgery.

In conclusion, the surgeon can feel free to choose the
timing for postoperative adjustment. We found no differ-
ences between performing adjustment the same day of the
surgery or the next day in regards to pain before, during,
and after adjustment, to the ease of performing the adjust-
ment, and to the final alignment. The surgeon should be

TABLE 4. Postoperative alignment at 6 weeks

Group A Group B
cases cases P value

Orthotropia 15/40 17/40 .6
Horizontal deviation < 10 PD 35/40 38/40 .2
No previous surgery 17/21 14/14 .08
Vertical deviation < 5 PD 32/40 34/40 .5
No previous surgery 20/21 14/14 .4
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aware that the patient might need systemic analgesic med-
ications during the first 24 hours after surgery. If perform-
ing an early adjustment, the surgeon should be especially
prepared to control nausea and vomiting.
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An Eye on the Arts – The Arts on the Eye

... Ibn Khaldun commented on the evil eye, calling it a natural gift, some-
thing that is innate and not acquired, not depending upon the free choice of its
possessor. He ended his discussion as follows: “Therefore it has been said: ‘A
person who kills by means of sorcery or a miraculous act must be killed, but the
person who kills with the eyes must not be killed.’ The only reason for the dis-
tinction is that the person who kills with the eyes did not want or intend to do
so, nor could he have avoided doing so. The application of the eye was invol-
untary on his part.”

—Alan Dundes (from The Evil Eye: A Casebook p 260)


