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The effect of rectus muscle recession, resection and plication on
anterior segment circulation in humans
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Abstract

Background—~Plication is an alternative tightening procedure to resection. In monkeys,
plication has been shown to preserve anterior segment circulation compared with full-tendon
tenotomy, but this is unconfirmed in humans.

Purpose—To evaluate anterior segment circulation by iris angiography before and after
strabismus surgery in humans.

Methods—Prospective, blinded study of 14 patients (mean age (SD), 58.6 (14.3)) undergoing
plication and/ or full tendon tenotomy (resection or recession) from August 2013 to March 2014.
Eight patients (mean age (SD), 59.0 (13.3)) underwent plication of one muscle with or without
recession of a second muscle on the same eye and six patients (mean age (SD), 58.2 (16.8))
underwent tenotomy of one to two muscles on the same eye. Preoperative and postoperative iris
angiograms were compared for changes in perfusion by a masked examiner. In patients
undergoing binocular surgery, one eye was chosen preoperatively to be the study eye.

Results—Postoperative iris filling defects were present in four patients (67%) after tenotomy and
one patient (12.5%) after plication (p=0.09). Of the seven total vertical rectus muscles operated
(three tenotomies and four plications), filling defects were present after three tenotomies and one
plication (100% vs 25%; p=0.14). Of the 13 total horizontal rectus muscles operated (eight
tenotomies and five plications), filling defects were present after one tenotomy and none of the
plications (13% vs 0%; p=0.99).
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Conclusions—Rectus muscle plication spares the ciliary vessels and may be considered a safer
alternative to resection for patients at risk for anterior segment ischaemia, especially when surgery
involves a vertical rectus muscle.

INTRODUCTION

Anterior segment ischaemia (ASI) is a rare but potentially serious complication of
strabismus surgery. While ASI is more common after disinsertion of three or four rectus
muscles,2 it has also been reported in surgeries involving only two rectus muscles.3-° Risk
factors for ASI include older age, atherosclerosis, previous strabismus or retinal detachment
surgery, haematological disorders that increase blood viscosity, thyroid ophthalmopathy and
limbal conjunctival incision.®

Plication is a tightening procedure in which the muscle is not disinserted from the globe but,
rather, folded and sutured to the sclera at the muscle insertion.” Plication has been shown to
have a similar surgical effect per millimetre as resection for treatment of esotropia and
exotropia.®

Advantages of plication include absence of risk of lost muscle, reversibility in the early
postoperative period and potentially less disruption of the anterior ciliary arteries (ACA).°
Interest in muscle plication is increasing for these reasons, especially among those using
minimally invasive techniques and topical anaesthesia.?10 However, it is not known whether
the blood supply is truly preserved compared with traditional rectus muscle resections.

Iris angiography in monkeys has shown that plication spares anterior segment
circulation,1112 put this is unconfirmed in humans. This study employed anterior segment
iris angiography in patients to evaluate changes in anterior segment circulation after rectus
muscle plication compared with traditional techniques requiring full tendon tenotomy
(recession and resection).

METHODS

This study was approved by the University of California, Los Angeles institutional review
board, and conformed to the requirements of the US Health Insurance Portability and
Accountability Act. Informed consent was received from participants. Patients over the age
of 18 years scheduled to undergo strabismus surgery (rectus muscle resection, recession or
plication) were recruited from the clinics of two of the authors ( JLD and FGV) during
preoperative visits. Surgical techniques were chosen based upon clinical factors and surgeon
preference. Data were collected relating to age, sex, history of prior ocular surgery and
comorbid conditions. When binocular surgery was performed, one eye was chosen
preoperatively as the study eye.

Patients were analysed as a tenotomy group, which included full tendon recessions and
resections, and a plication group, which included patients having plications only as well as
combined plication/recession (plication of one muscle and recession of a second muscle) on
the same eye. Surgery technique was standardised for resection, recession and plication
among the surgeons, with the only difference being conjunctival incision type (paralimbal or
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fornix). Our technique for rectus muscle plication has been previously described.812 Briefly,
the muscle is hooked and connective tissue bluntly dissected posteriorly. Two single-armed
6-0 polyglactin 910 sutures are passed in a locking fashion through about 15% of each
muscle margin at the desired plication distance from the insertion as measured by callipers.
The sutures are then passed partial thickness through the sclera at corresponding poles of the
muscle insertion. An iris spatula is then placed between the tendon and the sutures forming a
fulcrum over which the anterior tendon is folded flat between the muscle and the globe. If an
adjustable technique is used, the suture ends are tied in a slipknot.

All patients underwent a preoperative iris angiogram a maximum of 1 month prior to
surgery, followed by a postoperative angiogram within 1 day of surgery. Pilocarpine 1% was
instilled into the study eye 15 min prior to angiography. Patients with light irides had
fluorescein angiograms and patients with dark irides had indocyanine green (ICG)
angiograms because ICG better detects perfusion changes in darker pigmented irides.14
Trained ophthalmic photographers employed the Heidelberg Spectralis (Heidelberg
Engineering, Heidelberg, Germany) camera to obtain anterior segment angiography after
intravenous administration at 1 mL/s of ICG (4 mL at 12.5 mg/mL) or fluorescein (5 mL at
100 mg/mL). A 1 min video was taken after dye injection (see online supplementary video
1). Still images were then obtained at 15 s —30 s intervals over the following 4 min. Iris
angiograms were analysed for filling delay or defects by one of the authors (SLP) who was
unaware of the surgical procedure performed.

RESULTS

A total of 14 patients were recruited (age 58.6+14.3 years, 7 women) who underwent
surgery on a total of 20 muscles. Six patients had only tenotomy (resection or recession):
two lateral rectus (LR), two superior rectus (SR), one combined inferior rectus (IR) and LR,
one combined medial rectus (MR) and LR. Five patients had only plications: two IR, two
LR, one combined IR/LR. Three patients had combined plication of one muscle and
recession of a second muscle on the same eye: two MR/LR and one IR/LR. The individual
patient characteristics are presented in table 1. Plication amounts were 4-4.5 mm for the LR,
5 mm for the MR and 2.5-7 mm for the IR. All patients were operated under general
anaesthesia.

The plication and tenotomy groups had similar age, sex, history of prior ocular surgery,
vascular risk factors and conjunctival incision type. Past ocular surgeries that were
considered significant were those with potential to alter anterior segment circulation and
included vitrectomy, radioactive plaque placement, trabeculectomy and prior rectus muscle
surgery. A history of prior clear corneal incision cataract surgery or isolated oblique muscle
surgery was not considered significant. VVascular risk factors included hypertension,
hypercholesterolaemia, diabetes and rheumatoid arthritis. Preoperative angiograms
demonstrated no evidence of iris-filling defects or delays.

There were postoperative iris-filling defects in four of six patients in the tenotomy-only
group, and in one of eight patients in the plication group (p=0.09, Fisher Exact test, table 2).
Figure 1 for Patient 14 shows a normal preoperative iris angiogram, but a filling defect in
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the distribution of the SR following SR recession. Figure 2 shows Patient 4 who had normal
iris perfusion following IR plication. The single patient (Patient 8) in the plication group
with a filling defect had an IR plication and LR recession with no obvious damage to the
ciliary vessels observed during surgery (figure 3).

There were 20 individual muscles operated, including three vertical tenotomies, four vertical
plications, eight horizontal tenotomies and five horizontal rectus plications. There were
filling defects in the distribution of all three vertical tenotomies and in one of the four
vertical plications (p=0.14, Fisher Exact test). There were filling defects in distribution of
one of the eight horizontal tenotomies and in none of the horizontal plications (p=0.99,
Fisher Exact test, table 2). The single patient (Patient 10) with a filling defect after
horizontal tenotomy was a 36-year-old woman with a history of prior strabismus surgery
(unknown muscle combinations) who had an isolated LR recession.

There were no significant differences in age, sex, history of prior ocular surgery, vascular
risk factors or conjunctival incision between the patients with filling defects and those
without filling defects. No patients showed postoperative flare, corneal oedema, iridoplegia
or hypotony that would have been interpreted as clinical signs of ASI.

DISCUSSION

To the best knowledge of the authors, this study is the first to confirm preservation of
anterior segment circulation after rectus plication in humans. Similar to prior iris
angiography studies after strabismus surgery, we found more postoperative iris-filling
defects after vertical rectus than horizontal rectus tenotomy, emphasising the important role
of the two long posterior ciliary arteries (LPCA) that run in the horizontal midline. There
were postoperative iris-filling defects after all vertical rectus muscle tenotomies and only
one after vertical rectus plication. The patient in the plication group (Patient 8) who showed
a postoperative iris-filling defect adjacent to the plicated IR also had LR recession (figure 3).
The surgery was uneventful and there was no obvious damage to the ciliary vessels during
the plication. This filling defect might have been from unobserved damage to the ciliary
vessels during either muscle suturing or folding, or possibly in combination with the
adjacent LR tenotomy.

Postoperative iris-filling defects were rare after horizontal tenotomy with only one patient
having a filling defect after LR recession (Patient 10). This patient was a 36-year-old woman
with no vascular risk factors but with a history of prior strabismus surgeries who underwent
isolated LR muscle recession. This highlights the fact that while blood flow changes after
horizontal rectus muscle tenotomy are uncommon, they may occur.

While ASI is a rare complication of strabismus surgery, its significant consequences force
surgeons to be cautious when operating on several rectus muscles or in patients with
vascular risk factors. Reported complications range from mild, self-limited iritis to severe
ischaemic changes, such as iris atrophy, keratopathy, posterior synechiae, cataract and even
phthisis bulbi.®
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Anterior segment perfusion comes from a combination of the ACA and the LPCAs. The
ACAs run along the rectus muscles and have been estimated to provide 70%-80% of the
blood supply to the anterior segment.1® The two LPCAs supply the remainder of the anterior
segment blood supply and have an intrascleral course beneath the medial and LR muscles.18
Careful surgical dissection of the ACAs during muscle surgery has been shown to preserve
anterior segment circulation.1’

The first in vivo study of anterior segment circulation in human subjects, after strabismus
surgery, was done by Hayreh and Scott in 1978.16 Using fluorescein angiography, they
investigated the effect on anterior segment circulation after tenotomy of one or more rectus
muscles and found no changes in iris perfusion with tenotomy of the horizontal rectus
muscles, but significant changes after vertical rectus surgery. The authors hypothesised that
their results were due to absence of superior or inferior LPCAs.

Similar results were found by Chan et all4 by ICG angiography after strabismus surgery in
45 patients. There was a 57% prevalence of immediate postoperative filling defects after
primary vertical or combined vertical/horizontal muscle surgery, but no filling defects after
horizontal surgery. Other studies also confirmed the increased incidence of ischaemia after
vertical rectus surgery.11819 In rabbits, Bagheri et al2 found no composition of rectus muscle
surgeries that increased risk of ASI in the two-muscle group, though all two-muscle cases
with ASI involved surgery on adjacent muscles. Iris angiography was not used in this study
to look for subclinical changes in anterior segment circulation.

It is evident from prior studies that both patient susceptibility as well as the combination and
total number of muscles disinserted from the globe are major variables in the incidence of
ASI.26 Conjunctival incision location may also be a variable with higher rates of ischaemia
seen after limbal incision compared with fornix incision in an animal model.2° Our study did
not reveal a significant increase in postoperative perfusion defects after limbal incision
compared with fornix incision, though it was not powered to study this relationship.

This study is limited by its relatively small sample size and that it does not include all
possible combinations of muscle surgery. Another limitation is that the study examined only
the immediate effects of surgery on anterior segment circulation. There is a theoretical
question, that changes to blood flow may arise later when folded muscles begin to scar. This
question was addressed in a monkey study by Park et all! that showed no hypoperfusion in
the distribution of plicated muscles on serial angiograms up to 16 weeks postoperatively.
Future studies could include serial iris angiograms after plication to detect possible late
perfusion changes. However, late clinical evidence of ASI has not been reported.

In conclusion, rectus muscle plication preserves anterior segment circulation. This procedure
may be considered a safer alternative to resection in patients at risk for ASI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Patient 14, superior rectus recession. (A) Preoperative iris angiogram at 45 s showing a

normal perfusion. (B) Postoperative iris angiogram at 37 s showing a filling defect
superiorly (arrow).
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Figure 2.
Patient 4, inferior rectus plication. (A) Preoperative iris angiogram at 37 s showing normal

perfusion. (B) Postoperative iris angiogram at 35 s. No filling defect after inferior rectus
plication.
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Figure 3.
Patient 8, inferior rectus plication and lateral rectus recession, right eye. (A) Preoperative

iris angiogram at 35 s showing a normal perfusion. (B) Postoperative iris angiogram at 44 s
showing a filling defect inferiorly (arrow).

Br J Ophthalmol. Author manuscript; available in PMC 2016 April 01.



Page 10

Oltraetal.

'snyoal Jouadns

“4S ‘anbijqo Jouadns ‘OS ‘SN1vaa JOLIBUI IYBLI ‘Y 1Y ‘SM0a [eIpall "HIAl ‘SNoal [Jale] ‘YT ‘SN10al JoLisyul ‘Y| ‘anbijqo Jousjul ‘O] ‘uoIsusladAY ‘NLH ‘elwse|olaisa|oyaladAy “TOH ‘smijsw saleqelp ‘g

1089p HS [equuij-ered 3UON Awolous) HIY %085 uoIssadal YS E| 19 T
3UON X1U104 3UON UOISS83l YIN  UOIJ3Sal YAl ‘UOISS8dal Y N oy €T
103J8p S [equilj-ered N1H uolsssdal Ol uolIssadal Ys N 8. T
108)8p H| X1u104 TOH Awoyos|ndagel) ‘AWoloaillA  UONJ3Sa) YT ‘UOISSadal Y| 4 65 1T
(umous| Jou sajasnw)
10859p ¥ [equuij-esed aUON sa11ahINS SNWSIge.S SNOIAaId uoISSa23l Y 4 9 0T
SUON lequui]-esed NLH auou uonoa8sal ¥ 4 69 6 dnoio Awojous |
198)9p M| [equij-ered  ash 029eqo} ‘INQ ‘NLH Uo139958J Y ‘UOISSaIBI YN uoISSa2a1 Y7 ‘uonrealld ¥| N /9 8
aUON [equiij-esed  X0.1S d1WALYISI “TOH auou  UoIssadal Y ‘uonedlid YN 4 89 /
SUON lequui]-esed Wa-aid ‘N1H anbe|d aAnoeoipey  UOISSadal ¥ ‘uoieald YN N 09 9
SUON [equij-esed TOH ‘NL1H uolIssadal YN uonedl|d ¥ N 9 g
aUON [equuij-esed AUON  UOI193sal YIAl ‘U0ISS8dal YS pue ¥ Awoldaua) OS ‘uonedlid y| N 0. v
3UON [equuij-ered SHHYNY plojewnayy 8UON uoneaidd ¥ E| 29 €
apjong [eJa]9s ‘Awo1daIA
aUON X1U104 T0H ‘uo1asal YN ‘U0ISSadBI Y uoneol|d yi N 8y ¢
3UON X1u1o4 3UON U0ISS3231 YS ‘U0ISSadal HIN uoneal|d Y| pue ¥ 4 € 1 dnoio uoneolld
199J0p uosnyied anleodosod adAluolsiou|  SIoloe) XSI fejnose A ARbBIns renoo Jolid powlojied ABBINS  xos  aby  Jequinu jusiled

Author Manuscript

T alqel

Author Manuscript

SoNs1Ia10RIRYD 1UBNed [enpIAIpU|

Author Manuscript

Author Manuscript

Br J Ophthalmol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Oltraetal.

Table 2

Postoperative iris angiography results

Filling defect (%) p Value

By patient
Plication (n=8)
Recess/resect (n=6)
By muscle

Vertical plication (n=4)

Vertical recess/resect (n=3) 3 (100)
Horizontal plication (n=5) 0 0.99*

Horizontal recess/resect (n=8) 1 (13)

1(12.5) 009"
4(67)
1(29) 0.14°

*
Fisher Exact Test.
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