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o The revalte of stendord and augreented suegicol

of  partial  aocommoditive  esafropie fueve heen
compared i this stedy.

Tre this sequeentiod wteled romdomized dovble Bind clinical
Irtid,  we sdwddied A8 patients (94 eves)  owith  partiol
accammadutive euefropie between e ages of T3 te 144 monihs,
referring o steahismns ofinic of Farabd Fye Hospital befween
§ OR300, Theve pativets were protuped acocording fe age degree
af fiyperapia and ACH ratle ard Suee were repdamly divided in
fwe standurd md ougmested  gronps (29 patients inoeach
grovip ). Al patienty were followed for af feast 0 menths after
stermalerred o angrmeeted  hiomedind recesvion with or withoud
inferine obligie weakening procedure. Fose operative visund
aondty, hyperoptn, eve deviofion, stereopsis, fuston ard ACA
ratie were compared  befween She two grounps. Fost operative
aceeptioble deviafion was afierved fe 37.3% and 8735% of firg
waek follow wp (P GO0 ), G665 e Y3% at Al week of
Jodlow g (P = 05, V1A% and 3T at G0 monif of fulles ap
vl significant [NS[) af potients In stendard and ougmented
wranips respectively,

Other results of standerd and aegmenied groups ore s
Soliow:

- Dmprovement of visual aeally fof feast sne fnel in §.3%
aned 208 (NN,

- Temprovemen! of fuiden in 8 oot oof L3 pofients (01.3%)
el f W ool 14 patients (GL3%0 NS )L

- Redwction of pest sperative Typeropia in 5 patients (12,
58k & 6 patienty [25%) (N.5)

- Reduction of ACA ratie in il patients with figlh ACH
randday, e el proips.

- fmprovement of stereapsiy e 2 of 18 patienry (F50%) and
f 3 of 13 patients [23%) N5

Thin sty shows Bt augpeested segery improvey orglerny
plrgrament, visual gouily, slereopsiy and fuston preater Sain e
sterasfared prowp, e with saotisdeally nsignificant difference,
wliiedt might be e to short durabion af follow ap aed e small
nwmber af caxes i ek grovup.
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Koy Werds: Partind uccomprndative ssotropiz, standard surgery.
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augmented surgery.

INTRODUCTION

Strabismus, or misalignment of the
comman  problem oo pediatric cphthalmalogy
pravalence of i1 s estimated 10 he up W 3%

preschoo]  children popuelyion (1) Barly
detection and management of this problen is of crucial
importanee and Faolure o do soomay lead o amblyvopia
and loss of hinocular vision (2). Bsotropit comprises
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B0% of all cases of strabismuos Approsamately 1.3 0
23% of esolropin cases are ol aecommodative 1y

(34 wnd  13%  of patents with accommoedative
esotropia  soffer  partinl - accommodative  esotropia

(FAET) (4). This group of patients may receive hoited
benefit  using  corrective This  tresiment,
NUWERLT, maing  mselfcient  in maost thus
cessitating  surgery (5 Consicdering
prevalence of esolropia, the impartance of
choice of surgical method

Elasses

CHISCS,
The: )
meticulous

becomes pa The

stundard method of surgery 5 osed mostly for these

paticnis (6). Undercorrection is a common result and i«

reported 10 oooar in 259 1o 499 al cases in different

studies {67y This  fact  has  convinced many
ophthalmoelogists e use augmented methed, which has

n

Aol

vielded good resulls in some studies but Bailed o others,
cspecily when used o correct cases with Typeropia ol
muore than 2.5 dioper (#).

Considering the exsisting controversy and ek ol
evidence about the superionity of either method in I

i conducted this climcal tnal on the palienis
suffering  trom PAET wha were  referred 1o

Strabismus Clinic of The Farabi Bve Fospi

Fae

thu

MATERIALS AND METHODS

In the period between December [99% o October
2000, all patients reporting 1o the Strabesmus Clinie of
Farahi Fye Hospital who bad esotropia m the cover tes
performed by the cvaluating  ophthalnologse were
referred  for  evaluation  of Thiose
hyperapia on evaluation with eycloplegic drop o and
hose strabismus was not corrected completely even
cycloplegic  glasses
seguential matched  randomized  double Blind climeal

relraction. with

[ull were  nchsded inoa
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triath if met the following inclusion criterin;

- Age gl the onsct of problem between 4 nonths 1o
T oyears and age at the tme of visit less than 12 years.

- Dyperopia (spherteal equivalent) of more than ar
crual e 3 dioper,

- Wearing full eyeloplege glasses Tor at
menth.

- lropia of more than
correating glusscs.

atients  with  nwstagmus.  unireated  amblyopla,
verlical [ropia of more than 5 prism diopter, history of
previcws aphthalmologionl surgery, extrancoular muscles
paralysis, or any ather neorological or systemic organic
detect were excluded,

After oblaining  written  informed  consent from
parents, complete eve examination was done forall
subjects including visual avwty testing with Snellen chart
and  C5M method  for younger children,  complete
examination  with - st lamp  biomicroscope,  und
funduscopy with indirect  ophthalmoscope. Hyperopia
was measured  inooall children 300 minotes  aller
administeation  of  eowclopentolate eve drops (0375
soluton lor children under the age of & moenths and 1%
sulution for older children) 3 times 5 minuwtes,

Fusion was tested by Waorth Four D (W4D7 test
for near (33 em) and far (Am1) distances whenever
possile. Stereapsis was also lested with Tinmus methed
whenewer possinle,

Frism alte¢rnate vover test was used for evaluation
of deviation while wearing the corrective glasses for [ar
and near distanoces by orthoptise.

Climical ACYA matio was determined based on 1he
diffcrence of far and near distancs  deviation with
correclive glasses and cases with rato of less than 10
were considered normal.

All subjects had wvsed Tull cycloplegie glasses for al
least one month and in case of amblvopia were treated
before cperation so that they had developed alternate
dleviation.

Age, pender, age al onsct of problem, deration of
preoperation follow up, daration of wearing  plasses
prior b surgery, cdegree of byperopia,  degree  of
deviation, ACMA ratio, stereopsis, [usion and suraery
typ were recorded for all putents, Siv blocks were built
hased onoage, ACKA ratio and degree of hyperopia as
follows:

Block 1) Age < 5 years, normal ACA, Hyperopo
35D Block 2) Ager 5-12 years, normal  ACYA,
Hyperopia; 3-513; Block 3) Ape < 3 yoars, high AC/A,
Hyperopia; 3-510; Block 4) Age: 5-12 vears, high ACA,
Hyperopuy, 3-50), Block 33 Age <5 wvears, normal
AUA, Flyperopia=> 500 Block 63 Age 0 3-12 yeurs,
normal ACA, Hyperapia = S0

All subjects were assipned 0 one of the blocks.
subjects it cach block were randomby allocated into
standard and augmented surgery method proops. One

least

W prism diopter with

iy

surgeon performed all surgeries hased on Marshall
furks table. In case of apparent hilateral hyvperactivily
of inferior obligue muscles, inferior obligue  muscle
wenkening wias also performed.

Twenty lour patiemt underwent standard surgery
(based on the average deviation of far and  near
distanees with corrective and 24 patients
underwent gugmented surpery (based on the average
deviation of near distance with and without correetive
plasses),

Follow up sessions were held 1 day, 1 week, 6 weeks
and 6 months after the operation. Visual acuity and
deviation were tested inoeach follow up. Hyperopia was
tested & weeks after operation and on the 6th month
visil, hwperopia, stereapsis, fusion and AC/A were
evvaluated. Bealuations  were  performed an
ophthalmologist who was blinded to the treatment
aroup (surgery type) of the patients, Patients were also
biinded 1o their reatment methad {double blind).

Clpumatl resalts were delined as residual desiation
of cqual tooor less than 10 prism diopter with corrective
wses and presence of Tusion and stereopsis. Poor
alts were detined as residual deviation of more than
L prism diopler with corrective glasses and lack of
fusion or presence of suppression. Group differences
were tested  using MeNemar's testoand  CM-Square
testing was used 1o statistically compare the two AP,

glasses)

by

RESULTS

The study was carried oul on 48 subjects, 24
subjects inoeach group. Table | osummarizes  the
demographic and clinical characteristics of the siudy
population. As seen in this table, the two groups are
not significantly  different with regard o the ape,
gender, hyperopia, ACA ratio, age at ansel ol prablem,
duration of wearing glasses hefore  aperation, visoal
acuily, and preoperative deviation [Table 1.

Postoperative  alignment: Fuore 1 compares the
results ol the two surgery methods  for optimal
deviation for each follow up visit. As shown in his
figure, optimal deviation before operation was 9% in
Both groups. This figure rose 10 37.5% (Y subjecls) o
the standard method group and up 1o 87.5% (21
subgects) in the augmented method groop (B o< 00017,
Three patients {12.3%) in the standurd method group
developed  conseculive exotropia during the Brst post
aperative week. This complication was nol seen in the
augmented surgery proup, In the ath week, optimal
deviation rose fo 6005 (16 subjects) and Y1.6% (22
subjects) in standard and augmented surgery proups,
respectively (P < 0L05). In the 61h month visit these
ligures were 91.6% (22 subjects) and 93% (23 subjecis)
respectively (Not Significant [N.5.]) (Fig. 1)




Table 1. Paticnts characteristic and sorgical methods in

partial acconnmnodative esalropia

Surprical methods Standard .Augn]-:-‘.rﬂl:d '
) Characteristics M= 24 M= 24
Hex Female 12 ]
S B 12 14
Percentage {monthy fl=3] [IERLN
(144-1%) 121-15}
Age anset (manth) 256x|82 19517
[4-4r) (4-74)
Druration of using glasscs 25+22.1 33x22.1
pre-ap (monthy (-84 4.5-T1)
[Tvperopia (diopter) 4422 45523
IRl (-1
ACIA ratio Narmal 2l 22
High 4 i
Block schedules
I ¥ o
2 8 &
3 2 2
4 1 1
3 2 A
i 2 2

) Standard mechad

=
i

2035
- .
Freop aone week 6 weeks 6 months,
post-op post-op post-0p
Fig. 1. Comparson of the results of pre-operative and

past-operative of 48 paticnts with partial aceomodative

L:H('ll!'('l]J].'l

PPercentage of optimal deviation

There were 9 subjects with over 400 prism diopler
deviation in the standard method group, 2ol which
(22% were undercorreeted. In the augmented groep,
howgver, 2 out of 4 paticnts (14.2% ] with deviation of
Al prism diopter This
differenve wiss not statisticully significant.

Fostaperative hwperapia: Three patients (12395 in
the standurd muethod sroup and G pilients (257 in the
augmented  group benefited 0.3-0075 [ correction of

LT WWEITLY UI'I(IL!I'(.'I el ed,

hyperopia.  The  difference was nol sianistcally
argnificint.
Postoperative best corrected vision: [n the  oth
!

! Augmented snethod

] P e e
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month follow up, 2 paticnts in the standard method
group (839 and 5 patents m o the augmented groop
(A0E%) showed al Jeast 1 line improvement of viswal
aeuity. The change was statistically significant for the
augmented group (P < 005 wsing MeMemar's test) bul
nut n the standard group. The two groops were nol
slatistically different using Chi-square rest, No patienl
had worsened visual acuity.

Postoperative fusion: As shown In table 2, in the
standard group, W4aD test could be ohlained tor 13
patients all of which had  precperative suppression.
Eight patients {61.5%) developed [usion for near
distunce n this group and suppression remained for far
distance. Pive patients still had suppression for both
near and far distances. In the augmented group, W40
rest could be obtained for 14 patients all of which had
precperalive  suppression. Nme o patients [64.3%)
developed fusion Tor near distance in this group and
suppression remained for far distance, Five patients still
hac suppression for Both near and far distances. The
ditterence between pre- and post-operative results were
statistically significant in both groweps wsing MoNemar' s
test P D05) but the Iwo proops wers  not
sigmificantly different {Table 2).

Tahle 2. Pre-vperative and post-operative fusion in patients

with Partial accommodative

Pres operative Fosl-operative

Fusion /" Surgical

Method  + - + -
standard Uy IELO0) A(GLA) 3(24.3)
Angmented 0y IE I Qled 3y 5257

Fostoperative stereopsis: As shown in able 3, in the
stancard proup, Titmes test coeld be oblained Jor 13
paticnts, Frve paticnts had no stercopsis inothis group
and 8 had some degrees of Slereopsis (G00-2000 seg
arcl. Two patients (15.4%) showed improved stereopsis
(A0-200 see arc), In the aupmented grovp, Timus lest
could be obtained for 13 patients. 8 paticnts had no
stereopsis and  fve patients had some  deprees ol
stereopsis [OO-R00 sec arc). Three patients developed
stereopsis of 60-3 00 sec are postoperatively, The e
proups were nol significantly different (Table 3,

Tahle 3. Fre-aperative and post-operative stereapsis in
paients with partial accomnmadative esolpopia

Fre- aperative Pust-operative

Fusion " Surgical

Methoed + +

Standard 8(615) S(385) 10(76.9) 3(231)

Augmented S38.5) B(61.5)  HGLS) S(3H.E)

ACHA ratior Threee patients in the standard growp
and 4 patients in the augmented group hud high ACA
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ratios preoperatvely. This ratio wis redused inoall of
these patients v the 6th month follow op. All 4
palients with high preoperative ACMA ralio in Lhe
standard group necded bifocal glasses by the Gth week
el wup, which was nol nesded [or any of the patients
in o the  augmented  group. Complications such as
perforation of eve hall or slippage of muscles were not
ohserved,

DISCUSSION

This study  has  proven  the
aupgmented  methed over the standard method  in
induction  of  optimal devation for patients with
deviation of 100 prism diopter or less in short ternn
Long  term results,  howeser, were ool diflerent.
Consecutive exatropia, a complication which happened
in 3 patients {1295 in standard group within the first
week, was not observed inoany patient reated by
augmented method. Kenneth Wright had also shown
Ihe 1 method  for
development of optimal deviation, Cn the other hand
puostoperative exiiropia more  freguent
complication o the augmented group m theic study (7).
Primary amblyopia and defects in hinccular vision in
our sludy population maey be held  responsible for
explanation af this discrepancy. In 2000, Watanbee had
shown that untreated amblyopn may be g cause of
conseoulive cxnlropia (9. With gradual development of
peripheral fusion excdeviation was controlled se that no
conscoutive exotropit exsted st the end of the sixth
month in either group of our study, Duaration of follow
up in our study (six months) was shorter than Kenneth
Wright” which might have prevented os from
diagnoesing possible exodevialions happening m o cases
undergoing augmented surgery in long tern.

This  study  has  shown for
augmented method Tor correction ol deviations of
ahove 40 prism diopter. Undereorrection was seen m 2
oul of 14 patients in the avgmented group (1427 and
m 2 out of 9 patients {22.4%) in the standard group
(MR Previcus stodies have nol proven the exislence
of carrelation between degree of preaperative deviation
and the outcome of surgery and further investigation
with higher sample size seems necessary.

Eleven putients had overaction ol inferior obliguee
muscles who underwent  inferior oblique  weakening
operation  as owell as operation on medial o orectus
muscles. Marshall Parks has shown that weakening ot
Lhi inferior ablique muscles has no effect on the degree
aof deviation in the primary position {100 COther studies
have also emphasized on the necessity of weakening of
obligue muscles in case of apparenl overaction (115

It should be pointed cut that optimal postoperative

supariority. of  the

advantage  of augmentaed

Ws ]

5 sludy

better  resulls the

o8

alignment relies on many factors inoaddition w the
choice of surgery method, The role of sensorial faclor is
very important m this regard. In the Prism Adaptation
Stady, 1992 it was shown that inaccuracies of up 1o
2mm i Surgery has but Btle effect on the final
autcome of treatment of a typical paticnt with acguire

eantropia and  sensorial factor plays a much  more
important rale (12 In this Study we have tricd to
determine the role of fusion and stereopsis on retaining
alignment and the role of surgery on Lhese [aclors, In
hoth groups, surgery mproved fusion and  stercopsis
(= 005} No difference was noted between the bwo
groups o this regard mmoocontrast o the Kenneth
YWright's study  which  showed  beter  fusion  and
slereapsis for the augmented method: Low sample s
may wecount for our resolts, Higher age {mean = 61
months] may be considered as another explanation in
this regacd, Parks and Bateman have shown that bower
age al the time of surgery of patients with esotropia is
associaled with better fingd stereopsis (120 The mean
age of the study popelation had not been stated in the
Kenneth Wright's study.

[t has heen shown that stereopsis improves with
tme (143, This may alse acvount for betler resulls m
the Kenneth Wrights study which had a follow up
duration  of 1 year. Moo subjects  deseloped e
sterenpsis i our siudy which may be explained by the
lomg duration of problem. Faweell has shown thal he
duration of suffering is the most important factor in
delermination of postoperative stereopsis and not 1he
age at onset. Thus, if the duration i less than 4 month
there  exists a possibility of  development  of
slerecpsis which further underhnes the importanoe af
carly detection and  treatment of  constant deviatoen
(13) Inothis study the pmean age at onset for the
stundard wnd gugmented groups were 2350 and 1905
months respectively, Mean age at the time al surgery
was 61 months. Thes Jong duration of sutlering explans
lack of development of fine stercopsis.

YWe have used oyclopeniolate drops i order o
measure hvperopia instead of atropm. Previous studies
have shown that these two methods vield resulis which
are nol statistically difleram (16,

ACIA ratio was reduced in both growps in owr siudy
which is in accord with the results of provious studies
(17,

Wi had to order bifiocal glasses for 4 patients with
near distance deviation of maore than 10 prism diopter
and  eontrofled  far distunce  deviation whoo had
undergone standard method sargery. “These paticnts all
had preaperative high ACA ratios and were operated
on since they had far distance deviation of more than
10 prism  diopler. Some  studies, however,  suy
surgical correction as  the  treatment ol choe
patients with high AC/A ratio as the alternative
hifocul glasses (18)0 In our augmente

fire

[or
toar
group none of



the 3 paticnts with high ACKA matio needed  bitoeal
glagses which may  indicate the superiority of the
aungmented method for treatment of patients with high
ACA tutio, Further imeestigation with higher sample
SI7E REEME Necossary in this regard.

Visual acuity didd por improve significantly  after
standard  surgery. Aupgmented  surgery,  howeser
mereased visual scuily significantly, T8 can be said that
carly development of optimal alignment o the atter
group has led 1o beller acaity as compared o the
former group.

It can he concluded that augmented surgery has
yielded hetter results for idices such as visual acuily,
optimal deviation, stereopsis and fusion as compared to
the stundord method, Some of these differences were
not proven statistically which may be explaned by the
lomy sample size, unatlainable results for some paticnts
and gualtative muture of some of measurements, The
controlled  sequential matched  rapdomized  design of

this study allowed controlling of factors such as age,
ACA and hyperopia apd can be regarded as oan
advantage  of this study (1YL We o conchude  that

augmented method is superior te the standard method
but also recommend further stedies in this regard.
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