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Abstract
BACKGROUND 
Inferior oblique anterior transposition (IOAT) has emerged as an effective surgery 
in the management of dissociated vertical deviation (DVD) combined with 
superior oblique palsy (SOP). Traditional IOAT usually provides satisfactory pri-
mary position alignment and simultaneously restricts the superior floating 
phenomenon. However, it also increases the risk of the anti-elevation syndrome 
and narrowing of the palpebral fissure in straight-ahead gaze, especially after the 
unilateral operation.

CASE SUMMARY 
We report the outcomes of the modified unilateral IOAT in two patients with 
unilateral DVD combined with SOP. The anterior-nasal fibers of the inferior 
oblique muscle were attached at 9 mm posterior to the corneal limbus along the 
temporal board of the inferior rectus muscle, the other fibers were attached a 
further 5 mm temporal to the anterior-nasal fibers. Postoperatively, both hype-
rtropia and floating were improved, and no obvious complications occurred.

CONCLUSION 
In these cases, the modified unilateral IOAT was an effective and safe surgical 
method for treating DVD with SOP.

Key Words: Anterior transposition; Inferior oblique muscles; Dissociated vertical 
deviation; Superior oblique palsy; Anti-elevation syndrome; Case report
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Core Tip: Inferior oblique anterior transposition (IOAT) is effective for dissociated vertical deviation 
combined with superior oblique palsy; however, unilateral IOAT also increases the risk of the anti-
elevation syndrome. This modified unilateral IOAT involves a more backward new insertion and the new 
insertion line perpendicular to the inferior rectus muscle axis, which provides satisfactory primary position 
alignment and restricts the superior floating phenomenon without obvious postoperative complications.

Citation: Zong Y, Wang Z, Jiang WL, Yang X. Modified inferior oblique anterior transposition for dissociated 
vertical deviation combined with superior oblique palsy: A case report. World J Clin Cases 2023; 11(12): 2796-
2802
URL: https://www.wjgnet.com/2307-8960/full/v11/i12/2796.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i12.2796

INTRODUCTION
The clinical features of dissociated vertical deviation (DVD) with superior oblique palsy (SOP) are 
variable and include unstable vertical strabismus after covering in the primary position due to 
significant DVD; spontaneous upward drifting of one or both eyes when binocularity is blocked after 
neutralizing the hypertropia; and superior oblique muscle (SO) paralysis[1,2]. The goals of surgery are 
improvement of primary position hypertropia and reduction of upward floating. Inferior oblique 
anterior transposition (IOAT) has been recognized as the standard surgical procedure[1,2]. The complic-
ations after this procedure remain a difficult problem, such as the anti-elevation syndrome (AES)[3] and 
eyelid fission narrowing in straight-ahead gaze[4], especially after unilateral surgery. We here report the 
results of a modified unilateral IOAT in two patients with DVD and SOP.

IOAT was first proposed by Gobin[5] in 1964 and used in the treatment of esotropia with V sign, the 
inferior oblique muscle (IO) was transposed to the equatorial sclera (about 14 mm from the corneal 
limbus) and approximately 50% of patients were orthotropic after the procedure. The application of 
IOAT in the treatment of inferior oblique overaction (IOOA) and DVD was first proposed by Elliott and 
Nankin[6] in 1981. IOAT is a more effective treatment for IOOA and DVD than simple IO recession, 
with the anterior fibers of the IO fixed temporally at the inferior rectus (IR) insertion (Elliott’s point). It 
was reported that 67% (14/21) of patients’ hypertropia was corrected, but it was easily overcorrected, 
resulting in restricted elevation in 24% of the patients.

This novel unilateral IOAT method involves a more backward reinsertion line perpendicular to the IR 
axis with J-deformity. The anterior-nasal fibers of the IO were attached at 9 mm posterior to the corneal 
limbus along the temporal board of the IR, and the posterior fibers were attached a further 5 mm 
temporal to the first suture.

This procedure was performed by a single surgeon (YX) for DVD with SOP in the two patients 
between June and August 2020. One day after surgery, they were orthotropic in primary gaze without 
diplopia and remained orthotropic one year after the procedure without obvious AES. This approach 
ensured surgical effectiveness and prevented the onset of AES, especially after unilateral surgery.

This study was approved by the Medical Ethics Committee of Qingdao University. This report 
complies with all local laws and the principles of the Declaration of Helsinki.

CASE PRESENTATION
Chief complaints
Case 1: An 11-year-old Chinese girl presented with persistent exotropia after a strabismus procedure 
five years earlier.

Case 2: A 17-year-old Chinese girl presented with intermittent exotropia of the left eye. She had been 
tilting her head to the left since infancy.

History of present illness
Case 1: The patient had been tilting her head to the right since infancy and, in 2015, was diagnosed with 
constant exotropia. She underwent lateral rectus recession (6 mm) with medial rectus resection (5 mm) 
in her right eye, but residual exotropia and abnormal head position persisted postoperatively through to 
the current presentation.

Case 2: The patient presented with intermittent exotropia of the left eye. She had been tilting her head to 
the right since infancy without any prior treatment.

https://www.wjgnet.com/2307-8960/full/v11/i12/2796.htm
https://dx.doi.org/10.12998/wjcc.v11.i12.2796
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History of past illness
The patients had no previous medical history.

Personal and family history
Case 1: The patient’s parents and sister are healthy and have no family history of similar disease.

Case 2: The patient’s parents, sister and brother are healthy and have no family history of similar 
disease.

Physical examination
Case 1: The patient’s temperature was 36.3 °C, heart rate was 92 bpm, respiratory rate was 23 breaths/
min, and blood pressure was 94/54 mmHg.

Case 2: The patient’s temperature was 36.5 °C, heart rate was 98 bpm, respiratory rate was 20 breaths/
min, and blood pressure was 104/67 mmHg.

Laboratory examinations
Routine blood and biochemical tests were normal in both cases.

Imaging examinations
Ultrasonography did not indicate intraocular disease in both cases.

Ophthalmological examination
Case 1: On examination, the patient’s best-corrected visual acuity (BCVA) was 1.0 in both eyes. She had 
primary position exotropia of 40∆ at both distance and near, and a hypertropia of 10∆ in the left eye by 
alternate prism cover test. DVD was observed in both eyes, although more pronounced in the left, and 
only appearing when covering one eye. There was bilateral IOOA (+3) and a significant V-pattern. A 
positive Bielschowsky tilt test was found in both sides[7] (Figure 1A).

Case 2: The patient’s BCVA was 1.0 in both eyes, with refractions of −3.00 for the right and +3.00 +0.25 × 
65° for the left eye. Exodeviation and hypertropia were highly variable due to significant dissociated 
horizontal deviation[8] in the left eye and DVD in the right. Exotropia of 10-20∆ and right hypertropia of 
15-30∆ were observed on alternate prism cover test in the primary position at distance and near. She had 
latent nystagmus in both eyes and an anomalous head posture. There was unilateral superior oblique 
underaction (−2) along with IOOA (+2) in the right eye, and a positive Bielschowsky tilt test on the 
right-hand side (Figure 2A).

FINAL DIAGNOSIS
The final diagnosis for both cases were DVD with SOP.

TREATMENT
Case 1
Levofloxacin eye drops were applied to prevent infection in both eyes 2 d before the surgery. With the 
patient and her mother’s consent, she underwent the modified unilateral IOAT with lateral rectus 
recession (5 mm) and medial rectus resection (4 mm) in her left eye under general anesthesia.

The anterior-nasal fibers of the left IO were attached at 9 mm posterior to the corneal limbus along the 
temporal board of the left IR, and the posterior fibers were attached a further 5 mm temporal to the first 
suture using an absorbable 6/0 suture. The left lateral rectus (LR) was backward to 5 mm from the 
original insertion site and the left medial rectus was resected about 4 mm and re-sutured to the original 
insertion site using an absorbable 6/0 sutures. At the end of the surgery, the surgeon applied 
tobramycin dexamethasone ointment to the left eye, bandaged it and waited for the patient to wake up 
before sending the patient back to the ward. After the surgery, the patient was instructed to apply 
levofloxacin eye drops and tobramycin dexamethasone drops to the left eye.

Case 2
Levofloxacin eye drops were applied to prevent infection in both eyes 2 d before the surgery. With the 
patient and her mother’s consent, she underwent the modified unilateral IOAT in her right eye with 
lateral rectus recession 7 mm in her left eye under general anesthesia.
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Figure 1 Clinical photographs of Case 1. A: Preoperative images showing primary position exotropia and hypertropia in the left eye, and positive 
Bielschowsky tilt tests demonstrating superior oblique palsy in both eyes; B and C: Postoperative images showing primary position orthophoria without obvious anti-
elevation syndrome in the left eye at the 1-d and 12-mo follow-up.

The anterior-nasal fibers of the right IO were attached at 9 mm posterior to the corneal limbus along 
the temporal board of the right IR, and the posterior fibers were attached a further 5 mm temporal to the 
first suture using an absorbable 6/0 suture. The left LR was backward to 7 mm from the original 
insertion site using an absorbable 6/0 suture. At the end of the surgery, the surgeon applied tobramycin 
dexamethasone ointment to both eyes, bandaged them and waited for the patient to wake up before 
sending the patient back to the ward. After the surgery, the patient was instructed to apply antibiotic 
eye drops to the both eyes.

OUTCOME AND FOLLOW-UP
Case 1
One day after surgery, primary gaze orthophoria was achieved, without head turn or diplopia 
(Figure 1B), and one year after surgery, she remained orthophoric in primary gaze and without obvious 
AES and eyelid fission narrowing (Figure 1C).

Case 2
One day after surgery she achieved orthophoria in primary gaze, without head turn and diplopia 
(Figure 2B). Twelve months after surgery, she remained orthophoric in primary gaze without limitation 
of elevation in both eyes (Figure 2C).

DISCUSSION
SOP is the most common paralysis of single cyclovertical muscle and is the fourth cranial nerve 
(trochlear nerve) palsy, which involves the SO[9]. The incidence of SOP is approximately 12.9 (95% 
confidence interval 9.0–16.9) per 100000 adolescents younger than 19 years of age[10] and 54.1 (95% 
confidence interval 50.2–58.0) per 100000 adults[11]. In SOP, there is hypertropia of the paralytic eye 
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Figure 2 Clinical photographs of Case 2. A: Preoperative images showing primary position exotropia and hypertropia in the right eye, and a positive 
Bielschowsky tilt test demonstrating superior oblique palsy in the right eye; B and C: Postoperative images showing primary position orthophoria without obvious anti-
elevation syndrome in the right eye at the 2-wk and 12-mo follow-up.

with abnormal head position. Examination of version shows underaction of the SO and overaction of 
the antagonist IO. The main surgical methods are to weaken the antagonist muscle of the paralytic 
muscle; to weaken the yoke muscle of the another eye; to strengthen the paralytic muscle; and to 
weaken the superior rectus (SR) of the paralytic eye[9]. DVD is an innervation disorder which occurs in 
more than 50% of infantile strabismus[12]. The main clinical feature is either eye slowly drifting upward 
and outward with extortion when occluded. Traditional surgical treatment for DVD focuses on the SR 
recession, and for patients with IOOA, IOAT is also considered[13].

By displacing the IO insertion to anterior to the temporal insertion site of the IR (Elliott point) in a 
crossed-swords manner, IOAT was more effective improvement of IOOA and DVD compared with the 
standard recession of IO[6]. This IOAT has been widely employed; however, the risks of overaction and 
AES were high, especially in unilateral IOAT (more than half). AES is an elevation restriction in 
abduction, that might be contributed by both suturing the IO anterior to the IR insertion, and spreading 
the posterior lateral corner of the IO out temporally[14].

Stager[15,16] established that the neurovascular bundle of the IO was an ancillary origin of the 
posterior-temporal fibers of the IO following IOAT for limiting eye upturn, and the neurofibrovascular 
bundle attaches to the IO 2 mm temporal to the IR, 12 mm from the insertion of the IO. Based on the 
autopsy results from cadaveric eyes by Apt L[17], the temporal length of the IO was about 14 mm, so the 
Elliott point might increase the risk of excessive muscle tension of temporal IO fibers. Kushner[18] 
suggested that AES might be an “innervational restriction,” as opposed to a mechanical restriction and 
appears to be caused by tautness of the lateral fibers of the transposed IO. Therefore, they sutured the 
anterior nasal corner of the IO to the temporal corner of the IR insertion and let the posterior temporal 
corner hang back. This approach is better for preventing AES, but less powerful for reducing DVD.

To avoid AES, some have suggested that the insertion line should be oriented parallel to the IR axis, 
the anterior IO nasal fibers should be at or just (≤ 2 mm) anterior to the temporal IR insertion in a 
“crossed-swords” manner, and the posterior temporal fibers should be folded and buried under the 



Zong Y et al. DVD combined with SOP

WJCC https://www.wjgnet.com 2801 April 26, 2023 Volume 11 Issue 12

fixed anterior IO nasal fibers[19]. This transposition has been seen to weaken mild to moderate IOOA 
and correct small primary position hypertropia. Guemes and Wright[20] suggested that the bilateral 
graded IOAT was effective in normalizing versions and correcting vertical deviations in primary 
position, and the new insertion (the temporal insertion site of the IR or 1-2 mm behind) line perpen-
dicular to the IR axis with a “J” deformity for the IOOA combined with DVD (6 to 15 PD), without long-
term observation of complications.

Thus, the reattachment points and attachment line directions are the key factors affecting operative 
outcomes and complications. Based on the above study, we chose a new anterior transposition to 9 mm 
posterior to the corneal limbus along the temporal board of the IR to reduce the risk of AES, with the 
wider insertion (about 5 mm) perpendicular to the IR axis to enhance the orthotic effects on vertical 
strabismus and spontaneous upward drifting.

The basic idea of IO transposition surgery according to the degree of IOOA is gradually moving the 
insertion of the IO anteriorly; if 1-mm anterior IR insertion still does not sufficiently improve the vertical 
strabismus and spontaneous upward drifting, a new line of attachment perpendicular to the IR insertion 
will be used. This surgical approach chose the new insertion line perpendicular to the IR axis to decline 
the upward drift of the DVD and vertical strabismus, weakening the effect of the anterior transposition 
of the new insertion of the IOAT, thus preventing the onset of AES. This approach ensured surgical 
effectiveness and prevented the onset of AES, especially after unilateral surgery.

Other advantages to this version of the IOAT procedure is that using the limbus as a reference point 
is more accurate and reasonable than the IR, and nasal transposition is not necessarily required which 
reduces operating difficulty.

CONCLUSION
In the cases presented here, the modified unilateral IOAT improved the patients’ primary position 
hypertropia and superior floating phenomenon, with no obvious postoperative anti-elevation syndrome 
and no significant effect on lower lid configuration and function for 1 year. Therefore, this procedure is 
an effective and safe surgical methodfor t reating DVD with SOP. Certainly, more data are required to 
corroborate these findings and a controlled comparative study is necessary to draw definitive 
conclusions. In addition, a cohort study is in progress to better assess the procedure.
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