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A simple marking system for accurate intraoperative monitoring and adjustment of cyclotorsion strabismus surgery













	 
	

	TYPE Original Research
PUBLISHED 06 January 2023
DOI 10.3389/fmed.2022.1059790





A simple marking system for accurate intraoperative monitoring and adjustment of cyclotorsion strabismus surgery

Lung-Chi Lee1, Hsu-Chieh Chang2,3, Yi-Hao Chen1 and Ke-Hung Chien1*

1Department of Ophthalmology, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan

2Department of Nursing, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan

3Graduate Institute of Nursing, College of Nursing, Taipei Medical University, Taipei, Taiwan

[image: image]

OPEN ACCESS

EDITED BY
Horace Massa, Hôpitaux Universitaires de Genève (HUG), Switzerland

REVIEWED BY
Tai-Chi Lin, National Yang Ming Chiao Tung University, Taiwan
Chih-Chien Hsu, Taipei Veterans General Hospital, Taiwan

*CORRESPONDENCE
Ke-Hung Chien, [image: image] yred8530@gmail.com

SPECIALTY SECTION
This article was submitted to Ophthalmology, a section of the journal Frontiers in Medicine

RECEIVED 02 October 2022
ACCEPTED 13 December 2022
PUBLISHED 06 January 2023

CITATION
Lee L-C, Chang H-C, Chen Y-H and Chien K-H (2023) A simple marking system for accurate intraoperative monitoring and adjustment of cyclotorsion strabismus surgery.
Front. Med. 9:1059790.
doi: 10.3389/fmed.2022.1059790

COPYRIGHT
© 2023 Lee, Chang, Chen and Chien. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Ocular cyclotorsion is treatable only with surgery. The surgical procedure must be tailored individually to the specific etiologies causing the horizontal and vertical strabismus and its torsional components. An adjustable surgical approach is often used for postoperative or intraoperative adjustments. However, the methods currently used have some limitations. In this study, we propose a simple intraoperative marking system for all cyclotorsion correction surgery. The proposed marking system used three sets of surface markers: external horizontal markings, ocular horizontal markings, and surgical torsion markings, drawn in sequence. We retrospectively analyzed the surgical results using this novel marking system in this single-center, single-surgeon study. Fifteen patients with cyclotorsion who underwent treatment using the proposed marking system as an intraoperative aid between August 2019 and August 2021 were included. The medical charts were thoroughly reviewed, and the pre-and postoperative subjective and objective cyclotorsion were analyzed. Among the study subjects (10 males, 5 females; age range: 6–89 years), 13 had excyclotorsion and 2 incyclotorsion. Preoperative mean net subjective cyclotorsion measured by the double Maddox rod (DMR) test was 6.0° (standard deviation: 10.8°) and mean net disc-to-fovea angle (DFA) was 20.23° (13.21°). The postoperative net DMR and DFA were 0.2° (2.1°) and 14.09° (5.97°), respectively. The mean absolute net DMR and DFA being treated were 9.8° (4.8°) and 9.76° (4.61°). Overall, the proposed intraoperative marking system is a simple and quantitative method to assess, monitor, and adjust the torsional aspect for all strabismus surgeries.
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1. Introduction

Ocular torsion, or cyclodeviation, is the rotation of the eye along its anteroposterior axis, causing a torsional misalignment between the eyes in the primary position. Various disorders involving the cyclovertical extraocular muscles could result in cyclodeviation, including traumatic or ischemic superior oblique palsy (SOP), secondary strabismus caused by thyroid-associated orbitopathy, and skew deviation from brainstem lesions (1–3). Other possible causes are primary oblique muscle overaction with A- or V-pattern strabismus (4–6), inferior oblique paresis (7) or other vertical muscle palsies (8) from oculomotor nerve palsy, Brown syndrome (9), iatrogenic postoperative cyclotorsion from retrobulbar anesthesia (10, 11), and surgically induced cyclotorsion from macular translocation surgery (12), scleral buckling procedure (13), or consecutively from prior strabismus surgery (14–17). The resulting torsional misalignment may cause severe debilitating symptoms of cyclodiplopia to these patients in the acute state (18), which cannot be alleviated by any prism or orthoptic treatment, except for omitting vision entirely by occlusion or through sensory adaptation mechanisms (19) in chronic conditions. Surgical treatment is then the only possible means to restore correct vision.

The available surgical options vary based on the underlying specific disorder and anatomy. The surgical goals are achieved by targeting all six extraocular muscles and their pulleys to treat the causative vertical and/or horizontal deviations and the accompanied cyclotorsion, reducing all alterations (20). For excyclotorsion commonly caused by SOP, the oblique muscles are usually targeted through direct manipulation of the superior oblique (SO) muscles with strengthening procedures, such as SO tucking or the Harada-Ito technique (21), whereas the inferior oblique (IO) muscle can be weakened by myotomy or myectomy (22). In rarer cases of incyclotorsion, the SO can be treated with weakening procedures, such as tenectomy (23) or tendon spacer (24), or, more rarely, the IO strengthened with tucking or advancement techniques (25).

However, the resulting cyclo-alleviating effect of the same muscle procedure can vary greatly, and the outcome is often unpredictable with different etiologies and individual anatomical conformations (26, 27). Surgical techniques allowing postoperative (28–30) or intraoperative adjustments under local anesthesia (31) have been proposed. However, these modified techniques can be burdensome for young children and uncooperative adult patients, rendering them occasionally unsuitable. Herein, we propose a simple torsion marking system for intraoperative adjustment, providing an individualized, tailored, and targeted cyclotorsion surgery applicable to any procedure, which can be easily implemented under general anesthesia in all patients with torsional strabismus.



2. Materials and methods


2.1. Patients

This case series retrospectively analyzed patients with cyclotorsion who underwent strabismus surgery at the Ophthalmology Department of the Tri-Service General Hospital in Taipei, Taiwan between August 2019 and August 2021. The study protocol was approved by the Institutional Review Board (No: C202105113) of the Tri-Service General Hospital. The requirement for informed consent was waived by the review board according to the guidelines for a retrospective study. All patients were followed up for at least 6 months after the surgery.

The inclusion criteria were documented cyclotorsion and surgical treatment using the proposed technique. The data collected included demographic and clinical information, diagnosis, pre- and postoperative ophthalmic and strabismus examination results, the strabismus surgery performed, and pre- and postoperative fundus photographs. Patients with incomplete information were excluded from the study.



2.2. Examinations

The standard strabismus examinations included a prism alternate cover test to determine the angle of deviation in the primary and nine cardinal positions, a 3-step test, and a double Maddox rod test (DMR; Figure 1A), according to the protocol proposed by Liebermann et al. (32) to measure subjectively the cyclodeviation of the patient. Color fundus photographs (Figure 1B) were routinely acquired pre- and postoperatively to document the difference in the objective cyclodeviations, and the degree of the disc-fovea angle (DFA) was calculated using the online software Cyclocheck (33).
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FIGURE 1
Pre- and intraoperative preparation for the simple torsion markings technique. In this instance, a significant incyclotorsion was measured subjectively with the double Maddox rod test (A) and confirmed objectively with the color fundus photography (B). (C) The amount of cyclodeviation to be corrected was determined from the preoperative exams (A,B) and marked on the ocular surface before the surgery (red lines, indicating the surgical torsion markings) clockwise above the ocular and external horizontal markings (blue lines). For example, in a patient with a 15° incyclotorsion in the right eye, a surgical torsion marking should be marked 15°clockwise above the original ocular horizontal markings. In contrast, for a patient with excyclotorsion in the right eye, counter-clockwise surgical torsion markings should be placed below the original ocular horizontal markings, and vice versa with the left eye. (D) The surgical goal was to realign the surgical torsion markings (red lines) until parallel to the external horizontal markings (blue lines) using any adjustable surgical approach, which eventually achieved an excyclotorted correction.




2.3. Surgical procedure

The procedure and surgical correction required were determined preoperatively by Dr. Chien, who performed all the strabismus surgeries under general anesthesia. All chosen surgical procedures were performed with an adjustable suture technique. The degree of cyclodeviation to correct was calculated based mainly on the subjective measurements from the DMR test, supported by the calculated objective DFA from color fundus photography (Figures 1A, B).

The proposed surgical technique for accurate intraoperative torsional adjustment is a simple marking system. First, the patient was asked to fixate directly ahead while staying in an upright head-straight position before inducing general anesthesia. With the guide of a simple toric reference marking device (Cionni Toric Reference Marker, Duckworth & Kent Ltd., Baldock, United Kingdom), the eye’s horizontal axis, parallel to the floor through the pupil, was marked using a marking pen able to withstand the disinfection procedures, preferably on the cornea, which is not affected during strabismus surgery. A horizontal line was also marked on the skin of the periocular region to add an external horizontal reference line for intraoperative adjustments. In this first step, the ocular horizontal markings and external horizontal markings should be aligned or parallel to each other. Second, the patient was placed in the supine position for anesthesia preparation and instructed to look straight ahead, alternatively with each eye if both eyes required surgery, to examine the ocular markings for significant cyclotorsion induced by postural change. If significant torsional change induced by the supine position was present, the ocular horizontal marking was updated to align or be parallel to the external horizontal markings. After the patient was anesthetized and properly draped, we ensured that the previous external and ocular horizontal markings were visible and adequate as a reference. Third, we marked the predetermined correcting degree for cyclodeviation on the ocular surface using a toric axis marking device (Cionni Toric Axis Marker, Duckworth & Kent Ltd.) with degree measurements (Figure 1C). Finally, the chosen strabismus surgery to correct any horizontal and/or vertical deviation and cyclodeviation was performed. Before the conclusion of the surgery, the surgical torsion markings were supposed to be aligned or parallel to the external horizontal markings. If the desired position was not achieved through the approach originally planned, adjustments were performed immediately to align the surgical torsion markings to the external horizontal markings (Figure 1D). Adjustments could be obtained with a modifiable suture technique or additional muscle surgery.



2.4. Main outcomes and statistical analysis

All postoperative data presented in Table 1 were obtained at 3 months postoperatively. Descriptive statistics were calculated using Microsoft Excel and expressed as mean (standard deviation, [SD]). The pre-and postoperative DMR and DFA were analyzed with their net value from the sum of the right and left eye.


TABLE 1    Summarized torsional characteristics.
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3. Results


3.1. Main outcomes

Fifteen patients (10 male and 5 female) met the inclusion criteria and underwent surgery with the proposed marking system for torsion correction between August 2019 and August 2021. The mean (SD) age was 47.29 (28.15) years, and three patients were under 18 years (Patients 3, 7, and 15), whereas the oldest was 89 years old. Etiologies contributing to the torsional aspect of the strabismus included ischemic (n = 5) or traumatic (n = 1) trochlear nerve palsy, congenital SOP with inferior oblique overaction (IOOA) (n = 2), primary IOOA (n = 2), thyroid-associated orbitopathy (n = 1), and other types of strabismus (n = 4). The surgical approach for each case differed according to the underlying etiologies; the clinical presentations are listed in Table 1.

There were 13 cases of net exyclotorsion and 2 of net incyclotorison preoperatively. The preoperative DMR ranged from 36° of incyclotorsion to 13° of excyclotorsion. The overall mean (SD) of the preoperative net DMR was 6.0° (10.8°), and the mean (SD) DMR was 0.8° (9.3°) for the right eye and 5.2° (5.1°) for the left eye, respectively. The preoperative overall mean (SD) net DFA was 20.23° (13.21°), and the mean (SD) DFA was 7.08° (9.84°) for the right eye and 13.16° (6.13°) for the left eye. The overall mean (SD) of the postoperative net DMR was 0.2° (2.1°), and the mean (SD) DMR was 0.1° (1.8°) for the right eye and 0.1° (1.1°) for the left eye. The postoperative mean (SD) net DFA was 14.09° (5.97°), and the mean (SD) DFA was 5.98° (4.84°) and 8.11° (2.91°) for the right and left eyes, respectively. The mean absolute net DMR and DFA being treated were 9.8° (4.8°) and 9.76° (4.61°), respectively. Patients 1, 9, and 15 are discussed here to illustrate the simplicity and the advantages of this marking system for intraoperative adjustment to correct the torsion degree simultaneously with other surgical treatments, such as for vertical strabismus or IOOA.



3.2. Case presentation

Patient 15 was a 7-year-old boy with a significant right head tilt. Left hypertropia with 4 prism diopters and grade-2 IOOA were observed, and the 3-step test was positive for left SOP. The DMR test revealed subjective excyclotorsion of 5° in the left eye only. The objective calculated DFA from color fundus photography using Cyclocheck was 9.32° in the right eye and 14.07° in the left eye, for an overall 4.75° excyclotorsion in the left eye, consistent with the result of the subjective DMR test. Hence, a surgical 5° incyclotorsional effect was predetermined for surgical torsion marking. A 10-mm IO recession was performed to correct the primary vertical deviation, IOOA, and excyclotorsion, using the surgical markings described in the Section “Materials and methods.” Intraoperatively, the IO muscle was disinserted and repositioned on the sclera at the intended 10-mm recession position, then temporarily tied only with a slip knot for possible adjustments. The surgical effect was assessed to determine whether the recession was sufficient to align the surgical torsion marking with the external horizontal markings. The markings were aligned, and the suture was then tied securely to complete the surgery. The 3-month postoperative strabismus examination revealed orthotropia with grade-1 IOOA and no subjective torsion on DMR testing which remained stable throughout follow-up. The DFA calculated with Cyclocheck in the left color fundus photograph revealed a reduction in cyclotorsion to 4.57°compared to the preoperative DFA (Figures 2A, B).
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FIGURE 2
Pre- and postoperative color fundus photographs for Patient 15. (A) The preoperative color fundus revealed a disc-fovea angle (DFA) of 9.32° in the right eye and 14.07° in the left eye, with 5° of excyclotorsion in the left eye measured with the double Maddox rod (DMR) test. (B) At the postoperative 3-month follow-up, the DFA was 9.09° in the right eye and 9.15° in the left eye with no subjective torsion at the DMR test.


Patient 9 was a 66-year-old male with acute vertical, and subsequent torsional, diplopia. Initial strabismus examination revealed 8 prism diopters of right hypertropia and 6 prism diopters esotropia were noted. The 3-step test was inconclusive. A diagnosis of idiopathic orbital inflammation with right superior rectus muscle hypertrophy, causing secondary strabismus was made. Medical treatment with systemic steroids was prescribed. During the treatment and observation period of 6 months, the disease was relatively quiescent, and the strabismus stabilized on a right hypertropia of 20–25 prism diopters at the simultaneous prism cover test with fusion, and 30 prism diopters on the DMR test. However, a net right incyclotorsion of 8° was also revealed by the DMR test, with symptoms under a corrected prism. The preoperative DFA was −2.86° in the right eye and 2.26° in the left eye (Figure 3A). A strabismus surgical correction was then planned with superior rectus muscle recession, using the hang-back technique, and muscle biopsy for tissue proof. The proposed torsion marking system was applied intraoperatively to monitor the torsional effect of the muscle biopsy combined with the corrective muscle-weakening procedure. Eventually, the surgical torsion marking was set approximately 8°clockwise to the external horizontal markings to correct 8° of incyclotorsion. At the 3-month follow-up, the DFA was 1.45° in the right eye and 4.61° in the left eye (Figure 3B), and the patient was orthotropic in the primary position with 1° subjective incyclotorsion in the right eye, with an incomitant esotropia and left hypotropia on downward gaze.
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FIGURE 3
Pre- and postoperative color fundus photography of Patient 9, with a right superior rectus muscle hypertrophy due to idiopathic orbital inflammation. (A) The preoperative color fundus photograph showed a relatively small disc-fovea angle (DFA) in both eyes with an easily missed incyclotorsion of the right eye, with a −2.86° DFA, and a 2.26° DFA in the left eye. However, the subjective net incyclotorsion was 8° measured by the double Maddox rod (DMR) test. (B) The 3-month follow-up fundus photograph showed a net reduction of 4.31° excyclotorsional effect from the superior rectus recession, with the right DFA being 1.45° and the left DFA 4.61°.


Patient 1 was a 49-year-old woman who suffered from intraoperative bleeding during endoscopic transnasal transphenoid removal of an invasive pituitary macroadenoma with clival involvement 5 years earlier. Postoperatively, the patient experienced a bilateral asymmetric oculomotor nerve palsy with secondary strabismus. Multiple strabismus surgeries were attempted to treat the different aspects of the ever-evolving secondary strabismus, from a marked exotropia to a consecutive esotropia, with evident right hypotropia, and a significant 40° incyclotorsion due to secondary SO overaction. However, previous attempts failed to correct the debilitating symptomatic cyclodiplopia. The patient was then referred to Dr. Chien with a constant right esotropia, hypotropia, and significant incyclotorsion measuring 27° on DMR testing and −20.54° DFA on the color fundus photographs (Figure 4A). Owing to the severe conjunctival scarring, the surgical plan was devised after meticulous dissection of the conjunctival scar tissue. Scarred muscle and scar tissue complexes were identified on the eyeball at several attachment sites and detached, then secured with 6-0 Vicryl (Ethicon, Raritan, NJ, USA) for adjustment. The surgical torsion markings were targeted for an excyclotorsion effect of 30°, marked clockwise above the horizontal reference line. Eventually, a transposition of the medial rectus muscle to the lateral side of the original inferior rectus muscle insertion was performed, with transposition of the inferior rectus muscle to the inferior side of the lateral rectus muscle. The 1-month postoperative result was temporarily satisfactory with 3° of incyclotorsion on DMR testing and −1.17° of DFA (Figure 4B). Unfortunately, after 5 months, the incyclotorsion increased to 10° on DMR testing with −5.00° DFA (Figure 4C). A second operation with transposition of the superior and lateral rectus muscle insertion was performed to correct the residual torsion. The intraoperative torsion correction was targeted to 10° excyclotorsion effect using the proposed surgical torsion marking system; however, due to the poor muscle tone and severe scarring noticed intraoperatively, the outcome was unsatisfactory, with a residual 5-10° incyclotorsion on DMR testing and −1.04° to −2.09° DFA (Figures 4D–F). After 3 months we attempted another reoperation. The residual muscles and scar tissues were temporarily fixated and adjusted solely based on the effect that could align the surgical torsion markings to the external horizontal markings. The primary surgical aim to correct the symptomatic cyclodiplopia and treat the residual horizontal and vertical strabismus using a prism was achieved. The patient had no residual cyclodiplopia one month postoperatively (Figure 4G). At the 5-month follow-up, the patient had a 4° incyclotorsion on DMR testing and 0.40° DFA, with constant right esotropia and hypotropia corrected by prism (Figure 4H). The patient was symptom-free with fusion and satisfied with the surgical outcome.
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FIGURE 4
Serial objective cyclotorsion changes of the right eye for Patient 1 depicted by color fundus photography. (A) Photograph acquired before the first attempted surgery with the proposed marking system, with 27° of incyclotorsion measured with the double Maddox rod (DMR) test and a −20.54° of disc-fovea angle (DFA). (B) The 1-month postoperative results of the first surgery showed a marked improvement with the DMR test showing 3° of incyclotorsion and a markedly reduced DFA (−1.17°). (C) Five months after the first reoperation, a residual subjective incyclotorsion of 10° with a −5° DFA was noted. A second surgical procedure was then performed. (D) One month after the second surgery. (E) Two months after the second surgery. (F) Three months after the second surgery, a residual of 10° incyclotorsion measured with the DMR test was noted. A third procedure of scar revision and transposition of scar and residual muscle was performed to correct the torsion. (G) One month after the fifth reoperation. (H) Five months after the fifth reoperation. The DMR test revealed a 4° of incyclotorsion and the DFA was 0.40°.





4. Discussion

We presented a simple marking system to monitor and adjust the torsional effect with ease while treating cyclodeviation during strabismus surgery. The proposed marking system does not require specific additional tools in the operating room, only a marking pen and toric marking devices for routine astigmatic correction. The markings are drawn in three parts: first, a cutaneous horizontal marking for external reference; then, an ocular horizontal marking to indicate the supine torsional effect and guide to mark for the predetermined surgical correction; and finally, a surgical torsion marking showing the required torsional correction. The proposed marking system follows a sequence of simple steps to ensure accuracy and consistency and can be applied to all types of cyclotropia and implemented in any procedure to correct, assess, or monitor the surgical torsional effect. Using this marking system during the correction of cyclotorsion strabismus, we demonstrated an overall mean absolute net 9.8° (4.8°) subjective cyclotorsion correction, achieving satisfactory results of an average of net DMR 0.2° (2.1°) postoperatively.

The success of a cyclotorsion correction is determined by the preoperative assessment and the surgery itself. Hence, an adequate and accurate cyclotorsion quantification is paramount. Cyclotorsion measurement includes objective and subjective methods. Objective methods measure the anatomical torsion, defined as the position of the fovea relative to the optic disc, classically quantified using the nominal Guyton’s grading system with an indirect ophthalmoscope or fundus photography (34). Other techniques involve using the retinal vascular arcades (35), retinal temporal raphe (36), iris recognition (37, 38), and scleral blood vessels (39). A more accurate numerical measurement most accepted by clinicians, the DFA, is defined as the angle between a horizontal line and a line drawn through the fovea and the center of the optic disc. The DFA can be measured using fundus photography (40, 41), perimetry (42), scanning laser ophthalmoscopy (43), or optical coherence tomography (44, 45). Anatomic variations of the DFA in normal subjects can range from −0.4° to 12.76°, with a mean of 6.39° (2.72°), and the angle is typically slightly larger in the left than in the right eye (46). Furthermore, because of sensory adaptation, ocular dominance, anomalous retinal response, and other mechanisms, the objective measurement may differ from the subjective torsional perception (19, 47, 48).

Subjective methods to measure cyclotorsion include the Bagolini striated lens test (49), single (50) and double Maddox rod (DMR) test (32), synoptophore test (51), and Lancaster red-green test (52). However, these methods have different procedural protocols and may yield different results (53, 54). Furthermore, while subjective cyclotorsion in healthy subjects is relatively low, around 1° of excyclotorsion, the cyclofusional amplitude can range from 7° of incyclotorsion to 9° of excyclotorsion (55). Hence, the motor-defective cyclovergence accounting for the symptomatic cyclodisparity should be the main treatment target when determining the degree of surgical correction required to alleviate the cyclodiplopia since the intended corrective influence of a stress-lessened cyclofusion and other sensory neuroadaptation mechanisms are usually still active. Accordingly, the subjective DMR test was chosen in our study as the main tool for treatment assessment for its reliability and repeatability, low cost, wide availability, and dissociative nature (32).

Cyclotorsion correctional surgery is not a standardized procedure and is usually planned based on the individual’s cyclovertical manifestation and the surgeon’s preference. Surgery usually warrants some modifications or adjustments to the individual anatomy or pathology to achieve a satisfactory result. The most common approach is to adopt an adjustable suture technique and adjust the correction postoperatively within a day based on a subjective measure, such as a DMR test (28, 29). Intraoperative one-stage adjustment under topical anesthesia had been proposed by Xie et al. achieved positive results (31); however, this approach is challenging in children or uncooperative adult patients. Furthermore, the patient is usually required to be in an upright position for the subjective measurement either under local anesthesia or general anesthesia with an intraoperative awake phase (56), which poses additional challenges.

Hence, as strabismus surgery is usually performed under general anesthesia, intraoperative adjustments must be monitored using objective methods, namely, observation of the fundus torsion using an indirect ophthalmoscope (24, 27). However, this presents some challenges. First, intraoperative fundus rotation evaluation is a subjective skill requiring considerable surgical experience, with differences among surgeons. Second, a relative head tilt of the patient or surgeon while performing the indirect ophthalmoscopy would complicate the assessment (57). Moreover, the supine position in general anesthesia induces 5° or more postural cyclotorsion in either direction in over 40% of these patients, confounding the results (58, 59). Furthermore, the objective anatomical torsion often differs from the subjective target cyclotropia correction; and lastly, the method used to measure the cyclotorsion should be the same in the assessment process before, during, and after surgery, for consistent results.

Therefore, an intraoperative torsion monitoring method that can be performed under general anesthesia without the deficiencies of the objective indirect ophthalmoscopy, such as the proposed marking system, has great potential. Previous studies proposed using limbal markings at the 12 and 6 o’clock positions in complicated multiple-muscle surgery to monitor the torsional effect, with great success (60, 61). Our proposed method has three sets of markings: an ocular marking placed horizontally with the patient in upright position, which can be adjusted in supine position while alternating fixation in case of posture-induced ocular torsion; an added external horizontal marking on the skin for standard reference, together with the ocular marking serve as the corrective guide for exotropia eye position often seen in deep general anesthesia; and surgical torsion markings, showing the subjective correction required directly on the ocular surface rather than on the fundus. Hence, the surgeon can further quantitatively monitor, assess, and adjust the torsional effect during any procedure with ease and accuracy.

Our study has some limitations. First, the markings may be altered or deleted by scrub solution, intraoperative heme, or other factors. Hence, other techniques using VERION Image Guided System (Alcon Laboratories, Ft. Worth, TX, USA) or other iris recognition systems can be used to adapt this technique to microscope oculars for augmented reality viewing during strabismus surgery (62). Second, in patients with combined large-angle exodeviations or vertical deviations, the two markings on the ocular surface may be difficult to assess under general anesthesia, which resumes both eyes into their resting position farther apart. Hence, the second ocular horizontal reference marking should be drawn carefully, and the patient should be instructed to fixate alternately with each eye looking straight forward while sitting upright and in the supine position before anesthesia. This ensures the accuracy of the ocular horizontal reference as the base for the surgical torsion markings in these significantly deviated eyes. Then, using a new method proposed by Fu et al., the immediate target endpoint at the conclusion of the surgery can be assessed (63). Third, the sample size was relatively small; however, our results demonstrate the utility of the proposed marking system in several clinical scenarios. Further research should involve larger and more diverse groups.

In conclusion, the proposed marking system can be used in all types of strabismus surgery at any age and for any presentation, under local or general anesthesia, allowing the correction of subjective cyclotorsion and posture-induced ocular torsion. This simple system applies basic techniques and modalities to provide quantitative intraoperative assessment and guide adjustments during cyclotorsion correction and can be utilized by all strabismus surgeons at any level of experience.



Data availability statement

The original contributions presented in this study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Institutional Review Board (No: C202105113) of the Tri-Service General Hospital. Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

K-HC: conceptualization, methodology, writing—review and editing, and funding acquisition. L-CL, H-CC, and K-HC: formal analysis and investigation. L-CL: writing—original draft preparation. Y-HC and K-HC: resources and supervision. All authors read and agreed to the published version of the manuscript.



Funding

This research was funded by the Tri-Service General Hospital (TSGH) (TSGH-E-109231 and TSGH-D-110115), the Ministry of National Defense Medical Affairs Bureau (MND-MAB-110-102), and the Ministry of Science and Technology (MOST) (MOST 110-2314-B-016-051 and MOST 111-2314-B-016-035).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.1059790/full#supplementary-material



References

1. Woo S, Seo J, Hwang J. Clinical characteristics of cyclodeviation. Eye. (2005) 19:873–8. doi: 10.1038/sj.eye.6701675

2. Miller A. Torsional diplopia. Am Orthopt J. (2015) 65:21–5.

3. Trobe J. Cyclodeviation in acquired vertical strabismus. Arch Ophthalmol. (1984) 102:717–20.

4. Kushner B. Effect of ocular torsion on A and V patterns and apparent oblique muscle overaction. Arch Ophthalmol. (2010) 128:712–8. doi: 10.1001/archophthalmol.2010.88

5. Kushner B. Torsion and pattern strabismus. JAMA Ophthalmol. (2013) 131:190.

6. Kekunnaya R, Mendonca T, Sachdeva V. Pattern strabismus and torsion needs special surgical attention. Eye (Basingstoke). (2015) 29:184–90. doi: 10.1038/eye.2014.270

7. Pollard Z. Diagnosis and treatment of inferior oblique palsy. J Pediatr Ophthalmol Strabismus. (1993) 30:15–8.

8. Singh A, Pandey P, Mittal S, Agrawal A, Bahuguna C, Kumar P. Impact of superior oblique transposition on primary position deviation, a pattern and intorsion in third nerve palsy. Strabismus. (2016) 24:173–7. doi: 10.1080/09273972.2016.1243136

9. Galán A, Roselló N. Superior oblique tendon thinning as a surgical treatment for brown syndrome. J AAPOS. (2021) 25:205.e1–205.e7.

10. Phillips P, Guyton D, Hunter D. Superior oblique overaction from local anesthesia for cataract surgery. J AAPOS. (2001) 5:329–32.

11. Khawam E, El-Dairi M, Al-Haddad C, Younis M. Inferior oblique overaction/contracture following retrobulbar anesthesia for cataract extraction with a positive bielschowsky head tilt test to the contralateral shoulder. A report of one case. Binocul Vis Strabismus Q. (2004) 19:247–50.

12. Freedman S, Rojas M, Toth C. Strabismus surgery for large-angle cyclotorsion after macular translocation surgery. J AAPOS. (2002) 6:154–62.

13. Cooper L, Harrison S, Rosenbaum A. Ocular torsion as a complication of scleral buckle procedures for retinal detachments. J Am Assoc Pediatr Ophthalmol Strabismus. (1998) 2:279–84. doi: 10.1016/s1091-8531(98)90084-2

14. Escuder A, Kazlas M, Heidary G, Hunter D, Zurakowski D, Dagi L. Incidence of symptomatic vertical and torsional diplopia after superior rectus transposition for esotropic duane syndrome and abducens nerve palsy. J AAPOS. (2020) 24:270.e1–270.e5. doi: 10.1016/j.jaapos.2020.05.014

15. Bansal S, Green E. Risk of torsion in superior rectus transposition surgery augmented with posterior scleral fixation sutures. Strabismus. (2021) 29:209–15. doi: 10.1080/09273972.2021.1987927

16. Khanna R, Pasco J, Santallier M, Pisella P, Arsene S. Objective ocular torsion outcomes after unilateral horizontal rectus surgery in infantile esotropia. Graefes Arch Clin Exp Ophthalmol. (2018) 256:1783–8. doi: 10.1007/s00417-018-4027-4

17. Lee J, Hwang S, Oh S, Park K, Oh S. Postoperative change in ocular torsion in intermittent exotropia: relationship with postoperative surgical outcomes. PLoS One. (2016) 11:e0162819. doi: 10.1371/journal.pone.0162819

18. Flodin S, Rydberg A, Pansell T, Grönlund M. Measuring health-related quality of life in individuals with cyclodeviation using the adult strabismus 20 (AS-20) questionnaire. J AAPOS. (2021) 25:20.e1–20.e6. doi: 10.1016/j.jaapos.2020.08.011

19. Rosenbaum A, Santiago A. Clinical Strabismus Management: Principles and Surgical Techniques. Oil Springs, ON: David Hunter (1999). 52–72.

20. Ludwig I. Strabismus Surgery: Innovative and Classic Approaches. New York, NY: Thieme (2021). p. 97–103.

21. Bradfield Y, Struck M, Kushner B, Neely D, Plager D, Gangnon R. Outcomes of harada-ito surgery for acquired torsional diplopia. J AAPOS. (2012) 16:453–7. doi: 10.1016/j.jaapos.2012.06.007

22. Lee J, Suh S, Choung H, Kim S. Inferior oblique weakening surgery on ocular torsion in congenital superior oblique palsy. Int J Ophthalmol. (2015) 8:569–73.

23. Roizen A, Velez F, Rosenbaum A. Superior oblique anterior tenectomy. J AAPOS. (2008) 12:54–7.

24. Fard M, Ameri A, Anvari F, Jafari A, Yazdian Z. Adjustable superior oblique tendon spacer with application of nonabsorbable suture for treatment of isolated inferior oblique paresis. Eur J Ophthalmol. (2010) 20:659–63. doi: 10.1177/112067211002000402

25. Freedman S, Seaber J, Buckley E, Enyedi L, Toth C. Combined superior oblique muscle recession and inferior oblique muscle advancement and transposition for cyclotorsion associated with macular translocation surgery. J AAPOS. (2000) 4:75–83. doi: 10.1067/mpa.2000.102925

26. Yoon Y, Kim U. Surgical outcomes of nonadjustable modified harada-ito surgery. Korean J Ophthalmol. (2021) 35:443–7. doi: 10.3341/kjo.2020.0017

27. Jabroun M, Marsh J, Guyton D. Torsional incomitance after asymmetrically adjusted harada-ito procedures for the simultaneous correction of vertical and torsional deviations in bilateral trochlear nerve palsy. J Am Assoc Pediatr Ophthalmol Strabismus. (2021) 25:338.e1–338.e6. doi: 10.1016/j.jaapos.2021.07.014

28. Liebermann L, Leske D, Hatt S, Bata B, Holmes J. Dose effect and stability of postoperative cyclodeviation after adjustable harada-ito surgery. Am J Ophthalmol. (2018) 196:91–5. doi: 10.1016/j.ajo.2018.08.036

29. Chang M, Pineles S, Velez F. Adjustable small-incision selective tenotomy and plication for correction of incomitant vertical strabismus and torsion. J AAPOS. (2015) 19:410–6. doi: 10.1016/j.jaapos.2015.07.290

30. Bata B, Leske D, Holmes J. Adjustable bilateral superior oblique tendon advancement for bilateral fourth nerve palsy. Am J Ophthalmol. (2017) 178:115–21. doi: 10.1016/j.ajo.2017.03.028

31. Xie F, Guo X, Zhang W. Single-stage superior oblique tendon recession with suture adjustment under topical anesthesia and sedation for a-pattern strabismus with superior oblique overaction. J AAPOS. (2020) 24:219.e1–219.e7. doi: 10.1016/j.jaapos.2020.04.010

32. Liebermann L, Leske D, Hatt S, Holmes J. Test-retest variability of cyclodeviations measured using the double Maddox rod test. J AAPOS. (2018) 22:146–8.e1. doi: 10.1016/j.jaapos.2017.09.010

33. Simiera J, Loba P. Cyclocheck: a new web-based software for the assessment of objective cyclodeviation. J AAPOS. (2017) 21:305–8. doi: 10.1016/j.jaapos.2017.02.009

34. Guyton D. Clinical assessment of ocular torsion. Am Orthopt J. (1983) 33:7–15.

35. Parsa C, Kumar A. Cyclodeviation of the retinal vascular arcades: an accessory sign of ocular torsion. Br J Ophthalmol. (2013) 97:126–9. doi: 10.1136/bjophthalmol-2011-300867

36. Fels R, Walsh L, Sharpe G, LaRoche G. Can imaging of temporal raphe orientation with fundusphotos or SD-OCT be helpful for the assessment of ocular torsion in patients with cranial nerve four paresis? Strabismus. (2021) 29:106–11. doi: 10.1080/09273972.2021.1914681

37. Felius J, Locke K, Hussein M, Stager D, Stager D. Photographic assessment of changes in torsional strabismus. J AAPOS. (2009) 13:593–5.

38. Hussein M, Coats D. Use of iris pattern recognition to evaluate ocular torsional changes associated with head tilt. Ther Adv Ophthalmol. (2018) 10:251584141880649. doi: 10.1177/2515841418806492

39. Kaya A, Keçeli A, Can A, Çakmak H. Cyclotorsion measurement using scleral blood vessels. Comput Biol Med. (2017) 87:152–61. doi: 10.1016/j.compbiomed.2017.05.030

40. Jeune C, Chebli F, Leon L, Anthoine E, Weber M, Péchereau A, et al. Reliability and reproducibility of disc-foveal angle measurements by non-mydriatic fundus photography. PLoS One. (2018) 13:e0191007. doi: 10.1371/journal.pone.0191007

41. Kang H, Lee S, Shin H, Lee A. Measuring ocular torsion and its variations using different nonmydriatic fundus photographic methods. PLoS One. (2020) 15:e0244230. doi: 10.1371/journal.pone.0244230

42. Versino M, Newman-Toker D. Blind spot heterotopia by automated static perimetry to assess static ocular torsion: centro-cecal axis rotation in normals. J Neurol. (2010) 257:291–3. doi: 10.1007/s00415-009-5341-x

43. Lengwiler F, Rappoport D, Jaggi G, Landau K, Traber G. Reliability of cyclotorsion measurements using scanning laser ophthalmoscopy imaging in healthy subjects: the CySLO study. Br J Ophthalmol. (2018) 102:535–8. doi: 10.1136/bjophthalmol-2017-310396

44. Yamadera K, Ishikawa H, Imai A, Okamoto M, Kimura A, Mimura O, et al. A novel method for evaluation of ocular torsion angle by optical coherence tomography. Transl Vis Sci Technol. (2020) 9:27. doi: 10.1167/tvst.9.3.27

45. Borgman C, Haynes J. Measuring acquired ocular torsion with optical coherence tomography. Clin Exp Optom. (2021) 104:132–4.

46. Simiera J, Ordon A, Loba P. Objective cyclodeviation measurement in normal subjects by means of Cyclocheck§application. Eur J Ophthalmol. (2021) 31:704–8. doi: 10.1177/1120672120905312

47. Kushner B, Hariharan L. Observations about objective and subjective ocular torsion. Ophthalmology. (2009) 116:2001–10.

48. Oohira A. Influence of eye dominance on objective and subjective excyclotorsion in unilateral superior oblique muscle palsy: objective cyclotorsion measured by fundus photography. Jpn J Ophthalmol. (2021) 65:644–50. doi: 10.1007/s10384-021-00853-5

49. Ruttum M, von Noorden G. The Bagolini striated lens test for cyclotropia. Doc Ophthalmol. (1984) 58:131–9. doi: 10.1007/BF00140911

50. Almog Y, Nemet A, Ton Y. Measurement of ocular cyclotorsion in superior oblique palsy using a single Maddox rod. J Neuro Ophthalmol. (2014) 34:362–5. doi: 10.1097/WNO.0000000000000148

51. Sen D, Singh B, Mathur G. Torsional fusional vergences and assessment of cyclodeviation by synoptophore method. Br J Ophthalmol. (1980) 64:354–7. doi: 10.1136/bjo.64.5.354

52. Christoff A, Guyton D. The lancaster red-green test. Am Orthopt J. (2006) 56:157–65.

53. Kowal L, Georgievski Z. Evaluating torsion with the torsionometer, synoptophore, double Maddox rod test and Maddox wing: a reliability study. Aust Orthopt J. (1996) 32:9.

54. Flodin S, Karlsson P, Grönlund M. Cyclotorsion measured in a patient population using three different methods: a comparative study. Strabismus. (2016) 24:28–36. doi: 10.3109/09273972.2015.1135967

55. Flodin S, Pansell T, Rydberg A, Andersson Grönlund M. Clinical measurements of normative subjective cyclotorsion and cyclofusion in a healthy adult population. Acta Ophthalmol. (2020) 98:177–81. doi: 10.1111/aos.14201

56. Lili X, Zhiyong H, Jianjun S. Asleep-awake-asleep technique in children during strabismus surgery under sufentanil balanced anesthesia. Paediatr Anaesth. (2012) 22:1216–20. doi: 10.1111/j.1460-9592.2012.03901.x

57. Park S, Kang N, Kim J, Baek J, Hong S. Effect of small head tilt on ocular fundus image: consideration of proper head positioning for ocular fundus scanning. Medicine (United States). (2016) 95:e4752. doi: 10.1097/MD.0000000000004752

58. Terauchi R, Horiguchi H, Ogawa T, Shiba T, Tsuneoka H, Nakano T. Posture-related ocular cyclotorsion during cataract surgery with an ocular registration system. Sci Rep. (2020) 10:2136. doi: 10.1038/s41598-020-59118-9

59. Srujana D, Singh R, Titiyal J, Sinha R. Assessment of posture-induced cyclotorsion during cataract surgery using the verion image-guided system. Med J Armed Forces India. (2021) 77:293–6. doi: 10.1016/j.mjafi.2020.08.014

60. Holmes J, Hatt S, Leske D. Intraoperative monitoring of torsion to prevent vertical deviations during augmented vertical rectus transposition surgery. J AAPOS. (2012) 16:136–40. doi: 10.1016/j.jaapos.2011.11.010

61. Serafino M, Scaramuzzi M, Magli A, Nucci P. Augmented vertical rectus transpositions: intraoperative measurement of torsion following sequential muscle detachment. Eur J Ophthalmol. (2021) 31:2027–31. doi: 10.1177/1120672120946563

62. Lin H, Fang Y, Chuang Y, Karlin J, Chen H, Lin S, et al. A comparison of three different corneal marking methods used to determine cyclotorsion in the horizontal meridian. Clin Ophthalmol. (2017) 11:311–5. doi: 10.2147/OPTH.S124580

63. Fu J, Hsieh M, Lee L, Chen P, Wen L, Chen Y, et al. A novel method ensuring an immediate target angle after horizontal strabismus surgery in children. Front Med (Lausanne). (2023) 9:791068. doi: 10.3389/fmed.2022.791068



OPS/images/fmed-09-1059790-g003.jpg





OPS/images/fmed-09-1059790-g002.jpg





OPS/images/fmed-09-1059790-g001.jpg





OPS/images/fmed-09-1059790-g004.jpg





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A simple marking system for accurate intraoperative monitoring and adjustment of cyclotorsion strabismus surgery



		1. Introduction



		2. Materials and methods



		2.1. Patients



		2.2. Examinations



		2.3. Surgical procedure



		2.4. Main outcomes and statistical analysis







		3. Results



		3.1. Main outcomes



		3.2. Case presentation







		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fmed-09-1059790-t001.jpg
Age
(years)/Sex

49/F

88/M

6/F

89/M

51/M

57/M

6/M

Diagnosis

Tatrogenic bilateral
asymmetric CN3 palsy,
consecutive torsional
strabismus, OD

SOP, ischemic, OD

Alternating esotropia
with primary IOOA,
OS > OD status post
prior strabismus
surgery with residual
I00A, OS > OD

SOP, ischemic, OS

SOP, ischemic, OD

Consecutive

hypertropia, OS

Congenital SOP with
secondary [OOA, OS
status post prior
strabismus surgery with
residual left hypertropia
with IOOA and right
head tilt

Operation

Multiple surgeries*

Recession of IO to
the IR insertion with
anterior
transposition, OD

Recession of IO
(4mm), OD and
posterior
displacement of 10
(4 mm posterior to
1R), OS

Recession of SR
(2mm) +
disinsertion of 10,
(6N

Recession of IO
inferiorly (4 mm)
and medially
(2mm), OD

Recession of IO
(4 mm), OS

10 myotomy +
recession SR (2 mm),
oS

Pre-op
cover test

RET 14A, RHoT
5A*

RHT 4A

I00A (0S
2+> OD 1+);
right head tilt

LHT 16A; 3-step:
LRL

RHT 2A; 3-step:
RLR

LHT 2A; 3-step:
negative
LHT 6A; I00A 3

+ (OS); right head
tilt

Post-op cover
test

RET 20A, RHoT6A*

Ortho

No more head tilt
and IOOA

Ortho

Ortho

LHoT 1A

Ortho but still mild
right head tilt; IOOA
2+ (OD, reversal)

5/2

—3/13

0/12

5/0

1/6

1/4

Post-op | Pre-op

DMR®
OD/OS

)

—4/0

—1/2

-1/0

—1/-2

—1/0

1/0

0/—1

DFA*
OD/OS
)

—20.54/5.58

4.55/5.95

0.19/22.47

8.30/15.66

6.43/11.22

11.37/15.40

12.26/10.41

Post-op

DFA*
OD/OS
)

0.40/5.18

—0.15/6.58

1.23/9.21

5.96/2.62

5.56/6.42

10.23/9.67

8.91/7.31

Overall
corrected
DMR (°)°

23

—11

Overall
corrected
DFA (°)¢

20.54

—4.07

—12.22

—15.38

—5.64

—6.87

—6.45

Follow-

up
months

234

9.3

6.5

6.2

9.4

9.7

10.2






OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Medicine

A simple marking system
for accurate intraoperative
monitoring and adjustment
of cyclotorsion strabismus

surgery





OPS/images/fmed-09-1059790-t001a.jpg
8 63/F SOP, ischemic, OS Recession of SR RHoT 25A; 3-step: | Ortho 0/12 0/0 7.99/20.45 7.64/8.34 —12 —12.46 6.2
(8 mm), OS LRL
9 66/M Idiopathic orbital Recession of SR RHT 30A Ortho at primary; ET 7/ 1/0 2.86/2.26 1.45/4.61 7 6.66 121
inflammation with (7 mm) + muscle 8A with LHoT 6A at
secondary hypertropia, | biopsy, OD down gaze
OD
10 49/F Alternating exotropia Recession of IR LXT 6A, LHoT Ortho 4/8 2/0 14.84/17.28 | 12.35/10.24 —10 —9.53 6.2
with left hypotropia and | (5 mm), OS 5A
strong right eye
preference
11 58/F TAO, OU with Recession of IR RHoT 30A, RET Ortho 8/0 1/0 16.54/7.82 9.13/7.14 -7 —8.09 8.3
secondary hypertropia | (10 mm) and MR 40A; mild
and esotropia, OD (6 mm), OD imitation of upper
gaze (OD)
2 19/M Traumatic SOP with Resection of [O RHT 8A; IOOA Ortho 12/0 2/0 7.08/12.53 —2.9/13.34 —10 —9.17 6.1
secondary IOOA, OD (8 mm), OD .5+ (OD); 3-step:
RLR
3 27/M Congenital SOP with Recession of IO + LHT 4A; IO0OA3 | Ortho 13/5 4/0 22.47/13.71 12.38/8.30 —14 —15.5 9.6
IOO0A, OS and right recession of SR + (OD); right head
head tilt (1.5 mm), OS ilt,
4 73/M SOP, ischemic, OS with | Recession of IO LHT 4-6A Ortho 0/12 0/3 8.19/22.54 8.48/13.52 -9 —8.73 154
VR surgery for RD (10 mm) + recession
3 months prior SR (3 mm), OS
5 7/M Congenital SOP with Recession of IO LHT 4A; I00A2 + | Ortho 0/5 0/0 9.32/14.07 9.09/9.15 -5 —5.15 6.7
secondary [OOA, OS (10 mm), OS (0S)
CN, cranial nerve; DFA, disc-center-fovea angle; DMR, double Maddox rod; ET, esotropia; HoT, hypotropia; HT, hypertropia; 1O, inferior oblique; IOOA, inferior oblique overaction; IR, inferior rectus; MR, medial rectus; OD, right eye; OS, left eye; OU,
both eyes; RD, retinal detachment; TAO, thyroid-associated orbitopathy; SOP, superior oblique palsy; SR, superior rectus; VR, vitreoretinal; XT, exotropia.

Pre-and postoperative cyclotorsions were measured with the subjective double Maddox rod test and were the main factor determining the surgical markings. Positive numbers indicate excyclotorsion and negative numbers incyclotorsion.
#The pre-and postoperative DFA was calculated using the online software Cyclocheck and used to confirm the subjective torsion measured.
SThe difference between the pre-and postoperative DMR sum of the right and left eye was calculated to represent overall correction.

9The difference between the pre-and postoperative DFA sum of the right and left eye was calculated to represent overall correction.
*Patient 1 had multiple surgeries and was presented in detail in the text.
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