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Abstract 
AIM: To investigate and discover whether different insertion areas for Baerveldt glaucoma implant (BGI) surgery 
produce different outcomes in terms of the reduction of intraocular pressure (IOP). 

METHODS: This retrospective study involved the review of cases of patients admitted at Toho University Sakura 
Medical Center, who underwent BGI surgery via the pars plana route for the treatment of neovascular glaucoma. 
The patients were divided into two groups: the superotemporal insertion group [18 eyes in 16 subjects (13 males, 
3 females; mean age 62.9±14.4y)] and the inferonasal insertion group [17 eyes in 15 subjects (11 males, 4 
females; mean age 56.9±10.7y)]. The patients were followed up and re-evaluated at 12mo. The IOP reduction rate 
12mo after surgery relative to preoperative IOP was compared between the two groups. 

RESULTS: The mean preoperative IOP was 31.1±10.0 mm Hg and postoperative IOP was 14.4±4.5 mm Hg in 
the superotemporal group, whereas for the inferonasal group, the mean preoperative IOP was 34.9±9.7 mm Hg 
and postoperative IOP was 15.9±3.7 mm Hg. The IOP reduction rate of the superotemporal group was 
50.0%±19.0% and that of the inferonasal group was 51.2%±16.3%. There was no significant correlation between 
the two groups (Student’s t-test, P=0.590). 

CONCLUSION: There was no difference in the short-term clinical outcomes between superotemporal and 
inferonasal BGI performed via the pars plana route. 

KEYWORDS: Baerveldt glaucoma implant; intraocular pressure; superotemporal; inferonasal; pars plana route 

DOI:10.18240/ier.2021.04.04 
This article is based on a study first reported in the Guoji Yanke Zazhi (Int Eye Sci) 2021;21(1):15-20. 
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plana route. Int Eye Res 2021;2(4):199-205 

 

INTRODUCTION 

The effectiveness of Glaucoma drainage implants (GDIs) in reducing intraocular pressure (IOP) have been reported in 

patients with refractory glaucoma[1-6]. GDIs have the Molteno implant (Molteno Ophthalmic Ltd, Dunedin, New 

Zealand), the Baerveldt glaucoma implant (BGI) (AMO, Santa Ana, California, USA), and the Ahmed glaucoma valve 
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(New World Medical, Rancho Cucamonga, California, USA). The BGI Plate are larger relative to the Ahmed and the 

Molteno. Most BGI procedures are performed in the superotemporal quadrant, making the placement of the BGI plate 

easier as shown in the figures as the rectus muscles are more easily exposed in this location than the other quadrant 

(Figures 1 and 2). 

 

Figure 1 The BGI insertion in the superotemporal quadrant (The insertion space is wider). 

 

Figure 2 The BGI insertion in the inferonasal quadrant (The insertion space is narrower). 

 

It is unfortunate that the sclera, and/or conjunctiva is often scarred from previous surgeries of the superotemporal 

quadrant in the eyes with refractory glaucoma. Conversely, the inferior conjunctiva is often kept from incision 

nevertheless the superior conjunctiva was scarred in the eye. A previous report has demonstrated that IOP reduction was 

recorded after inferonasal BGI surgery[7] and we considered that the difference in the insertion area of the plate might 

affect the filtration area around the plate, but there are no reports on whether the BGI insertion area affects IOP 

reduction. Therefore, the aim of this study was to evaluate the difference between superotemporal and inferonasal BGI 

surgeries in terms of IOP reduction for patients with neovascular glaucoma (NVG). 

SUBJECTS AND METHODS 

Ethical Approval  The study was performed in accordance with the tenets of the Declaration of Helsinki. The ethics 

committee of Toho University Sakura Medical Center approved the protocol for this retrospective study (approval 

number S16047). In accordance with the clinical research guidelines of the Japanese Ministry of Health, Labour, and 

Welfare, the study design was explained to subjects using the hospital’s website.  

We reviewed retrospectively the medical records of all patients who underwent BGI surgery for the treatment of NVG 

at Toho University Sakura Medical Center between June 2015 and April 2018. Because the type of glaucoma affects the 

IOP reduction of the BGIs, we only included NVG cases in our study to minimize the variations[8-10]. All the patients 

were followed up for 12mo after surgery. Patients observed during shorter period or undergoing another glaucoma 

surgery during the follow-up period were excluded. The included cases were divided into two groups as follows: the 

superotemporal insertion group, which included 18 eyes in 16 subjects (13 males, 3 females; mean age 62.9±14.4y), and 

the inferonasal group, which included 17 eyes in 15 subjects (11 males, 4 females; mean age 56.9±10.7y).  

In the current study, the number of anti-glaucoma medications used by the patients was counted using the following 

criteria: mono-component medication drop equals one medication, double-component medication drop equals two 

medications, and oral anti-glaucoma agent equals two medications because a previous study reported that the effect of a 

combination of drugs is equal to that of an oral anti-glaucoma drug[11]. We determined successful cases with BGI 

surgery that cases when the postoperative IOP was between 6 and 22 mm Hg, without the use of oral anti-glaucoma 

medications, visual acuity at the final visit with light perception or better, and when further glaucoma surgeries were not 

needed. The IOP (measured with a Goldmann applanation tonometer), visual acuity, and the number of anti-glaucoma 

medications administered at 12month visit were compared with the values recorded at the preoperative visit. The IOP 

was measured 3 times at the same visit and the mean value was recoreded. Visual acuity was measured by decimal 

visual acuity and then converted the logMAR visual acuity. The IOP and the number of anti-glaucoma drugs used 

before and after surgery, and the IOP reduction rate at 12 months after operation relative to preoperative IOP was 

compared between the superotemporal and inferonasal groups. 
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Baerveldt Glaucoma Implant Surgery We performed BGI surgery similar to the method mentioned before[12]. The 

incision was designed along the corneal limbus of conjunctiva exposed, either the superior and lateral recti muscles or 

the inferior and medial recti muscle, depending on the chosen point of insertion of the plate following the administration 

of Sub-Tenon’s anesthesia. The insertion area was decided at the operator’s discretion depending on the condition of the 

conjunctiva in each case. Following the creation of A 6×6-mm fornix-based lamellar scleral flap in the superotemporal 

quadrant or inferonasal quadrant, an infusion cannula was placed in the inferotemporal quadrant to prevent the collapse 

of eye ball during the BGI surgery. The other two ports were created under the scleral flap on the same side if the 

scleral flap was made in the superotemporal quadrant and on the conjunctiva of the other side if the flap was made in 

the inferonasal quadrant. Pars plana vitrectomy was performed if the vitreous was present. Additional 

endophotocoagulation was performed in all cases. The BGI tube was knotted using an 8-0 polyglactin suture thread to 

prevent excessive outflow until plate encapsulation and insertion beneath the lateral and superior recti muscles in the 

superotemporal quadrant or beneath the medial and inferior recti muscles in the inferonasal quadrant were completed. 

Following anchoring the anterior edge of the plate to the sclera, a sclerotomy was made at 3.5 mm from the limbus 

under the lamellar scleral flap with a 20-gauge V-lance. The Hoffmann elbow and tube were inserted through the 

sclerotomy port and fixed in place with an 8-0 nylon thread. The Hoffmann elbow was then covered with the scleral 

flap, which was sutured closed with a 10-0 nylon thread. To avoid early postoperative elevation of IOP, a Sherwood slit 

was made using a microblade. Finally, the infusion cannula was removed, and the sclera was covered with the 

conjunctiva again with a continuous suture (Figure 3). 

 

Figure 3 A: the insertion of BGI in the superotemporal quadrant. The plate was placed between the lateral rectus muscle and the 

superior rectus muscle. B: the insertion of BGI in the inferotemporal quadrant. The plate was placed between the inferiorl rectus 

muscle and the medial rectus muscle.  

 

Statistical Analysis  All statistical analyses were performed using Statcel software (OMS, Saitama, Japan). A P-value 

<0.05 was considered statistically significant. Fisher’s exact test was used to compare sex-related differences. 

Mann-Whitney U-test was used to assess the difference in the IOP values, the number of previous surgery and the 

number of anti-glaucoma medications used between the superotemporal group and the inferonasal group. A paired t-test 

was used to assess the difference in the logMAR visual acuity, the IOP values, and the number of anti-glaucoma 

medications used before and after surgery. The student’s t-test was used to assess the difference in the IOP reduction 

rate. χ2 test was used to assess the difference in the success rate.  

RESULTS 

The number of previous surgeries was 1.2±0.4 times in the superotemporal group and 1.6±0.9 times in the inferonasal 

groups(Mann-Whitney U-test, P=0.28) (Table 1). The type of previous surgery was simple vitrectomy, cataract surgery, 

phacovitrectomy, and trabeculectomy. One case in the superotemporal group underwent a combined vitrectomy/BGI 

procedure on both eyes. The remaining eyes underwent BGI alone because they were vitrectomized eyes. The mean 

visual acuity in the superotemporal group was 1.08±0.58 at the first visit and 0.89±0.82 at 12mo follow-up (Paired t-test, 

P=0.18) (Table 2). The mean visual acuity in the inferonasal group was 1.42±0.72 at the first visit and 1.57±0.91 at the 

12mo follow-up visit (paired t-test, P=0.95) (Table 2). The mean IOP in the superotemporal group was 31.1±10.0 mm 
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Hg at the preoperative visit and 14.4±4.5 mm Hg at the 12mo follow-up (Paired t-test, P<0.05) (Figure 4, Table 2). 
Table 1 Demographic and clinical characteristics 

Parameters� Inferonasal group� Superotemporal group� P�

Sex (n)� M (11) / F (4)� Male (13)/Female (3)� 0.46�

Age� 56.9±10.7� 62.9±14.4� 0.10�

Previous surgery� 1.6±0.9� 1.2±0.4� 0.28�

Preoperative visual acuity (logMAR)� 1.42±0.72� 1.01±0.58� <0.05�

Preoperative IOP (mm Hg)� 34.9±9.7� 31.1±10.0� 0.11�

Number of preoperative anti-glaucoma drugs� 5.2±1.1� 4.7±1.4� 0.37�

Postoperative visual acuity (logMAR)� 1.57±0.91� 0.89±0.82� <0.05�

Postoperative IOP (mm Hg)� 15.9±3.7� 14.4±4.5� 0.33�

Number of postoperative anti-glaucoma drugs� 3.4±1.7� 2.0±1.2� <0.05�

IOP reduction rate (%)� 51.2±16.3� 50.0±19.0� 0.59�

Glaucoma drugs reduction rate (%)� 69.9±44.7� 30.6±26.7� <0.05�

Success rate (%)� 76.5� 88.9� 0.330�

Complications� non� non� -�

IOP: Intraocular pressure. 

Table 2 LogMAR, IOP, and the number of hypotensive drugs between preoperative and postoperative 

Parameters� Preoperative� Postoperative� P�

Superotemporal group (LogMAR)� 1.01±0.58� 0.89±0.82� 0.18�

IOP � 31.1±10.0� 14.4±4.5� <0.05�

Number of hypotensive drugs � 4.7±1.4� 2.0±1.2� <0.05�

Inferonasal group (LogMAR)� 1.42±0.72� 1.57±0.91� 0.95�
IOP� 34.9±9.7� 15.9±3.7� <0.05�

Number of hypotensive drugs� 5.2±1.1� 3.4±1.7� <0.05�

IOP: Intraocular pressure. 

 

Figure 4 IOP values of the superotemporal group. 

 

The mean IOP for the inferonasal group was 34.9±9.7 mm Hg at the preoperative visit and 15.9±3.7 mm Hg at the 

12mo follow-up (Paired t-test, P<0.05) (Figure 5). 
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Figure 5 IOP values of the inferonasal group. 

 

Surgery significantly reduced the number of anti-glaucoma medications used in the superotemporal group, from 4.7±1.4 

medications before surgery to 2.0±1.1 medications after surgery (Paired t-test, P<0.05) (Figure 6). 

 

Figure 6 Number of anti-glaucoma drugs used by the patients in the superotemporal group. 

 

Surgery significantly reduced the number of anti-glaucoma medications used in the inferonasal group as well, from 

5.2±1.1 medications before surgery to 3.4±1.7 medications after surgery (Paired t-test, P<0.05) (Figure 7). 

 

Figure 7 Number of anti-glaucoma drugs used by the patients in the inferonasal group. 

 

The IOP reduction rate of the superotemporal group was 50.0%±19.0% and that of the inferonasal group was 

51.2%±16.3%. There was no significant correlation between the two groups (Student’s-t test, P=0.590) (Table 1). The 

glaucoma drugs reduction rate of the superotemporal group was 30.6%±26.7% and that of the inferonasal group was 
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69.9%±44.7%. There was a significant correlation between the two groups (Student’s-t test, P<0.05). We classified BGI 

surgery as successful in 16 out of 18 (88.9%) cases in the superotemporal group and 13 out of 17 (76.5%) cases in the 

inferonasal group. There was no significant correlation between the two groups (χ2-test, P=0.330). There were no 

surgery-related complications, such as exposure of the tube and plate or endophthalmitis, in all cases by slit-lamp 

examination.  

DISCUSSION 

The benefit of insertion of GDIs in the inferonasal quadrant has been reported in several reports[7,13]. Read et al. 

evaluated a cohort of patients who received a Molteno implant[14] (previously reported by Mills et al[15]) and found no 

difference in clinical outcomes based on plate location. Kara et al. reported that inferonasal BGI placement appeared to 

be safe and they suggested this as an alternative method in certain clinical situations[7]. Different from the Ahmed valve, 

the BGI plate is generally inserted under the extraocular recti muscles because the size of the plate is 350 mm2, which is 

bigger than the plate used for Ahmed glaucoma valve surgery. Moreover, the procedure of inserting the BGI plate into 

the inferonasal quadrants is difficult than that of the superotemporal depending on the extraocular muscle of the 

adhesion area. The adhesion areas of the extraocular muscles are 5 mm from the limbus for the superior rectus muscle, 

7 mm from the limbus for the inferior rectus muscle, 6 mm from the limbus for the medial rectus muscle, and 9 mm 

from the limbus for the lateral rectus muscle. Therefore, BGI placement locations, in order of preference, are as follows: 

superotemporal quadrant, inferotemporal quadrant, inferonasal quadrant, and superonasal quadrant. Because the 

insertion area is wide and easily exposed in this location, making the placement of the BGI plate easier, BGI procedures 

are usually performed in the superotemporal quadrant [16-17]. 

The previous report has demonstrated that the aqueous humor is absorbed by the fibrous capsule around GDI plates[18]. 

GDIs sometimes fail to control IOP, and after a period of time, may have their IOP-lowering effect decreased due to 

further scarring and thickening of the fibrous capsule around the plate[17,19-22]. We considered that the area of the BGI 

plate covered under the muscle in the inferonasal quadrant is larger than that in the superotemporal quadrant; this 

affects the formation of the fibrous capsule and can influence IOP reduction depending on the insertion area.  

In the present study, we examined the difference in the effectiveness of IOP reduction between inferonasal and 

superotemporal BGI. Previous studies that examined GDI implants in eyes with NVG reported successful proportion as 

60%[8-9]. In contrast, the IOP remained sufficiently reduced in 84.6% of patients one year following GDI placement in 

the superotemporal quadrant[10]. Since the type of glaucoma affects the result of IOP reduction, we assessed only NVG 

cases in the present study. The results of the present study showed that there was no significant difference in IOP 

reduction for NVG between the inferonasal and superotemporal groups. This might lead to considering that the 

formation of the filtration bleb of BGI was not easily affected by the extraocular muscle. Fluid collections and 

endoplate characteristics are easily visualized with MRI[18]. Further studies involving the use of MRI for the 

measurement of the fibrous capsule around the BGI plate are needed.  

Therapeutic management of NVG includes panretinal photocoagulation and vitrectomy; however, NVG occurrence 

after vitrectomy for proliferative diabetic retinopathy has been reported[23-24]. Making a scleral flap for BGI in the 

superotemporal quadrants is often difficult because a three-port vitrectomy causes scleral and/or conjunctival damage in 

these quadrants during the vitrectomy. Additionally, glaucoma filtration surgery is generally performed in the superior 

side to prevent possible endophthalmitis. The superotemporal quadrant could not be used for BGI surgery in eyes which 

previously underwent vitrectomy or glaucoma surgery. 

This study has several limitations. First, the current study has a small number of cases in both groups. A study with a 

large sample size is needed in the future. Second, the visual acuity in the inferonasal group was worse than that in the 

superotemporal group. This indicates that the preoperative state might have differed between the two groups. Further 

studies with the two groups in the same preoperative state are needed. The third is the interpretation of the difference in 

the anti-glaucoma drug reduction after the operation. The drug reduction rate of the superotemporal groups was 

significantly higher than that of the inferonasal groups in the current study. It is difficult to assess how one medication 

to concrete degree of IOP reduction. However, the difference in the reduction of the anti-glaucoma drugs did affect the 

IOP after the operation. Considering this, the IOP reduction of the superotemporal groups might be higher than that of 

the inferonasal groups. In a future study, assessment of the IOP reduction considering the number of hypotensive drugs 

is needed. Finally, the follow-up period was only one year in the present study. The surgical outcomes of the inferonasal 

and superotemporal BGI procedures were not different; however, complications such as exposure of the silicone tube 

6



may occur during the late postoperative period. Tube exposure can lead to ocular inflammation, hypotony, poor vision, 

and phthisis bulbi and represents a major risk factor for the development of late endophthalmitis, with the exposed tube 

providing a pathway for organisms to enter the eye through the ocular surface. Pakravan et al[25] found more significant 

complications, including tube exposure, with Ahmed glaucoma valve implants placed inferiorly (25%) as compared to 

those placed superiorly (5.2%) in their study of 106 eyes assessed for an average follow-up period of 10.58±6.75mo. 

Levinson et al[26] also found that implants placed inferiorly were more frequently exposed (15.6%) as compared to 

implants placed superiorly (6.3%). Therefore, studies with longer follow-up periods are needed to assess long-term risks 

for plate exposure and elevated IOP following inferonasal BGI placement. 

In conclusion, the results of the present study suggest that there is no difference in the short-term clinical outcomes 

between superotemporal and inferonasal BGI surgeries performed via the pars plana route. Therefore, the first choice of 

the BGI insertion is the superotemporal quadrant because of the ease of the insertion, however, the inferonasal BGI 

surgeries might be considered a good option depending on the condition of the conjunctiva[27]. 
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Abstract 
AIM: To study clinical profile of amblyopia and also the outcomes of occlusion therapy among the amblyopes. 

METHODS: This was a hospital-based longitudinal study by design. Data were collected from April 2015 to April 
2016 in Ophthalmology Department of Dhulikhel Hospital. Presenting visual acuity, chief complaint at 
presentation, age at presentation, refractive status, binocularity and fixation patterns were assessed in all the 
children with amblyopia. Improvement in visual acuity was also noted in all the subjects after occlusion therapy, 
which is a most commonly used modality of treatment for amblyopia. 

RESULTS: Among 1092 children examined during the study period, 60 (5.49%) were amblyopic. Among them, 
35 (58.30%) were females and 25 (41.70%) were males. The mean age at presentation was 8.87±3.29y. 
Meridional amblyopia was the most prevalent subtype seen in 43.3% (n=26) of children followed by 
anisohypermetropic amblyopia (20%, n=12). The most common refractive error was astigmatism accounting for 
58.30% of the total cases followed by hypermetropia (22.5%) and myopia (7.5%). Compliance with spectacle wear 
combined with occlusion therapy and active vision therapy was 73.3% (n=44). There was a statistically significant 
improvement in visual acuity of the amblyopic eyes after the different treatment strategies after 3mo (P=0.002). 

CONCLUSION: Prevalence of amblyopia and associated visual impairment is still a public health issue in 
developing countries like Nepal. Lack of awareness and lack of community or preschool vision screening for 
children lead to late presentation and significant visual impairment associated with the condition. The burden can 
easily be reduced with screening camps, timely referrals and proper interventions. 
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INTRODUCTION 

Amblyopia originates from the Greek language which means dimness or dullness of vision. Amblyopia is also called 

lazy eye in a laymen term. Depending upon the prevailing patho-physiological concept about its etiology, this condition 

has been defined in a variety of ways. Simply, amblyopia can be defined as a unilateral or bilateral reduction in visual 
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acuity caused by abnormal binocular interaction or deprivation of pattern vision; though no cause can be found on 

physical examination of the eye, some cases are reversible by therapeutic measures[1]. Many research works have shown 

that the deficit in amblyopia extends beyond monocular visual acuity impairment. Higher-order function such as 

binocular vision, fixation instability, and visuomotor activities are also impaired due to abnormal interocular 

interactions[2-3]. Approximately, 3% of the population is affected by Amblyopia and it has been estimated to carry a 

projected lifetime risk of visual loss of at least 1.2%[4]. Whatever may be the etiology, the basic mechanisms in the 

amblyopic cases are either form deprivation in one or both eyes or abnormal binocular interaction between the eyes[4-6]. 

It is one of the most common causes of childhood[7-10] and adult visual impairment[11-13]. Lack of awareness among 

parents and poor attitude towards routine screening can prevent amblyopia and unilateral amblyopia can only be 

identified early during screening.  

Amblyopia is the result of degradation of the quality of retinal image during a sensitive period of visual development, 

which has been supposed to be the first 7 years of life[14]. It is to be understood that sensitive period for amblyopia 

development and the sensitive period during which treatment is possible, might vary with cases. Vision deterioration 

secondary to amblyopia can be permanent if corrective interventions are not taken in time. Amblyopia imparts great 

negative effects on the social, economic, behavioral, educational, physical and psychological aspects of a community. 

The burden of disability due to amblyopia can be pronounced when one takes into account the duration of life with 

visual disability[15-16]. Therefore, timely diagnosis, proper treatment of the problem in either of the eyes and follow up 

measures is very important. 

SUBJECTS AND METHODS 

Ethical Approval  Written consent was taken from each child and parent prior enrolling in the study and ethical 

clearance was obtained from the Institutional Review Committee (IRC-KUSMS). The study protocol adhered to the 

provision of the Declaration of Helsinki for research involving human subjects. Responses were anonymized and 

participants were made aware of this fact before participation in the study. The names and status of all the participants 

were made strictly confidential. 

This study was a hospital-based longitudinal, conducted from April 2015 to April 2016. All children less than 15 years 

of age who were diagnosed with amblyopia were included in the study. The study period was divided as: 6mo of data 

collection, 3mo for spectacle wear after cycloplegic correction as refractive adaptation and 3mo of occlusion after full 

refractive correction. The assessment of children included history, presenting visual acuity (PVA), best corrected visual 

acuity (BCVA) after cycloplegic [cyclopentolate (1%)] refractive correction (post mydriatic test was done after 3d) and 

the chief reason or concern for which the children were brought for ocular examination. It also included detail history 

on the age of presentation, any previous treatments and/or interventions and detail ocular examinations as required.  

Visual acuity was assessed with log MAR chart in children older than 4 years of age. Those who couldn’t co-operate on 

logMAR chart were assessed with other charts like Kay picture or Sheridan Gardiner charts or preferential looking 

charts. The following definitions were used to classify the refractive error[17]: 1) Hypermetropia: refractive error greater 

than or equal to +0.50 DS. This was further categorized as low hypermetropia (≥0.50 D to <3.0 D), moderate 

hypermetropia (≥3.0 D to <6.0 D) and high hypermetropia (≥6.0 D); 2) Myopia: refractive error of greater than or equal 

to -0.50 DS. This was further classified as low myopia (≥-0.50 D to <-3.0 D), moderate myopia (≥-3.0 D to <-6.0 D) 

and high myopia (≥-6.0 D); 3) Astigmatism: any cylindrical error of greater than or equal to ±0.5 D. Astigmatism was 

further classified as simple myopic astigmatism, simple hyperopic astigmatism, compound astigmatism and mixed 

astigmatism. It was further divided as “with the rule” when myopic astigmatism at 180±30 or hypermetropic 

astigmatism at 90±30, and “against the rule” when myopic astigmatism at 90±30 or hypermetropic astigmatism at 

180±30. Astigmatism at >30 to <60 or >120 to <150 was considered as oblique astigmatism. 

Depth of amblyopia was classified according to the BCVA attained as follow[18]: 1) shallow amblyopia: 20/15 to 20/60; 

2) moderate amblyopia: 20/70 to 20/100+; 3) deep amblyopia: 20/200 and worse. 

Visual impairment was classified according to the presenting visual acuity with which the children present to the 

department. Visual impairment was further classified[19] as: 1) Normal vision: 20/10-20/25; 2) Mild visual impairment: 

20/30-20/60; 3) Moderate visual impairment: 20/70-20/160; 4) Severe visual impairment: 20/200-20/400; 5) Profound 

visual impairment: 20/500-20/1000; 6) Near total visual impairment: <20/1000; 7) Total visual impairment: no light 

perception. 

Detail orthoptic evaluations were performed. Cover test was performed for those having phoria or tropia. Fixation 
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Pattern was assessed by the Linkz star configuration of the standard Heine’s direct ophthalmoscope. Binocularity was 

assessed using red-green glass and worth four dot test (WFD) after full correction of refractive error if any present. 

Cases with eccentric fixation and wandering or no fixation were excluded from the study. Anterior segment and Fundus 

were examined. Color vision was screened by Isihara color vision charts and if required by Farnsworth 15 D after full 

refractive correction. All the subjects were prescribed full correction of refractive error.  

The subjects were asked to use the spectacles for 3mo as the period of refractive correction adaptation and called for 

follow up every 1mo to see whether they are using spectacle regularly or not. Visual acuity recorded after 3mo of 

spectacle wear was recorded as refractive adaptation visual acuity (RAVA). Occlusion was commenced only after 3mo 

of spectacle wear. Oclussion was initiated at minimum of 6h per day for deep amblyopia; 4h per day for moderate 

amblyopia and 2h per day for shallow amblyopia (part time direct patching in foveal fixation) in the sound eye and 

alternate patching for those having binocular amblyopia. Opticlude eye patches were used in this study. Active home 

vision therapy was advised with occlusion and improvement after occlusion was also noted. Active home vision therapy 

like drawing, tracings, writing, bead stringing, television viewing, video games, puzzles etc. were advised along with 

occlusion therapy. Visual acuity was then recorded first after 1mo of occlusion, secondly after 2mo of occlusion and 

finally after 3mo of occlusion. The data were analyzed by SPSS 16.0. 

The following criteria were used as diagnostic criteria for classification[16]. Amblyopia can be defined in following ways: 

1) If the difference in the BCVA between the two eyes is two or more Snellen’s lines provided no organic lesion that 

could result in visual reduction; 2) A BCVA of less than 6/12 in each eye on the Snellen’s chart provided no organic 

lesion that could result in a decrease in vision[20]. Amblyopia was categorized according to following criteria[21-22]. 

Strabismic Amblyopia  Amblyopia that results due to the presence of a manifest deviation (heterotropia) at near or 

distance fixation without any anisometropia.  

Anisometropic Amblyopia  Amblyopia due to the presence of anisometropia of 1.0 D or more in spherical equivalent, 

or a 1.5 D or greater difference in astigmatism between the eyes but without any measurable heterotropia at near or 

distance. 

Combined Amblyopia  Amblyopia due to a heterotropia at near or distance along with anisometropia of 1.0 D or 

more in spherical equivalent or a 1.5 D or greater difference in astigmatism in any meridian between the eyes. 

Sensory Deprivation Amblyopia  Amblyopia that results due to deprivation of stimulus to retina (cataract, media 

opacities or ptosis) without any refractive errors or heterotropia that could lead to the amblyopia.  

Ametropic Amblyopia  Amblyopia that results due to refractive errors of more than 1.0 D spherical equivalent in both 

eyes resulting in subnormal vision in one or both eyes and no associated heterotropia or any other ocular pathology.If 

patients have significant anisometropia (as per the criterion mentioned above) along with high refractive errors in both 

eyes, then they were classified as Anisometropic amblyopia group. Patients having strabismus for near and distance 

with bilateral refractive errors more than 1 D spherical equivalent were classified as strabismic amblyopia. 

Meridional Amblyopia  Patients having regular astigmatism greater than or equal to 1.5 D of astigmatism in any of 

the meridian or those with irregular astigmatism in eyes, leading to decrement in vision in one or both eyes and no 

associated heterotropia or anisometropia were kept under meridional amblyopia. Patients having significant 

anisometropia (as discussed above) along with a difference of 1.5 D or more astigmatism between the two eyes were 

classified as Anisometropic amblyopes. Similarly, patients having heterotropia for near and distance with regular 

astigmatism of more than 1.5 D or irregular astigmatism were classified under strabismic amblyopia. 

Statistical Analysis  Data were entered and analyzed on SPSS 16. Results were analyzed using relevant statistical 

tools. Descriptive tabulations and chi-square tests were used to generate descriptive information from qualitative data 

assuming normalcy. 

RESULTS 

Among the total number of 1092 children visiting ophthalmology department, 60 (5.49%) subjects were amblyopic. 

Total amblyopic eyes diagnosed were 86. The average age of presentation of amblyopic children was 8.87±3.29 (range: 

3-15)y. Females were more common in presentation accounting for 58.30% of total participants. The 26.67% (n=16) 

children were ages ranging 3-7y, 40% (n=24) age range 7-11y, and 33.33% (n=20) age range 11-15y (Table 1). 

Common complaints reported were difficulty in viewing board (25%, n=15), and headaches (20%, n=12) and squint 

(20%, n=12). The 20% of the children were asymptomatic and  detected on routine examination. The 56.7% (n=34) of 

the cases were monocular and 43.3% (n=26) were binocular amblyopia (Table 2). 
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Table 1 Age distribution with types of amblyopia          n 

3-7y� 7-11y� 11-15y�
Types of amblyopia�

M� F� M� F� M� F�

Strabismic� 0� 0� 0� 3� 0� 1�

Anisometropic (hyperopic)� 1� 2� 0� 1� 4� 4�

Anisometropic (myopic)� 0� 1� 1� 0� 0� 1�

Combined myopic� 1� 1� 0� 3� 1� 0�

Stimulus deprivation� 0� 0� 1� 1� 0� 0�

Iso hyperopic� 3� 0� 1� 1� 0� 1�

Iso myopic� 0� 0� 0� 1� 0� 0�

Meridional� 6� 1� 3� 8� 3� 5�

 

Table 2 Chief complaints 

Complaints� n (%)�

Difficulty in board letters� 15 (25.00)�
Regular check ups� 12 (20.00)�
Headache� 12 (20.00)�
Squinting of eyes while looking� 9 (15.00)�
Blurred vision� 3 (5.00)�
Unusual way of looking objects� 3 (5.00)�
Associated with other syndromes� 3 (5.00)�
Deviation of eyes� 2 (3.33)�
Bumping into objects while walking� 1 (1.67)�
Total� 60 (100.00)�

 

Meridional amblyopia being the most common form of the amblyopia, astigmatism was the most common type of 

refractive error found among the clients. The average age of presentation of children with amblyopia was 7.16y for 

isohyperopic amblyopia, the earliest of all presentation. Average presenting age of anisohyperopic amblyopia is 

significantly higher than that of other types of amblyopia (Tables 3-5). 
Table 3 Amblyopia distribution  

Types of amblyopia� n (%)�

Meridional � 26 (43.33)�
Anisometropic � 15 (25.00)�
Anisohypermetropic� 12 (20.00)�
Anisomyopic� 3 (5.00)�
Isoametropic� 7 (11.67)�
Isohyperopic� 6 (10.00)�
Isomyopic� 1 (1.67)�
Combined� 6 (10.00)�
Strabismic� 4 (6.67)�
Stimulus deprivation� 2 (3.33)�
Total� 60 (100.00)�

 

Table 4 Type of amblyopia and age of presentation 

Types of amblyopia� Mean age of presentation, y�

Isohyperopic� 7.16±2.90�
Combined� 8.00±3.57�
Isomyopic� 8.00±0.00�
Strabismic� 8.25±1.89�
Anisomyopia� 8.33±3.78�
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Stimulus deprivation� 8.50±2.12�
Meridional� 8.76±3.29�
Anisohyperopic� 10.83±3.63�

 

Table 5 Refractive error  

Refractive error� n (%)�

Astigmatism� 70 (58.33)�
With the rule� 54 (45.00)�
Aginst the rule� 13 (10.83)�
Oblique� 3 (2.50)�
Hypermetropia� 27 (22.50)�
Myopia� 9 (7.50)�
Emmetropia� 14 (11.67)�
Total� 120 (100)�

 

Most of the cases were orthophoric (73.3% for near and 75% for distance). The 13.3% of total clients had exotropia for 

near and distance. Esotropia was found among 10% of the total clients for both, near and distance. The 70% of the 

clients had binocular single vision despite of amblyopia whereas remaining 30% showed suppression in amblyopic eyes 

for near and distance (Table 6). 
Table 6 Cover test                               n (%) 

Types� Near� Distance�

Orthophoria� 44 (73.33)� 45 (75.00)�
Exotropia� 8 (13.33)� 8 (13.33)�
Esotropia� 6 (10.00)� 6 (10.00)�
IXT� 1 (1.67)� -�
Exophoria� 1 (1.67)� 1 (1.67)�
Total� 60 (100.00)� 60 (100.00)�

IXT: Intermittent exotropia.  

 

The result regarding previous treatment is not satisfactory as 61.7% of the total subjects didn’t receive any form of 

treatment for the problem (Table 7). Most of these cases were new presentation. Few subjects, though had ocular 

examination, were not under any interventions for amblyopia. The 26.7% of total cases were using only spectacle as 

interventions and only 11.7% of the total subjects were under combined spectacle, patching and active vision therapy. 

The 58.30% of the total cases (n=35) had shallow amblyopia. Moderate amblyopia was found in 18.3% of cases (n=11) 

and 23.3% had deep amblyopia (n=14; Figure 1).  
Table 7 Previous treatment 

Intervention� n (%)�
None (first time reporters)� 37 (61.67)�
Only spectacle� 16 (26.67)�
Sectacle, occlusion and AVT� 7 (11.67)�
Total� 60 (100.00)�

AVT: Active vision therapy. 
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Figure 1 Depth of amblyopia.  

 

Outcomes of Treatment  There is statistically significant improvement in visual acuity after the different treatment 

strategies after 3mo in amblyopic eyes, using Games Howell test of one way ANOVA for multiple comparison. Most of 

the subjects were provided with refractive correction and occlusion with active vision therapy (AVT, n=44), whereas, 

13 subjects used only spectacle (didn’t will to patch the eyes even after best possible counseling), 3 subjects didn’t use 

spectacle and occlusion (didn’t will to patch the eyes and use spectacle even after best possible counseling). Last group 

of subjects were only counseled. Older children were less obedient toward occlusion and also those with poor visual 

acuity in the amblyopic eyes were among the difficult subjects for occlusion (Table 8). 
Table 8 Treatment modalities accepted 

Treatment modality accepted� n (%)�

Spectacle and occlusion with AVT� 44 (73.33)�
Spectacle only� 13 (21.67)�
Counseling (recommended therapy but non-compliant)� 3 (5.00)�
Total� 60 (100.00)�

AVT: Active vision therapy. 

 

Among the modalities for treatment of amblyopia, refractive correction combined with occlusion and AVT, showed 

statistically significant improvement in visual acuity. The mean among these compared using Games Howell test of one 

way ANOVA for multiple comparison (Table 9). 
Table 9 Improvement in visual acuity  

Treatment modalities� RAVA-VA at 1mo� RAVA-VA at 2mo� RAVA-VA at 3mo�

Refractive correction only� 0.030� 0.055� 0.058 (P=0.152)�

Refractive correction and patching with AVT� 0.010� 0.177� 0.243 (P=0.002)�

Counseling only� 0.99� 1.025� 1.025 (P=0.899)�

AVT: Active vision therapy. 

 

Above table clearly shows the difference in final visual outcome after different treatment modalities. Final visual 

outcome after spectacle correction combined with occlusion and active vision therapy is significantly better compared 

to other children without occlusion. 30% of the cases (n=18) had moderate visual impairment, 15% (n=9) had severe 

visual impairment and 1.7% (n=1) had profound visual impairment when they presented to the Ophthalmology 

department. 30% of the cases were under normal visual acuity level.  

There was significant improvement in the visual impairment severity after treatment of amblyopia. Only 5% (n=3) were 

left with moderate visual impairment, 36.7% (n=22) had mild visual impairment and 58.3% (n=35) improved to normal 

visual acuity level after treatment with spectacle and occlusion therapy. These findings show the positive effect of early 

detection and interventions of amblyopia. Despite late presentation of age (mean age of presentation being 8.87y), 
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visual acuity could be improved with appropriate refractive correction combined with occlusion and active vision 

therapy (Figure 2).  

 

Figure 2 Visual impairment before and after treatment. 

 

DISCUSSION 

Out of 1092 pediatric cases presented to the department of ophthalmology, 60 cases were diagnosed to have amblyopia. 

This gives the prevalence of amblyopia as 5.49% which is slightly less than that 9.1% found by Woldeyes and Girma[20] 

at Menilik Hospital. With a prevalence varying between 0.2% and 12% depending on the subsets of the population 

studied, amblyopia is one of the most common causes of visual impairment in children[7]. The prevalence of amblyopia 

varies significantly and has been reported to be as high as 12% in a refractive error study done by Dandona et al[23] in 

Andhra Pradesh, India.  

One of the important findings identified in this study is the relatively old age at presentation (8.87±3.29y), irrespective 

of the subtype of amblyopia. In the similar study done at Menilik Hospital[20], Ethiopia, the average age of presentation 

was 6.9±3.2y and in India the average age of the patients at presentation was 7.97±6.18y[24]. In a study done in Pakistani 

children, the mean age of the 316 patients was 8.14y[25]. This late presentation of amblyopia to hospital might be due to 

casual attitude of parents about vision and absence of school screening in Nepal which needs serious attention in the 

future. It is assumed that therapeutic measures for amblyopia are less effective after seven to 8y[6,8,26-27]. Isohyperopic 

amblyopes had early presentation at 7.16y than the anisohyperopic amblyopes (10.83y). This might be due to reduced 

vision in both eyes and forcing the children go for early examinations while in the case of anisohyperopic amblyopes; 

they have good vision in an eye and would have lesser difficulty in vision. The presentating symptoms of distance blur 

in class and headaches brought almost 50% of children to the hospital. Almost one fifth of the children were 

asymptomatic. The subjects with headache and those asymptomatic subjects contributed to over all late presentation to 

the hospital. 

Most of these children either had monocular amblyopia or shallow form of amblyopia. Monocular amblyopes won’t 

have reduced vision like in binocular amblyopes and hence they won’t present particularly for ocular examination. 

Shallow amblyopes also won’t have problems in dailies especially with the children and hence won’t present for eye 

examination early. Many parents were found to be conscious about the way their children looks and these groups were 

among those who bring their children early for ocular examination. Squinting of eyes while looking objects (15%, n=9), 

unusual way of looking (5%, n=3) and deviation of eyes (3.3%, n=2) were the complaints related to strabismic and/or 

combined form of amblyopia. Parents are directly involved in early diagnosis and management of amblyopia. So, 

attitudes of parents play important role in early or late presentation of the children. Hence, parent’s awareness and 

knowledge on the importance of vision screening and ocular examination can be highlighted. Three children presented 

with other associated symptoms; two with Down’s syndrome and one with xeroderma pigmentosa.  

Etiologies of amblyopia have been shown to vary in different studies, depending on the characteristics of the study 

sample and how amblyopia is defined. In our study, refractive amblyopia was the major cause for amblyopia 

constituting 71% of the total (43.3% had meridional amblyopia, 25% had anisometropic amblyopia and 11.7% had 

isoametropic amblyopia). The 6.7% of the cases had strabismic amblyopia, 3.3% had stimulus deprivation amblyopia 

and 10% had combined amblyopia. Most of other studies had shown strabismic amblyopia as a common type whereas 

in our study meridional amblyopia was the most common form. In the study done at Menilik hospital in Ethiopia[20], 

39.3% had strabismic, 27.3% combined, 6.0% anisometropia, ametropic and sensory deprivation amblyopia comprised 

13.7% and 13.1% of the cases respectively. In a comparative study done in India[24], of a total of 733 eyes, 37.38% had 

strabismic amblyopia, 22.1% had anisometropic amblyopia, 18.44% had combined amblyopia, 12.88% had ametropic 
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amblyopia, and 5.56% had meridional amblyopia, and the remaining 7.63% patients had sensory deprivation amblyopia. 

In a study done in Pakistan[25], the cause of amblyopia was strabismus in 120 (38%) patients, anisometropia in 136 

(43%) and both strabismus and anisometropia (combined-mechanism) in 60 (19%) patients. It might be due to the 

higher prevalence of strabismic amblyopia; these studies had earlier age of presentation than our patients did. 

In our study, 56.7% cases had monocular amblyopia and 43.3% had binocular amblyopia. This might be one of the 

reasons for the average age of presentation being on higher range in our study. Children won’t complain unless they 

have diminished vision in both eyes and this will delay the ocular examination. In the study done in Pakistan[25], 69% 

had amblyopia in both eyes and only 31% had monocular amblyopia. 

Analyzing the severity of amblyopia, 58.3% (n=35) had shallow form of amblyopia and these higher prevalence of 

shallow amblyopia could be one of the reason for late presentation. 18.3% (n=11) had moderate amblyopia and 23.3% 

(n=14) had deep amblyopia. Astigmatism was the most common form of refractive error, 58.3% in both the eyes. It was 

followed by hypermetropia (22.50%) and myopia (7.5%). In the study done at Menilik hospital[20], 113 (61.7%) patients 

had a hypermetropic refractive error and forty eight (26.2%) patients had no significant refractive errors. It was 51.65% 

of hypermetropia and 14.38% of emmetropia in the Indian study[24]. Hypermetropia was the most common refractive 

error in both these studies. This finding in our study correlates the higher prevalence of meridional amblyopia in 

contrast to strabismic type found in other studies. 

Prevalence of strabismus is minimal in our study compared to the study done at Menilik hospital[20], India[24] and 

Pakistan[25]. Most cases (73.3% in near and 75% in distance) had no ocular alignment problems in our study. Only 

fourteen cases (23.3%) had manifest deviation in our study. The study in Menilik Hospital[20] showed 128 (69.9%) 

amblyopic children with strabismus, and 62.2% strabismus in the Indian study[24]. In strabismus, the different stimuli 

received by the eyes prevent normal image fusion, compromising binocular vision and summation and the ability to 

discriminate disparity and depth of vision with altered stereoscopic visual acuity (stereopsis) and even postural 

stability[28]. The 61.7% (n=37) of the children didn’t have undergone any forms of treatment previously. Most of the 

children didn’t have ocular examination before and some were prescribed some form of treatment but were not using. 

Many of them were prescribed spectacles and even occlusion therapy previously. Sixteen subjects were using spectacle 

as prescribed but were not under occlusion therapy. Only 7 subjects were under spectacle combined with occlusion and 

active vision therapy. Lack of proper counseling by practitioners, lack of adequate explanation to the parents with 

resultant poor involvement of the parents, long distance to eye center and improper follow-up, lack of knowledge of 

effective amblyopia treatment on the part of eye care personnel, lack of proper primary eye-care screening services and 

lack of qualified orthoptists and optometrists are the barriers for successful inclusion of the amblyopes in the treatment 

modality.  

Visual impairment has significantly reduced after treatment modalities prescribed. Use of spectacles, occlusion therapy 

and active vision therapy with proper counseling and regular follow ups helped many children improved their visual 

acuity level. Eighteen subjects had moderate visual impairment, 9 had severe visual impairment and 1 had profound 

visual impairment when they presented to the Ophthalmology Department. Totally 32 subjects had normal to near 

normal visual acuity level. There was significant improvement in the visual impairment table after treatment of 

amblyopia. Only 3 subjects were left with moderate visual impairment, 22 subjects  had mild visual impairment and 35 

subjects improved to normal visual acuity level after treatment with spectacle and occlusion therapy. These findings 

show the positive effect of early detection and early interventions of amblyopia. Amblyopia is the easiest form of 

preventable blindness. Many children are forced to live with visual impairment secondary to amblyopia.  

Spectacle prescription among small children in our society is not usual and it takes too much effort to make the parents 

understand about its importance and urgency in management. Occlusion therapy has been the backbone of amblyopia 

therapy. Late presentation for ocular examination combined with non-compliance for spectacle wear and occlusion 

therapy have been the main hurdle for amblyopia treatment. In our study compliance with spectacle wear combined 

with occlusion therapy and active vision therapy was 73.3% (n=44). Only 3/4th of the children actively participated in 

the occlusion therapy and visual acuity could be improved significantly. Similar study done in Pakistan[25] showed 

80.4% (n=254) compliance rate. They found that 11 patients (10.4%, n=106) in age group 8-14y and 10 patients (6.7%, 

n=148) in age group 3-8y had no improvement with treatment in visual acuity of the amblyopic eye. In our study, we 

found that compliance to occlusion had inverse relation with increased age. The 75% (15 out of 20 cases age 11-15y) 

had no compliance for occlusion. Some of them started occlusion but didn’t continue long and discontinued occlusion 
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within 1-2wk of initiation. Peer influence and criticism by friends at school was major reason for the refusal by 

children. 

The difference between best corrected visual acuity and post occlusion visual acuity after three months was 0.243 which 

was significant (P=0.001). This result shows the importance of refractive correction combined with occlusion and active 

vision therapy. The 20 subjects presented after 10y of age and these subjects though willing to wear spectacle, were not 

willing to wear eye patch. In our treatment course, 13 subjects didn’t continue patching and used only spectacle. These 

children were of higher ages (11-15y). Awkwardness among friends in the school and home was the major reason for 

not continuing occlusion as prescribed. Three subjects neither used spectacle nor occlusion as prescribed. The 

management was reinforced but still failed acceptance by child or parents. One of the three had severe loss of vision in 

the amblyopic eye. He was not improved with refractive correction and hence occluding the sound eye totally made him 

handicap. Remaining two cases had high refractive error and had no improvement with best possible correction; also 

didn’t have compliance with occlusion. 

The diagnosis of amblyopia is challenging since there is no specific test to detect it, and it depends on the child’s ability 

to cooperate, potentially compromising the diagnostic process[29]. Individuals with amblyopia often have restricted 

career options and reduced quality of life, including less social contact, cosmetic distress (if associated with strabismus), 

low self-esteem, visual disorientation, and fear of losing vision in the other eye[30]. Traditional amblyopia treatment 

options have documented improvement with spectacle correction when indicated, followed by occlusion or atropine 

penalisation of the non-amblyopic (fellow) eye. While the majority of children show improvement with these 

approaches, not all children respond to traditional therapies[31]. The management of pediatric amblyopia is often time 

consuming and requires a lot of understanding, patience and commitment by the child, the parents and the eye care 

practitioners. Ocular examination should be kept as a regular schedule in every school and also there should be a system 

of ocular examination of the children prior to admission in school. The American Academy of Pediatrics has 

recommended screening for amblyopia as a part of the regular child visit made by a pediatrician, including the use of 

instrument-based vision screening techniques for preverbal children[32]. Newer works have shown two major shifts in 

paradigm regarding amblyopia: the belief that successful treatment of amblyopia outside the critical period is possible 

and the concept that amblyopia is more of a binocular, rather than a monocular, disease[33]. New protocols with different 

and more engaging games such as action-oriented adventure games, first-person shooter games, virtual reality, and 

3-dimensional gaming platforms are being analyzed for this purpose[34-37]. More detail and global study of amblyopic 

subjects can give justifications about the great variability of response to treatment of amblyopic subjects. This will also 

help to prepare a more customized treatment protocol for different types of amblyopia[38]. Though this study has 

selection bias, it can form the basis for future population based studies. One of the advantages with hospital based 

studies is that, varieties of patients from different parts with different referrals are included and hence a good clinical 

profile can be established. 

This study concludes that prevalence of amblyopia and associated visual impairment is still a public health issue in 

developing countries like Nepal. Lack of awareness and lack of community or preschool vision screening for children 

lead to late presentation and significant visual impairment associated with the condition. The burden can easily be 

reduced with screening camps, timely referrals and proper interventions. Refractive amblyopia being the most common 

subtype highlights the importance of vision and refractive screening and early correction. Since it was a hospital based 

study, it had selection bias. Also, occlusion therapy was taken as a sole treatment modality; comparison could not be 

made as for the efficacy compared with other modalities. Follow ups after occlusion was not taken for longer duration. 

Efficiency of occlusion in different age groups was not assessed[39]. 
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Abstract 
AIM: To find out the pathogenesis of dry eye disease (DED) and the possible mechanisms of available effective 
treatments. 

METHODS: A non-targeted technology, ultra-high performance liquid chromatography coupled with 
quadrupole-time-of-flight mass spectrometry (UHPLC-Q-TOF-MS), to investigate metabolic characterizations for tear 
samples from 18 patients with DED upon drug or acupuncture treatment.  

RESULTS: A total of 190 named metabolites were identified, which presented so far the broadest tear 
metabolome. Further analysis indicated a significantly distinct metabolomics profile among all patients, but very 
subtle metabolic differences upon drug or acupuncture treatment. On one hand, only six significantly changed 
metabolites were determined after drug treatment, five of which including inosine, monopalmitin, urate, 
propionylcarnitine, and nicotinamide were all increased and involved in inflammatory responses. On the other 
hand, merely four metabolites including alanine, serine, and homoserine were found to be significantly different. 
Further pathway analysis of those six and four significantly changed metabolites revealed that only one pathway, 
aminoacyl-tRNA biosynthesis was significantly influenced in acupuncture-treated patients, which were highly 
associated with the cause of the disease. The results here indicated acupuncture treatment may address the 
cause rather than the symptoms for dry eye disease, displaying partially better compared with drug treatment. 

CONCLUSION: Collectively, this work extended our understanding on the key regulatory elements or pathways 
involved in the potential mechanisms of available effective treatments, and would be useful for providing novel 
potential targets and therapeutic strategies for DED. 

KEYWORDS: artificial tears; acupuncture; dry eye; metabolomics; tobramycin dexamethasone eye drops 
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INTRODUCTION 

Dry eye disease (DED), also called keratoconjunctivitis sicca, is a chronic multifactorial disorder of the tears and ocular 

surface resulting in symptoms of ocular discomfort and visual disturbance[1]. The most common symptoms behind DED 

include dryness, redness, burning/stinging, photophobia, ocular fatigue and blurred vision. Unfortunately, DED is 

increasing in prevalence affecting about 5%-30% of the worldwide population of different ages, which can significantly 

impair quality of life, as well as the patients’ economic burden[2]. Moreover, the diagnosis of DED is supposed to be 

difficult due to poor correlations between reported symptoms and available clinical tests[3]. 

The treatment of patients with DED evolves continuously and quite a number of treatment strategies are now available, 

including artificial tears, alternative anti-inflammatory drugs, immunomodulators, oral supplements, hormonal therapy, 

and acupuncture[4]. Among them, tear replacement by artificial tears is currently the most widely used therapy for DED. 

As reported, artificial tears can lower tear osmolarity and dilute proinflammatory factors on the ocular surface, and also 

smooth the corneal surface to improved vision[5]. However, artificial tears may finally lose their efficacy over time since 

they do not target the underlying causes of DED. Anti-inflammatory drugs represents a necessary step during the 

chronic therapy of DED, and especially non-steroidal anti-inflammatory drugs (NSAIDs) are demonstrated as 

prospective therapy for DED[2]. Although these drugs target the underlying etiology and reduce inflammation and eye 

pain for patients with DED, they could reduce their eye sensitivities at the same time. Moreover, oral supplements of 

omega3 (ω3) fatty acids have been recommended in the treatment of moderate DED, which promote tear film 

stabilization and play a beneficial role in DED[6]. Additionally, acupuncture therapy is also determined to be effective 

for dry eye patients without serious side effects. Recent studies showed acupuncture could improve the signs and 

symptoms for patients with DED after 4wk of treatment[7]. 

Recently, the advent of the omics era (especially proteomics and metabolomics) has dramatically increased our 

understanding on the pathogenic mechanisms of complex diseases, as well as the potential mechanisms of improvement 

after various treatments[8-9]. For example, proteomics shows great potential application in large-scale clinical 

ophthalmology studies, which allows the simultaneous study of thousands of proteins and/or peptides in biological 

samples[10-11]. Proteomic analysis of 29 human aqueous humor samples from patients with cataract and glaucoma with 

and without the pseudoexfoliation syndrome revealed no significant difference between glaucoma and cataract AH 

proteomes, while apolipoprotein D was found to be a putative biomarker for pseudoexfoliation syndrome[10]. Moreover, 

Liu et al[12] employed two-dimensional nano-liquid chromatography coupled with tandem mass spectrometry (2D 

nano-LC-MS/MS) to determine whether acupuncture is effective at treating dry eye disease and to find out the possible 

mechanisms. The results revealed that an acupuncture plus artificial tears (AC+AT) treatment improved clinical 

symptoms and increased protein synthesis and secretion. Metabolomics has emerged as a powerful tool, allowing 

simultaneous analysis of hundreds of metabolites in one biological sample. It has great potential to screen out 

biomarkers and functional pathways for various diseases including eye diseases, and thus lead to novel therapies[3,9,13]. 

We previously used gas chromatography coupled to time-of-flight mass spectrometer (GC/TOF MS) for metabolites 

profiling of 40 aqueous humor samples from patients with high myopia and the controls, which revealed that 29 

significantly changed metabolites and their regulatory aspects of metabolic pathways might be key regulatory elements 

or pathways in the development of high myopia. Furthermore, Galbis-Estrada et al[14] applied nuclear magnetic 

resonance spectroscopy of hydrogen-1 nuclei (1H NMR S) to investigate the role of the oral supplements with 

antioxidants and omega 3 fatty acids in relation to dry eye. The data suggested that the metabolic changes in dry eye 

syndrome could be modified with appropriate oral supplementation with antioxidants and essential polyunsaturated 

fatty acids. 

Tear fluid is a valuable source for objective analysis on various eye diseases, whose components have various roles 

including protecting and maintaining the ocular surface[15]. It is composed of proteins, carbohydrates, lipids, electrolytes, 

and some small organic molecules, while defective quality and quantity of tear could lead to dry eye. In this study, we 

took advantage of a non-targeted technology, ultra-high performance liquid chromatography coupled with 

quadrupole-time-of-flight mass spectrometry (UHPLC-Q-TOF-MS), to report the most comprehensive human tear 

metabolome from dry eye patients up to date. And more importantly, the roles of drug and acupuncture treatment for 

dry eye disease were further investigated, respectively. 

SUBJECTS AND METHODS 
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Ethical Approval  All Participants provided written informed consent and the present study was approved by the 

Ethics Committee of the Third Affiliated Hospital of Beijing University of Traditional Chinese Medicine. Meanwhile, 

the study was performed in accordance with the Declaration of Helsinki.  

Subjects  Eighteen patients with DED were included in the present study (Table 1). The ophthalmic examination 

included subjective symptoms, visual acuity, schirmer tear I test (SIT) with anesthesia (basis secretory test, BST), and 

tear break-up time (BUT). Each patient was asked for subjective symptoms such as burning, itching, foreign body 

sensation, dryness, and photophobia. Patients were classified as having DED if they had the above-mentioned 

symptoms and abnormalities of test dynamics determined by a SIT score less than 10 mm/5min or a BUT score less 

than 10s. Notably, patients with neither Sjögren syndrome nor aqueous-deficient dry eye were excluded from this study. 

The tears were collected by capillary method. Each time we collected 5-15 uL tears by 25 µL capillary tube from the 

canthus, and immediately transferred them into the EP tube and stored at -80℃ refrigerator until further analysis. 

Table 1 Information of human tear samples from dry eye patients 

Sample name 
 Groups 

Before After 

Age 

(y) 
Gender

bAT1 aAT1 47 F 
bAT2 aAT2 81 F 
bAT3 aAT3 63 F 
bAT4 aAT4 42 M 
bAT5 aAT5 64 M 
bAT6 aAT6 76 F 
bAT7 aAT7 55 M 
bAT8 aAT8 45 M 

 Acupuncture treatment group 

bAT9 aAT9 64 F 
bDT1 aDT1 76 F 
bDT2 aDT2 78 F 
bDT3 aDT3 68 M 
bDT4 aDT4 48 M 
bDT5 aDT5 56 F 
bDT6 aDT6 60 M 
bDT7 aDT7 59 F 
bDT8 aDT8 74 M 

 Drug treatment group  

bDT9 aDT9 48 M 
M: Male; F: Female. 

 

Treatment Procedure  All participants were divided into either drug treatment group or acupuncture treatment group, 

while both lasted for 3wk. In the drug treatment group, each patient was offered with artificial tears and tobramycin 

dexamethasone eye drops. The two drugs were successively dropped into the conjunctival sac with a minimal interval 

of 10min apart, one drop each time and four times 1d. While the acupuncture treatment was taken by the same 

ophthalmologist, which was mainly consisted of the acupoints of Jingming, Chengqi, Shangming, Cuanzhu, Hegu. 

Another different acupoints were further allocated according to the differentiation of symptoms and signs: For type of 

fei-yin deficiency with Kongzui and Chize acupoints; for type of liver-yin and kidney-yin deficiency with Taixi and 

Sanyinjiao acupoints; for type of damp heat in the spleen and stomach with Quchi and Zusanli acupoints. Keep the 

needles for 30min after getting air. Both eyes of each patient were treated every other day and totally ten times were 

performed in one course lasting for 3wk. After treatment, their symptoms, SIT and BUT scores were recorded again, 

and tears were also collected. According to the paired t-test (SPSS 17.0 software), no significantly differences were 

identified in BUT & SIT before treatment between those two groups. Likewise, no significantly differences of IOPs 

between all enrolled patients before and after treatment were observed. 

Metabolomics Analysis  The metabolites profiling of all tear samples was conducted as our previous report[16]. Briefly, 

300 μL methanol was firstly added into each tear sample (about 15 μL), which was then ultrasonicated for 20min and 
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centrifuged at 12 000×g in 4°C for 10min. 250 μL of the supernatant was transferred into 1.5 mL centrifuge tube and 

completely dried in a vacuum concentrator completely. Secondly, 75 μL methanol were added and then centrifuged at 

12 000×g in 4°C for 10min. 50 μL of the supernatant was finally transferred into a glass vial for metabolomic analysis. 

A volume of 3 μL was injected into the Aglient 1290 Infinity II LC TM system with an Agilent Eclipse-plus C18 

column (150×3.0 mm i.d., 1.8 μm). The mobile phase consisted of solvent A (0.1% formic acid in water) and solvent B 

(100% acetonitrile), while the flow rate was 0.40 mL/min. Gradient elution conditions were set as follows: 0min, 98.0% 

A; 1.0min, 98% A; 5.0min, 60% A; 12.0min, 30% A; 15.0min, 5% A; 20.0min, 5% A. MS detection was conducted on 

the Agilent 6550 iFunnel/Q-TOF mass spectrometer with Agilent Jet-Stream source[16]. Metabolites annotation was 

finished by searching Personal Compound Database and Library (PCD/PCDL), Massbank database and 

literatures[14,17-19]. Moreover, the softwares of MassHunter Acquisition 6.0, MassHunter Qualitative 6.0 and Mass 

Profinder 6.0 were respectively used for data acquisition, data review and metabolite identification, peak area 

extraction. 

Data Analysis  Metabolomics data were firstly normalized as our previous reports, which registered the median level 

of each metabolites to equal to one (1.00) while missing values (if any) were imputed with the observed minimum 

ones[7]. Mev (MultiExperiment Viewer) 4.8 software was further used for hierarchical cluster analysis, and meanwhile 

SIMCA-P software (v13.0, Umetrics, Malmö, Sweden) was applied for both principal component analysis (PCA) and 

partial least squares discriminant analysis (PLS-DA). Moreover, paired t-test (SPSS 17.0 software) was used to identify 

metabolites which were significantly different between before and after treatment in patients with DED. Metabolites 

with both VIP (variable importance in the projection) values in PLS-DA model more than 1 and P values (in t-tests) less 

than 0.05 were considered significant. In addition, metabolic pathway analysis of significantly different metabolites was 

conducted by MetaboAnalyst web server (http://www.metaboanalyst.ca). Significant pathways were judged based on P 

threshold 0.05. 

RESULTS 

Clinical Characteristics of Dry Eye Patients  In the present study, we recruited 18 patients with DED and their 

clinical characteristics were listed in Table 1. Nine patients were selected into drug treatment group, while the rest 9 

patients were enrolled into acupuncture treatment group. The median age of the patients in drug treatment group was 

63-year-old (range, 48-76y), 4/9 of which were female. On the other hand, the average age of the patients treated by 

acupuncture treatment group was 59.7-year-old (range, 42-81y), and meanwhile 5/9 of these patients were female. The 

statistical analysis showed that there were no significantly difference of between the two groups for both sex and age. 

Moreover, both scores of SIT and BUT for these 18 patients before and after treatment were also recorded (Figure 1). 

Obviously, scores of SIT and BUT of these 18 patients were both low at the beginning but significantly improved after 

treatment. Notably, the changes of SIT and BUT scores for patients in acupuncture treatment group were larger than 

those in drug treatment group. The results here indicated that both acupuncture and drug treatments were effective for 

patients with DED, and especially acupuncture treatment seemed to be partially better compared with drug treatment. 
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Figure 1  The information of the SIT and BUT scores record in both drug and acupuncture treatment for patients with 

DED. 

 

Metabolic Characterization of Tears from Dry Eye Patients  In order to comprehensively uncover the human tear 

metabolome, we here applied UHPLC-Q-TOF-MS to metabolic profiling of 36 tears samples from 18 dry eye patients. 

A total of 190 named metabolites were identified in the tested tear samples. Those identified 190 metabolites were 

categorized into 13 groups according to the database from Kyoto Encyclopedia of Genes and Genomes (KEGG). The 

largest group contained 36.8% of the total number of detected metabolites, which were 70 amino acids and derivatives. 

The second largest group (22.1%) was 42 lipids, followed by 24 (12.6%) nucleotides, and 20 (9.5%) carbohydrates. 

An un-supervised approach, hierarchical cluster analysis was firstly performed to investigate metabolic variations 

among the 18 tear samples from dry eye patients before treatment (Figure 2A). The heat map indicated remarkable 

diversities in metabolite abundance across these dry eye patients. Several metabolites such as 3-(pyrazol-1-yl)-alanine 

(Figure 2B), cytidine, cytosine, cyclic AMP, and guanosine 2’3’-cyclic phosphate displayed low abundance in all the 

samples, while the enrichment of certain metabolites appeared to be individual-specific. For example, pyridoxine was 

highly abundant only in sample bAT7 when compared to that in other 17 tear samples (Figure 2C). Moreover, the major 

of the detected metabolites in several tear samples including sample bDT4 and bAT3 seemed to have lower abundance, 

while most of 190 metabolites displayed highly enriched in sample bAT5.  

 

Figure 2  Metabolic variations among the 18 tear samples from dry eye patients before treatment  A: Heat map 

representation of the 190 identified metabolites across all tears samples from 18 dry eye patients before treatment. Each line 

represented one metabolite. The deeper the red color, the higher its level in the tear samples; while the deeper the green color, the 

lower its level in the tear samples. B: The levels of 3-(pyrazol-1-yl)-alanine across all tears samples from 18 dry eye patients were 

shown in greater detail; C: The levels of pyridoxine across all tears samples from 18 dry eye patients were shown in greater detail. 

 

To further provide a snapshot of the information hidden in the metabolomic data, we conducted another un-supervised 

approach, PCA, for all 36 tear samples from patients with DED before and after treatment. As shown in Figure 3, PCA 

could not distinguish tear samples with different treatment groups (acupuncture and drug treatment groups), and 

different groups (untreated and treated groups). However except bAT5 and aAT5 & bDT1 and aDT1, every two tear 

samples from the same individual displayed close in the PCA score plot. The results confirmed that patients with DED 

24



had remarkable metabolic variation, and more importantly either acupuncture or drug treatment had little effect on 

metabolomics profile. 

 

Figure 3 PCA scores plot generated from the 190 identified metabolites across all 36 tears samples from 18 dry eye patients 

before and after (drug/acupuncture) treatment. 

 

Metabolic Changes in Dry Eye Patients After Drug Treatment  To exactly determine the metabolic differences 

between patients with DED before and after drug treatment, the supervised statistical method PLS-DA was then 

employed. Obviously, the tear samples before treatment clustered together, as did those after treatment (Figure 4A). 

Furthermore, six metabolites (Table 2 and Figure 4B) were determined to be significantly changed (VIP≥1 and P≤0.05), 

playing important roles for the separation. Among them, the levels of 5 compounds were increased, while only 

glycerate showed lower level after treatment. These metabolites were related to five classes such as carbohydrates, 

organic acids and derivatives, lipids, nucleotides, and cofactors. In addition, further metabolic pathway analysis of these 

six significantly different metabolites revealed six relevant pathways, among which purine metabolism, and nicotinate 

& nicotinamide metabolism were significantly influenced (P<0.05, Figure 5A). 

 

Figure 4 PLS-DA models for dry eye patients before and after treatment  A: Score plot in PLS-DA model for dry eye patients 

before and after drug treatment; B: S plot in PLS-DA model for dry eye patients before and after drug treatment; C: Score plot in 

PLS-DA model for dry eye patients before and after acupuncture treatment; D: S plot in PLS-DA model for dry eye patients before 

and after acupuncture treatment. Significantly changed metabolites were labeled with red triangle. 
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Figure 5 Metabolic pathway analysis  A: Metabolic pathway analysis of 6 significantly different metabolites between dry eye 

patients before and after drug treatment by using MetaboAnalyst web server; B: Metabolic pathway analysis of 4 significantly 

different metabolites between dry eye patients before and after acupuncture treatment by using MetaboAnalyst web server. 

Table 2 List of six significantly different metabolites between dry eye patients before and after drug treatment 

 Superclass Compound name HMDB number KEGG number 
Fold change 

(After/Before) 
P 

 Carbohydrates glycerate HMDB00139 C00258 0.60 0.03

 Organic acids and derivatives urate HMDB00289 C00366 1.48 0.02

monopalmitin HMDB31074 - 2.61 0.00
 Lipids 

propionylcarnitine HMDB00824 C03017 1.31 0.02

 Nucleotides inosine HMDB00195 C00294 1.39 0.04

 Cofactors nicotinamide HMDB01406 C00153 1.40 0.01

 

Metabolic Changes in Dry Eye Patients After Acupuncture Treatment  Likewise, we also conducted pls-da and 

paired t-tests to find out the metabolic changes resulted from acupuncture treatment for patients with DED. As shown in 

Figure 4C, tear samples from patients in the untreated group were clearly separated from those in the treated group. 

Together with paired t tests, the results showed that only 4 metabolites (Table 3 and Figure 4D) were significantly 

changed (VIP≥1 and P≤0.05), responsible for the separation. Interestingly, all four metabolites displayed lower levels in 

patients with DED after acupuncture treatment, whose ratios ranged from 0.50 to 0.79. Meanwhile, three of four 

metabolites belonged to class of amino acids and derivatives, while only one compound cytidine was grouped into class 

of nucleotides. Additionally, metabolic pathway analysis of these 4 significantly changed metabolites revealed that only 

one pathway, aminoacyl-tRNA biosynthesis was significantly influenced (P<0.05, Figure 5B). 

Table 3 List of four significantly different metabolites between dry eye patients before and after acupuncture 

treatment 

 Superclass Compound name HMDB number KEGG number 
Fold change 

(After/Before) 
P 

 Amino acids and derivatives alanine HMDB00161 C00041 0.70 0.02

 - serine HMDB00187 C00065 0.59 0.03

 - homoserine HMDB00719 C00263 0.79 0.04

 Nucleotides cytidine HMDB00089 C00475 0.50 0.04

 

DISCUSSION 

DED is considered to be one of the top three most prevalent chronic eye diseases, which significantly interferes with 

patients’ well-being and increases their economic burden of healthcare costs[4]. However, it is difficult to diagnose and 

treat due to the lack of correlation between the signs and symptoms of DED[20]. As a result, it is very important to 

extend our understanding on the pathogenesis of DED and the possible mechanisms of available effective treatments. 

Here we used the non-targeted technology, UHPLC-Q-TOF-MS to investigate the metabolic differences between dry 
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eye patients before and after (drug/acupuncture) treatment. This study may not only provide new insight into the 

metabolomics features in patients with DED, but present potential targets therapy and therapeutic strategies as well. 

Generally, the main analytical platforms for metabolomics studies are NMR, GC-MS, and LC-MS. Each analytical 

platform has its own unique advantages and disadvantages, for instance, NMR is efficient, highly reproducible, and 

non-destructive, but it has relatively lower sensitivity[9]. GC-MS is the most widespread tandem technique and has high 

sensitivity and specificity, but especially targeting for volatile non-polar compounds. LC-MS is also an important 

metabolomic technology, suitable for analyzing large highly polar metabolites. UHPLC, evolved from LC, has greater 

analytical power, which allows high throughput sample handling and down scaling of sample volume[21]. Since tear is 

mainly composed of non-volatile compounds including amino acid and lipids, we thus employed UHPLC-Q-TOF-MS 

global metabolomics analysis on 38 tear samples from patients with DED. Totally 190 named metabolites were 

identified in the tear, most of which were amino acids & derivatives, and lipids. These identified metabolites were 

grouped into 13 classes, covering most of the central metabolism pathways. It is believed that our study presented so far 

the broadest tear metabolome especially for dry eye, corroborating the power of the non-targeted and high-throughput 

technology in uncovering their metabolic characteristics[14,17-19].  

Further analysis indicated a significantly distinct metabolomics profile among all patients with DED, but very subtle 

metabolic differences upon acupuncture or drug treatment for each individual patient. In the drug treatment group, dry 

eye patients were offered with artificial tears and tobramycin dexamethasone eye drops. Tobramycin dexamethasone 

eye drops have been used in ophthalmology since 1983 and are well-accepted ophthalmic solutions effectively used to 

prevent infection and control inflammation[22]. Obviously, the improvement of both SIT and TBUT scores suggested 

that artificial tears and tobramycin dexamethasone eye drops had an effective and beneficial effect on DED as 

previously reported[23]. Notably, metabolomic study showed that there were only six significantly changed metabolites. 

Of particular interest, all the five increased compounds including inosine, monopalmitin, urate, and propionylcarnitine 

exert a wide variety of anti-inflammatory responses[24-27]. For example, inosine was reported to suppress immune 

responses and protect mice from experimental autoimmune encephalomyelitis, while monopalmitin may be associated 

with the cellular toxicity in common across various types of autoimmune inflammatory disorders of the central nervous 

system[26,28]. Moreover, urate is a powerful antioxidant, which was associated with inflammation, endothelial and renal 

dysfunction, and cardiovascular disease[24]. Especially, nicotinamide has been proposed as a therapeutic alternative for 

the prevention of diseases with metabolic dysfunctions, playing critical roles in regulating the inflammatory response 

and the expression of genes related to oxidative stress[29]. 

Acupuncture has been used as one of the major therapeutic modalities to treat various diseases for several thousands of 

years in eastern Asian countries[7]. Recent ophthalmologic studies have shown that acupuncture therapy is an effective 

treatment for several eye diseases including amblyopia and glaucoma. Especially, the efficacy and effectiveness of 

acupuncture for DED has also been identified, showing partially better when compared to artificial tear treatment[30]. 

The results in our study confirmed that acupuncture treatment was likely better compared with drug treatment according 

to the scores of SIT and TBUT. Meanwhile, further metabolomic analysis revealed that merely 4 metabolites were 

significantly changed in patients after acupuncture treatment, three of which including alanine, serine, and homoserine 

belonged to amino acids and derivatives. Metabolic pathway analysis of these 4 significantly changed metabolites 

indicated that only one pathway, aminoacyl-tRNA biosynthesis was significantly influenced. Interestingly, our previous 

study revealed that the activity of amino acids metabolism was increased in tear samples from patients with DED when 

compared with those from normal individuals[31]. As a matter of fact, amino acids metabolism plays important roles in 

multiple aspects of cell biology, which have been identified in various eye diseases including high myopia and 

cataract[9,32]. Additionally, further metabolic pathway analysis of those 34 significantly changed metabolites in our 

previous study determined that four pathways including aminoacyl-tRNA biosynthesis were significantly enriched, 

which was also found in dry eye patients treated by acupuncture[31]. The above changed amino acid associated 

metabolites and pathways (especially aminoacyl-tRNA biosynthesis) may be involve in protein synthesis and secretion 

and thus play significant roles on the effective mechanisms of acupuncture therapy[12]. 

In conclusion, we for the first time comprehensively uncovered metabolic characteristics on dry eye and observed a 

remarkable metabolic variation among all patients with DED. Moreover, either drug or acupuncture treatment had little 

effect on metabolomics profile. Importantly, acupuncture may have a distinctive mechanism of improvement on dry eye, 

which displayed to be partially better compared with drug treatment. The results here enabled us to extend our 
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understanding on the key regulatory elements or pathways involved in the underlying mechanisms of DED treatment, 

and may further provide novel potential targets and therapeutic strategies. Since the number and types of samples were 

limited, extensive validation of our findings would be further performed in a larger scale study[33]. 
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Abstract 
AIM: To evaluate the influence of pars plana vitrectomy (PPV) on ocular surface using Keratograph 5M.  

METHODS: Totally 30 consecutive patients (30 eyes) undergoing primary 23-gauge PPV were recruited in the 
study. Ocular Surface Disease Index (OSDI) questionnaire was performed. Ocular surface parameters, including 
tear meniscus height (TMH), noninvasive tear break up time (NITBUT) and bulbar redness score were obtained 
preoperatively, in 1, 2, 4, 8 and 12wk postoperatively by Keratograph 5M. Correlations between all the clinical 
parameters were analyzed further. 

RESULTS: The percentages of both photophobia and gritty within 4wk after PPV were significantly higher than 
pre-operation, while they decreased to the preoperative levels in both 8wk and 12wk postoperatively. The 
percentage of sore eyes in the first week postoperatively was significantly higher than pre-operation, but there 
were no significant differences between the percentages of pre-operation and 2, 4, 8, and 12wk postoperatively. 
OSDI score increased significantly within 4wk postoperatively, but it returned to the preoperative level in 8 and 
12wk. TMH increased with 2wk postoperatively, but there were no significant differences compared with 
preoperation. Both NITBUT-first and NITBUT-average shortened significantly within 8 weeks postoperatively, but 
they gradually improved to the preoperative levels in 12wk. Bulbar redness score was significantly higher than the 
preoperative level within 4wk postoperatively, but it returned to the preoperative level in 8wk. NITBUT-first and 
NITBUT-average had a significant positive correlation at each visit. TMH had a significant positive correlation with 
NITBUT-average in the first week postoperatively. 

CONCLUSION: Keratograph 5M can provide a reliable noninvasive method to assess the influence of PPV on the 
ocular surface. PPV may cause various changes in both symptoms and signs of ocular surface damages at the 
early stage, while all these changes will return to preoperative levels gradually in 12wk postoperatively. 

KEYWORDS: Keratograph; ocular surface; tear film; pars plana vitrectomy; dry eye syndrome 
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INTRODUCTION 

Pars plana vitrectomy (PPV) was first introduced as a new treatment for vitreoretinal diseases by Robert Machemer in 
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1971. With the evolution and development of vitrectomy machines and related instruments, surgical techniques have 

been improved and the application of PPV has increased significantly in recent years. However, many patients 

undergoing PPV have complained of dry eye- related irritative symptoms postoperatively.  

Dry eye syndrome is a multifactorial disease of tears and ocular surface due to tear deficiency and over evaporation, 

which can be caused by many complex factors, including inflammation, hyperosmolarity of tears, and neurosensory 

abnormalities, as well as unstable tear films[1-2]. It leads to ocular discomfort and visual impairment, which can impact 

the quality of life greatly[3]. Bulbar redness, or conjunctival hyperemia, is a non-specific ocular response due to multiple 

ocular surface disorders, including conjunctivitis, anterior eye inflammation, contact lens wear and dry eye syndrome. 

There are also many reports about the influence of surgical interventions on the ocular surface, such as corneal 

refractive surgery[4], cataract surgery[5] and glaucoma surgery[6]. Evaluation of tear film and bulbar redness may help us 

to know the surgery-induced ocular surface changes and guide appropriate treatments. Nevertheless, the influence of 

PPV on ocular surface is poorly understood so far. 

Traditional methods evaluating dry eye have been widely used in clinical practice, including Schirmer test and 

fluorescein tear breakup time (TBUT). However, these invasive examinations are subjective, difficult, and 

time-consuming, which need patients to cooperate very well. Additionally, these invasive examinations have been 

shown to have poor accuracy and reproducibility. The noninvasive Keratography 5M, advanced Placido topography, 

provides reliable objective measurements of ocular surface parameters including tear meniscus height (TMH), 

noninvasive TBUT (NITBUT), and bulbar redness score, with acceptable repeatability and reproducibility[7-8]. It has 

been used in the evaluation of ocular surface in recent years, especially the diagnosis of dry eye. In this study, we used 

the Keratograph 5M (Oculus Optikgeräte GmbH, Wetzlar, Germany) to evaluate the changes of ocular surface after 

PPV, which is beneficial to manage PPV induced ocular surface damages. 

SUBJECTS AND METHODS 

Ethical Approval This prospective, descriptive study was approved by the Ethics Committee of the First Hospital 

Affiliated of Anhui Medical University and followed the tenets of the Declaration of Helsinki. Informed consent was 

obtained from all individual participants included in the study. 

Participants  From April 2018 to October 2018, a total of 30 eyes from 30 consecutive patients who underwent 

primary 23-gauge PPV in our hospital were recruited. Their age ranged 43-75y with a mean of 59.33±7.68y. Half of 

them were male and the other half were female. All the patients were followed up for 3months. Exclusion criteria were: 

1) age ≤18 or ≥75y; 2) any eye diseases influencing ocular surface (e.g. keratoconjunctivitis, ectropion, hypophasis or 

glaucoma); 3) history of ocular injury or other ocular surgery within 6mo; 4) use of topical ocular medications 

influencing ocular surface within one week before the operation; 5) any other drugs used for postoperative 

complications during the follow-up period; 6) the follow-up period less than 3mo.  

Surgical Techniques  The three-port conventional 23-gauge PPV was done in all the 30 eyes by a single vitreoretinal 

surgeon under retrobulbar anesthesia induced with 0.1% ropivacaine hydrochloride. During the surgery, blood, 

anterior-posterior traction, fibrovascular tissues and membranes were removed as completely and safely as possible. For 

the patients with macular hole, internal limiting membranes stained with indocyanine green were peeled to at least one 

disc diameter from the edge of the hole. Endolaser photocoagulation or retinal cryotherapy was done for sealing the 

retinal hole. Filtered air or silicone oil was used as intraocular tamponade if necessary. After removal of the cannula 

from the ports, sclerotomies were sutured with 8.0 absorbable sutures (VICRYLTM, W9560) and the ports were checked 

for leakages. After surgery, all the patients with intraocular air or silicone oil tamponade were instructed to maintain a 

prone position to achieve better effects. Additionally, all patients were given topical eye drops of 

tobramycin-dexamethasone (TobraDex, Alcon) and pranoprofen (Pranopulin, Senju) four times daily for 1mo, and 

tropicamide-phenylephrine (Mydrin-P, Santen) was used twice daily for 2wk. 

Ocular Surface Disease Index Questionnaire for Ocular Symptoms  Subjective symptoms of ocular irritation were 

assessed by the 12-item OSID questionnaire. We modified the questionnaire by deleting the 4 and 5 items, which assess 

the existence of blurred and poor vision. Because it was difficult to distinguish the change of these symptoms caused by 

PPV alone or combined with PPV induced dry eye condition. OSDI score was calculated by the following formula: total 

points of all answered questions x 100/Total number of answered questions ×4.  

Ketography 5M  Clinical examinations were all performed by the same ophthalmic technician using the Keratograph 

5M under the manufacturer's instructions. All the ocular surface parameters were obtained preoperatively, 1, 2, 4, 8, and 
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12wk postoperatively. Additionally, all examinations were performed sequentially with 5min break as follows. 

Tear Meniscus Height  The subjects were instructed to look at a central target in the system and blink normally. The 

keratograph was set to “Tear film Scan (TF-Scan), tear meniscus” mode to capture an image of the ocular surface 

focused on the tear film following the manufacturer’s instructions as previously reported[9]. The central MH was 

measured manually by cursors provided by the system.  

Noninvasive Tear Breakup Time  Tear film stability was assessed in the “TF-Scan, NITBUT” mode. After manual 

focusing, the patients were asked to blink twice and then keep their eyes open as long as possible. At the same time, a 

video was recorded showing the presentation of tear film breakup over time. The NITBUT-first and NITBUT-average 

were generated automatically. The simultaneous time of the tear film starts to breakup was the NITBUT-first. 

NITBUT-average indicated the mean of all TBUTs occurring on the whole observed cornea. 

Bulbar Redness  Bulbar redness was measured in the “R-Scan” mode. Subjects were instructed to focus on the light 

target. Then image of exposed bulbar conjunctiva was captured manually and the redness score was generated 

automatically. The score was calculated based on the area percentage ratio between blood vessels and the rest of the 

analyzed bulbar conjunctiva. 

Statistical Analysis  Statistical analysis was performed by SPSS 19.0 software. All values were expressed by 

mean±standard deviation (SD). The Kolmogorov-Smirnov test was applied to test the normality of the data. One-way 

analysis of variance and paired t-test were used for comparing differences in all variables. Chi-square test was used to 

analyze the percentages. Correlations between all variables were tested using Pearson’s correlation test. P values less 

than 0.01 were considered statistically significant.  

RESULTS 

Ocular Surface Symptoms and OSDI score Most patients complained of ocular surface discomfort after PPV, mainly 

including photophobia, gritty and sore eyes. Distributions of these symptoms during the follow-up were shown in 

Figure 1A. The percentages of either photophobia or gritty increased significantly at 1, 2, and 4wk postoperatively 

(P<0.001, <0.001, 0.003; <0.001, <0.001, 0.001, respectively), while they decreased to the preoperative levels in both 8 

and 12wk postoperatively (P=0.347, 0.228, 0.08, 0.448, respectively). The percentage of sore eyes in the first week 

postoperatively was significantly higher than preoperation (P<0.001), but there were no significant differences between 

the percentages of pre-operation and 2, 4, 8, and 12wk postoperatively (P=0.011, 0.161, 0.161, 0.554, respectively). 

 

Figure 1 Changes of ocular surface symptoms and OSCI scores  A: Changes in the distribution of photophobia, gritty and sore 

eyes; B: Change in OSCI score. 

 

Table 1 showed the OSDI score at each visit and the change of OSDI score was shown in Figure 1B. Compared with the 

preoperative value, the OSDI scores were all significantly higher in 1, 2, and 4wk postoperatively (P<0.001, <0.001, 

<0.001, respectively), while they decreased to the preoperative level in 8 and 12wk postoperatively (P=0.024, 1, 

respectively).  
Table 1 Clinical parameters of preoperative and each visit postoperatively                        mean±SD, n=30 

Clinical parameters Baseline 1wk 2wk 4wk 8wk 12wk 

OSDI score 2.3±3.44 25.69±12.74 19.62±11.57 11.39±8.12 4.64±4.81 2.36±3.82 

TMH (mm) 0.29±0.11 0.34±0.13 0.31±0.1 0.29±0.12 0.28±0.08 0.26±0.08 

NITBUT-first (s) 12.11±3.28 4.58±1.7 6.52±2.58 8.86±2.82 10.65±2.8 12.46±3.11 

NITBUT-average (s) 19.09±2.77 8.63±1.94 14.4±2.8 11.72±2.73 16.83±3.05 19.15±2.86 
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Bulbar redness score 1.66±0.5 2.69±0.74 2.24±0.67 1.98±0.65 1.71±0.47 1.57±0.43 

OSDI: Ocular Surface Disease Index; TMH: Tear meniscus height; NITBUT: Noninvasive tear breakup time. 

 

Ocular Surface Parameters Measured by Keratograph 5M  Table 1 summarized the ocular surface parameters at 

each visit, including TMH, NITBUT-first, NITBUT-average and bulbar redness score. In comparison with preoperative 

TMH, the values were higher within 2wk than preoperative, while there were no significant differences at every visit 

postoperatively (P=0.012, 0.336, 0.665, 0.508, 0.088, respectively). The change in TMH was shown in Figure 2A. 

 

Figure 2 Changes of ocular surface parameters measured by Keratograph 5M  A: Changes in TMH; B: Changes in 

NITBUT-first; C: Changes in NITBUT-average; D: Changes in bulbar redness. 

 

The change in NITBUT-first was shown in Figure 2B. NITBUT-first values in 1, 2, 4, and 8wk postoperatively were all 

significantly lower than preoperative (all P<0.001). However, there was no significant difference between the values in 

12wk postoperatively and pre-operation (P=0.172). Similar to the changes in NITBUT-first and OSDI score, 

NITBUT-average was significantly shortened after PPV, but gradually improved as time passed (Figure 2C). The values 

in 1, 2, 4, and 8wk postoperatively were significantly lower than preoperative (all P<0.001). However, the values were 

not significantly different between 12wk postoperatively and preoperative (P=0.781). The change in the bulbar redness 

score was shown in Figure 2D. The score was significantly higher in 1, 2, and 4wk postoperatively than preoperative 

(all P<0.001). However, compared to preoperative, there were no significant differences in both 8 and 12wk 

postoperatively (P=0.184, 0.108, respectively).  

Correlations Between Clinical Parameters  Correlations between all clinical parameters were analyzed. Significant 

positive correlation was found between NITBUT-first and NITBUT-average at each visit (r=0.548, P=0.002; r=0.586, 

P=0.001; r=0.58, P=0.001; r=0.587, P<0.001; r=0.634, P=0.001; r=0.584, P=0.001; respectively). In addition to this, 

we also found that TMH had a significant positive correlation with NITBUT-average (r=0.49, P=0.006) in the first 

week postoperatively. 

DISCUSSION 

Compared with other traditional methods, Oculus Keratograph is a noninvasive and objective method to assess the 

ocular surface, which is more likely to be applied in clinical practice with high practicability. Many studies reported that 

the stability of ocular surface was damaged after some surgery, causing dry eye related symptoms and signs, such as 

photorefractive keratectomy, laser in situ keratomileusis, and cataract surgery. In this study, we analyzed the changes of 

ocular surface after PPV via OSDI questionnaire, and measuring TMH, NITBUT and bulbar redness via keratograph 

5M. 

In the current study, we found many patients complained of eye discomfort, including photophobia and gritty, 

especially within 4wk postoperatively. Also, there were many patients complaining of sore eyes, especially in the first 

week. OSDI questionnaire was used to assess symptoms of ocular surface subjectively in our study, which is one of the 

most commonly used questionnaires to assess dry eye. Our results showed that OSDI score increased significantly 

within 4wk after PPV, and it returned to preoperative level in 8 and 12wk postoperatively. This changing pattern 
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corresponds with our clinical observation that few patients complain of eye discomfort after 4 weeks postoperatively. 

Tropicamide-phenylephrine (Mydrin-P, Santen) was provided for all patients routinely, which can lead to photophobia. 

Thus, the symptom of photophobia may be caused by both the PPV and Mydrin-P. 

Schirmer test is a traditional method for detecting tear secretion, while it’s an invasive operation which induces reflex 

tearing. A positive correlation between TMH and Schirmer test value has been reported[10]. Thus, TMH can be 

considered as a noninvasive test for tear secretion and it’s also a sensitive indicator of tear deficiency before dry eye 

appearance[11]. Our study showed TMH increased 0.05 mm in 1wk and 0.02 mm in 2wk postoperatively which has little 

clinical significance, and there were no significant differences compared to preoperative. PPV induced stimulation of 

ocular surface may contribute to reflex tearing, such as surgical incisions, sutures, and bulbar conjunctival edema. 

Along with the incision healing, sutures absorption, conjunctival edema subsiding and trauma repair, tear secretion 

decreases and returns to the baseline level. 

TBUT reflects the stability of tear film, which is an important index to evaluate dry eye[12]. Fluorescein TBUT is widely 

used in clinical examination, while the fluorescein dye can destabilize the tear film and it has been reported that 

fluorescein BUT can be affected by the volume of fluorescein. Oculus Keratograph can detect the very early changes of 

the tear film and record very low NITBUT objectively with high reliability and repeatability[13-14]. Abdelfattah et al[15] 

reported that NITBUT measured by Keratograph 4 can be substituted for the numerical fluorescein TBUT value. The 

present study recorded the changes of both NITBUT-first and NITBUT-average after PPV via Keratograph 5M. We 

found both of them were decreased significantly within 8wk postoperatively, especially in the first week, and recovered 

to the baseline levels gradually in 12wk postoperatively. Similar to our study, Servet et al[16] reported that fluorescein 

TBUT impaired up to 1 month after phacoemulsification, followed by a recovering trend toward the preoperative level 

in 12wk. There was a significant positive correlation between NITBUT-first and NITBUT-average at each visit, 

demonstrating either of them can be used to evaluate tear film stability. 

Golbet cells within conjunctival epithelium are special cells secreting mucins onto the ocular surface[17]. Mucins 

secreted plays an important role in maintaining tear film stability, which can assist with removal of debris from the tear 

film and contribute to the hydrophilicity of tear film[10-20]. Previous studies reported that the density of goblet cells 

didn’t return to a preoperative level even at 3mo after cataract surgery[21], but MUC5AC could recover to the 

preoperative level at 3mo after phacotrabeculectomy[22]. Heimann et al[23] reported that there was a significant decrease 

in MUC5AC positive goblet cells and distribution change of MUC1 in the conjunctival specimens of patients 

undergoing posterior segment surgery, which may contribute to the development of tear film instability and dry eye. 

The decrease in goblet cells has been reported to be correlated with the operative time of cataract surgery[24]. Compared 

with cataract and glaucoma surgery, the operative time of PPV is longer, which may contribute to the decrease in goblet 

cells and tear film instability. 

Operation induced damage to the cornea and conjunctiva destabilizes tear films. Intraoperative ocular surface 

manipulation, vigorous irrigation and microscopic light exposure were reported to be related to dry eye after cataract 

surgery[25], which may be associated with reduced goblet cell density. Thus, we presumed that ocular surface damage 

during PPV contributed to the tear film instability. Additionally, surgical incisions, conjunctival sutures and edema lead 

to morphological changes of ocular surface, which may also affect tear distribution and leading to a decrease of tear 

film stability[26]. In this study, we found there was moderate correlation between TMH and NITBUT-average just in the 

first week after PPV, demonstrating that the effect of surgery-induced reflex tearing on tear film instability was week.  

Benzalkonium chloride is the most common preservative used in eye drops. It can cause lots of ocular adverse effects, 

including dry eye, ocular inflammation, trabecular meshwork degeneration, and even optic nerve injury, which is 

associated with its toxic effect[27]. In our study, all three eye drops used postoperatively contained benzalkonium 

chloride which may also contribute to tear film instability and dry eye postoperatively. However, the influence of 

benzalkonium chloride on meibomian glands takes weeks. So, benzalkonium chloride may have little contribution to the 

tear film instability within 8wk postoperatively. 

Bulbar redness is a common clinical sign after ophthalmic surgery, and it may reflect the response of ocular surface to 

pathogenic stimuli and the severity of inflammation. Fujita et al[28] reported that IL-1β, IL-6, and IL-8 increased 

significantly after PPV. Thus, inflammatory events of the ocular surface can be evaluated via detecting bulbar redness. 

In clinical practice, bulbar redness is mainly assessed by photographic scales, including Institute for Eye Research scale, 

the Efron scale, and the Validated Bulbar Redness grading scale[29]. Unlike the image-based scales, Keratograph is the 
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first commercially available device that can evaluate bulbar redness by analyzing the captured images automatically and 

objectively. Wu et al[30] reported that its reproducibility was much higher than the other three image-based scales for 

evaluating bulbar redness. In our study, the bulbar redness score increased significantly within the 4wk postoperatively, 

but it recovered to the preoperative level in 8wk postoperatively. These results correspond with our clinical observation 

that most patients complain of eye discomfort within the 4wk after PPV, especially within the 2wk postoperatively. 

However, the sample size of this study is very small, which needs to be expanded. Also, another study on 25-gauge 

PPV without sutures needs to be carried out further to exclude the impact of sutures and PPV associated risk factors will 

be analyzed further to reduce ocular surface damage.  

In conclusion, to the best of our knowledge, this is the first study to evaluate the ocular surface after PPV via 

noninvasive Keratograph, including tear film and bulbar redness. Our results demonstrated that PPV caused various 

changes in the symptoms and signs of ocular surface damage at an early stage, while these changes returned to 

preoperative levels gradually afterwards. This study can serve as a guide for further treatment of ocular surface after 

PPV[31].  
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Abstract 
AIM: To evaluate the repeatability and comparison of corneal visualization scheimpflug technology (Corvis ST) 
parameters in keratoconus eyes before and after accelerated transepithelial corneal cross-linking (ATE-CXL). 

METHODS: Thirty eyes of 30 progressive keratoconus patients were included in the prospective study. Three 
repeated corneal biomechanical measurements were performed preoperatively and one month postoperatively by 
Corvis ST. The interclass correlation coefficient (ICC) and 95% confidence interval (CI), Cronbach’ α, repeatability 
coefficient (RC), and coefficient of variation (CV) were used to evaluate the repeatability of Corvis ST parameters. 
Paired t test or Wilcoxon rank test was used to evaluate the differences between preoperative and postoperative 
data. 

RESULTS: At preoperative, 26 of 39 (66.67%) parameters showed good to excellent repeatability, 6 (15.38%) 
showed moderate, and 7 (17.95%) showed poor repeatability. Similarly, 34 (87.18%) parameters showed good to 
excellent repeatability, 3 (7.69%) showed moderate, and 2 (5.13%) showed poor repeatability after ATE-CXL. After 
ATE-CXL 1mo, the intraocular pressure (IOP), biomechanical corrected IOP (bIOP), first applanation time (A1T), 
Radius, deformation amplitude at the first applanation (A1DA), deflection length at the maximum deformation 
(HCDLL) and stiffness parameter at first applanation (SP A1) parameters increased, while the steep keratometry 
(Ks), flat keratometry (Kf), mean keratometry (Kmean), second applanation time (A2T), DA Ratio Max (2 mm) and 
integrated radius parameters decreased (all P<0.05). 

CONCLUSION: The repeatability of the Corvis ST parameters before and 1mo ATE-CXL follow up were both 
acceptable, and the corneal stiffness was improved after 1-month ATE-CXL. 

KEYWORDS: keratoconus; accelerated transepithelial corneal cross-linking; Corvis ST parameters; repeatability; 
early corneal biomechanical changes 
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INTRODUCTION  

Keratoconus is a progressive corneal disorder characterized by progressive corneal thinning and increasing conical 

shape[1]. Previous study reported the disease typically presents in teenage years, and leads to irregular astigmatism and 

visual impairment[2]. The current options for improving visual acuity mainly included glasses, rigid gas permeable 

contact lenses (RGP), intracorneal ring segments (ICRS), corneal cross-linking (CXL) and corneal transplantation[3]. As 

a method halting the progression of keratoconus, CXL method was shown to be an effective procedure for progressive 

keratoconus by increasing the corneal stiffness[4]. 

The CXL is a photochemical reaction utilizing ultraviolet (UV) A light and riboflavin as a photosensitizer[5], and 

induces covalent cross-link bonds between collagen fibers in the corneal stroma[6]. The CXL could halt the progression 

of keratoconus via increasing the corneal biomechanical strength and stability[7]. The accelerated transepithelial CXL 

(ATE-CXL), in which the epithelium is not removed, was developed to maintain the integrity of the corneal epithelium 

layer and decrease the risk of postoperative infection[8-9]. Several studies have reported the ATE-CXL was safe and 

effective in terms of the topographic outcomes of keratoconus[10-11]. Previous study suggested that the dynamic corneal 

response (DCR) parameters following CXL might be changed before corneal shape modifications[2], but the study 

related to the efficacy of corneal biomechanical parameters was limited. The Corneal Visualization Scheimpflug 

Technology (Corvis ST) is a relatively new noncontact tonometer, which is available to measure the corneal 

biomechanical properties[12-13]. Recent study reported the Corvis ST could detect changes in corneal biomechanical 

properties after CXL, and these researches mostly assessed the corneal biomechanical changes after conventional CXL 

or epithelium off CXL in eyes with keratoconus[14-15]. The study reporting the changes of Corvis ST parameters after 

ATE-CXL remains limited. In addition, previous studies reported that the repeatability of corneal biomechanical 

parameters were acceptable in normal and keratoconus eyes[16-17]. However, the study evaluating the repeatability of 

these parameters after ATE-CXL was still limited. Thus, the current study aimed to evaluate the repeatability of Corvis 

ST parameters preoperative and postoperative 1-month, and further compared the corneal biomechanical changes after 

ATE-CXL in patients with keratoconus.  

SUBJECTS AND METHODS 

Ethical Approval  This study adhered to the Declaration of Helsinki guidelines and all procedures involving human 

subjects were approved by the Institutional Review Board of Henan Eye Hospital [ethical approval number: 

HNEECKY-2019(5)]. This study has been registered at Chinese Clinical Trial Register (Registration number: 

ChiCTR-1900023046), and written informed consent was obtained from all patients or the legal guardian of pediatric 

keratoconus. 

Patients with keratoconus underwent the treatment of ATE-CXL at Henan Eye Hospital & Henan Eye Institute between 

March 2019 and August 2019. Progressive keratoconus eyes that have increments of a maximal keratometry or an 

astigmatic degree for at least 1.00 D in the last year were included in the research[10]. Subjects with anterior stromal scar, 

thinnest corneal thickness (TCT) less than 400 µm, previous other ocular diseases and a history of ocular surgeries were 

excluded. Finally, thirty eyes of 30 keratoconus patients aged 21.7±4.3y were recruited in the current prospective study. 

Examinations  The basic characters of participants were collected through medical records. The ocular examinations, 

which included best corrected visual acuity (BCVA), slit lamp examination, and ophthalmoscope examination, were 

performed by one experienced operator between 9:00 and 17:00. The mean endothelium cell density (MCD) was 

measured by a noncontact specular microscope (Tomey, EM-3000, Tokyo, Japan). The corneal tomographic 

measurements were performed by swept-source anterior segment optical coherence tomography machine (Casia 

SS-1000, Tomey, Nagoya, Japan), and the steep keratometry (Ks), flat keratometry (Kf), and mean keratometry (Kmean) 

and apex corneal thickness (ACT) and TCT were recorded. 

Corvis ST (Oculus 72100, Wetzlar, Germany) takes Scheimpflug images of the anterior segment at a rate of 4330 

frames/s and collects approximately 140 horizontal section images[18-19]. It captures the corneal curvature changes in 

space and time with an air pulse. The corneal biomechanical response contains three phases: first applanation, highest 

concavity and second applanation[20]. The values of applanation times, velocities, deformation amplitude (DA), 

deflection length (DLL), deflection area (DLAr) and delta arc length (dArcL) at three phases were recorded. In addition, 

the intraocular pressure (IOP), biomechanical corrected intraocular pressure (bIOP), central corneal thickness (CCT), 

peak distance (PD), radius and whole eye movement were presented. The new Corvis ST parameters were also added in 
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current study: the maximum value of the ratio between deformation amplitude at the apex 1 and 2 mm from central 

cornea [DA Ratio Max (1 mm), DA Ratio Max (2 mm)], max inverse radius, integrated radius, Ambrósio’s relational 

thickness horizontal (ARTh), stiffness parameter at the first applanation (SP A1) and Corvis biomechanical index (CBI). 

The detailed descriptions of parameters were shown in Table 1. Three repeated measurements of preoperative and 

postoperative 1-month were examined by the same Corvis ST Software and only examinations with good quality scores 

that enabled calculation of all deformation parameters were included in the analysis. All Corvis ST measurements were 

performed by a single experienced operator (QF) with 2-5min interval[12]. 
Table 1 The clinical parameters of keratoconus eyes                                                   n=30 

Parameters Preoperative Postoperative Differences t/Z P 

BCVA (logMAR) 0.44±0.38 0.41±0.28 0.00±0.17 0.678 0.503

MCD (cells/mm2) 2827.97±274.57 2720.17±244.25 107.80±290.64 2.032 0.051

Ks (D), median (IQR) 51.15 (48.23, 53.13) 50.60 (48.75, 54.08) -0.40 (-0.10, 0.33) -2.213 0.027

Kf (D), median (IQR) 48.30 (44.68, 49.35) 48.40 (44.83, 50.10) -0.50 (-0.98, 0.13) -2.998 0.003

Kmean (D), median (IQR) 49.80 (46.43, 51.18) 49.55 (46.58, 52.15) -0.40 (-0.90, 0.10) -2.960 0.003

ACT (µm), median (IQR) 457.89±29.57 456.54±25.64 1.27±9.72 0.714 0.482

TCT (µm), median (IQR) 433 (410.25, 449.25) 431 (411.25, 447.25) 1.57±7.06 -0.445 0.656

BCVA: Best corrected visual acuity; MCD: Mean endothelium cell density; Ks: Steep keratometry; Kf: Flat keratometry; Kmean: 

Mean keratometry; ACT: Apex corneal thickness; TCT: Thinnest corneal thickness; SD: Standard deviation; IQR: Interquartile 

range.  

 

Surgical Technique  ATE-CXL surgery was performed by one professional ophthalmologist. Before the surgery, 

topical anesthetic eye drops were applied. After a lid speculum was used, paracel solution (0.25% 

riboflavin-5-phosphate, hydroxylpropyl methylcellulose, NaCl, ethylenediaminetetraaceticacid, Tris, and benzalkonium 

chloride) was used every 60s in 4min. The cornea was then continually infiltrated with Vibex-Xtra Solution (riboflavin 

phosphate 2.80 mg/mL and NaCl) every 60s in 6min. After the cornea was rinsed with balanced salt solution (BBS), 

UV treatment (irradiation intensity: 45 mW/cm2; pulse irradiation mode: one second on, next second off; total 

irradiation energy: 7.2 J) using Avedro’s KXL System for 320s with BBS used to keep the ocular surface moist. Then, a 

bandage contact lens was applied after the procedure. The postoperative medications containing levofloxacin (4 times 

daily for 2wk), 0.1% fluorometholone (4 times per day for 1mo), and artificial tears (4 times daily for 3mo) were used 

after the surgery completed.  

Statistical Analysis  The normality of continuous data was tested by Kolmogorov-Smirnov test. The mean±standard 

deviation (SD) was applied to described normally distributed data, and median (IQR, interquartile range) for not. The 

repeatability is defined as the SD observed upon multiple measurements of the same eye. It is considered as a method to 

evaluate the reliability and precision of Corvis ST measurements[21]. The interclass correlation coefficient (ICC) and 

95% confidence interval (CI), Cronbach’ α, repeatability coefficient (RC), and coefficient of variation (CV) were used 

to evaluate the repeatability of Corvis ST parameters. The ICC≥0.75 means good to excellent repeatability, and 

ICC≥0.60 means moderate, and ICC < 0.60 means poor repeatability[22]. The RC was calculated as 2.77× within-subject 

SD (Sw)[23]. The paired t test or Wilcoxon rank test was used to evaluate the differences between preoperative and 

postoperative data. All statistical analysis was performed using SPSS 23.0 software package, and P<0.05 (two-tailed) 

was considered as statistically significant. 

RESULTS 

The Clinical Parameters in Eyes with Keratoconus  No postoperative complications were found at 1mo follow up 

of ATE-CXL. The clinical parameters of keratoconus patients were shown in Table 1. There were no significant 

differences in BCVA, MCD, ACT and TCT before and after ATE-CXL over the 1mo postoperatively (P>0.05). The 

values of Ks, Kf and Kmean changed from 51.15 (48.23, 53.13), 48.30 (44.68, 49.35) and 49.80 (46.43, 51.18) 

preoperatively to 50.60 (48.75, 54.08), 48.40 (44.83, 50.10), and 49.55 (46.58, 52.15) postoperatively, respectively (all 

P<0.05). 

Repeatability of the Corvis ST parameters in eyes with keratoconus  The CV, Cronbach’ α, ICC (95%CI), Sw and 

RC values of each parameter were shown in Table 2 (preoperative) and Table 3 (postoperative 1mo). At preoperative, 

26 (66.67%) of 39 parameters showed good to excellent repeatability (ICC≥0.75), 6 (15.38%) showed moderate 
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(ICC≥0.60), and 7 (17.95%) showed poor repeatability (ICC<0.60). Similarly, 34 (87.18%) showed good to excellent 

repeatability, 3 (7.69%) showed moderate, and 2 (5.13%) showed poor repeatability at 1mo ATE-CXL follow up. The 

RC values of integrated radius and SP A1 were 3.76 and 22.85 at preoperative, and decreased to 2.35 and 16.53 at 1mo 

ATE-CXL follow up, separately. 
Table 2 Repeatability of Corvis ST parameters at preoperative                                          n=30 

Parameters CV (%) Cronbach’ α ICC (95%CI) S w RC 
IOP (mm Hg) 0.17 0.905 0.908 (0.832, 0.953) 1.12 3.11 
CCT (µm) 0.06 0.965 0.964 (0.935, 0.982) 8.93 24.74 
DA Max (mm) 0.09 0.921 0.918 (0.850, 0.958) 0.06 0.16 
A1T (ms) 0.04 0.926 0.928 (0.869, 0.963) 0.13 0.35 
A1V (m/s) 0.13 0.818 0.801 (0.637, 0.899) 0.02 0.05 
A2T (ms) 0.01 0.854 0.853 (0.732, 0.925) 0.22 0.62 
A2V (m/s) -0.17 0.878 0.882 (0.784, 0.940) 0.03 0.09 
HCT (ms) 0.02 0.221 0.232 (-0.402, 0.608) 0.53 1.46 
PD (mm) 0.05 0.896 0.899 (0.815, 0.948) 0.13 0.37 
Radius (mm) 0.14 0.892 0.878 (0.777, 0.938) 0.41 1.14 
A1DA (mm) 0.10 0.726 0.710 (0.471, 0.852) 0.01 0.03 
HCDA (mm) 0.09 0.921 0.918 (0.850, 0.958) 0.06 0.16 
A2DA (mm) 0.19 0.864 0.863 (0.750, 0.930) 0.05 0.14 
A1DLL (mm) 0.12 0.490 0.504 (0.086, 0.750) 0.28 0.78 
HCDLL (mm) 0.19 0.806 0.790 (0.612, 0.894) 0.82 2.26 
A2DLL (mm) 0.20 0.521 0.512 (0.100, 0.754) 0.84 2.34 
A1DLA (mm) 0.13 0.748 0.721 (0.491, 0.858) 0.01 0.04 
HCDLA (mm) 0.12 0.913 0.912 (0.839, 0.955) 0.06 0.18 
A2DLA (mm) 0.19 0.791 0.797 (0.630, 0.896) 0.02 0.05 
DLAML (mm) 0.11 0.871 0.868 (0.759, 0.933) 0.08 0.21 
DLAMT (ms) 0.02 -0.263 -0.254 (-1.288 ,0.36) 0.77 2.14 
WEMA (mm) 0.25 0.875 0.873 (0.768, 0.935) 0.05 0.13 
WEMT (ms) 0.05 0.832 0.826 (0.683, 0.911) 0.82 2.28 
A1DLAr (mm2) 0.19 0.623 0.604 (0.277, 0.798) 0.04 0.12 
HCDLAr (mm2) 0.16 0.912 0.911 (0.838, 0.955) 0.29 0.80 
A2DLAr (mm2) 0.27 0.651 0.660 (0.379, 0.826) 0.07 0.19 
A1dArcL (mm) -0.27 0.784 0.766 (0.573, 0.881) 0.00 0.01 
HCdArcL (mm) -0.40 0.478 0.432 (-0.036, 0.710) 0.05 0.13 
A2dArcL (mm) -0.42 0.709 0.707 (0.466, 0.851) 0.01 0.03 
dArcLM (mm) -0.43 0.842 0.841 (0.710, 0.919) 0.04 0.11 
Max Inverse Radius (mm-1) 0.20 0.809 0.790 (0.618, 0.893) 0.04 0.11 
DA Ratio Max (2 mm) 0.17 0.688 0.681 (0.418, 0.837) 1.14 3.15 
Pachy Slope (µm) 0.27 0.916 0.918 (0.850, 0.958) 11.18 30.96 
DA Ratio Max (1 mm) 0.04 0.439 0.421 (-0.056, 0.705) 0.10 0.27 
ARTh 0.30 0.936 0.937 (0.885, 0.968) 23.86 66.08 
bIOP (mm Hg) 0.13 0.861 0.865 (0.753, 0.931) 1.23 3.41 
Integrated radius (mm-1) 0.15 0.853 0.849 (0.725, 0.923) 1.36 3.76 
SP A1 0.26 0.922 0.915 (0.844, 0.956) 8.25 22.85 
CBI 0.01 0.547 0.542 (0.165, 0.766) 0.01 0.03 

IOP: Intraocular pressure; CCT: Central corneal thickness; DA: Deformation amplitude; A1T: The first applanation time; A1V: The 

first applanation velocity; A2T: The second applanation time; A2V: The second applanation velocity; HCT: The maximum 

deformation time; PD: Peak distance; DLL: Deflection length; DLA: Deflection amplitude; DLAML: Max length at deflection 

amplitude; DLAMT: Max time at deflection amplitude; WEMA: Max amplitude of whole eye movement; WEMT: Max time of 
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whole eye movement; DLAr: Deflection area; dArcL: Delta arc length; dArcLM: Max delta arc length; DA ratio: Deformation 

amplitude ratio; ARTh: Ambrósio’s relational thickness horizontal; bIOP: Biomechanical corrected intraocular pressure; SP A1: 

Stiffness parameter at the first applanation; CBI: Corvis biomechanical index; SD: Standard deviation; IQR: Interquartile range; CV: 

Coefficient of variation; ICC (95%CI): Interclass correlation coefficient (95%CI); Sw, Within-subject standard deviation; RC: 

Repeatability coefficient. 

Table 3 Repeatability of Corvis ST parameters at 1mo postoperatively                                    n=30 

Parameters CV (%) Cronbach’ α ICC (95%CI) Sw RC 
IOP (mm Hg) 0.17 0.945 0.946 (0.902 ,0.973) 0.94 2.62 
CCT (µm) 0.06 0.977 0.977 (0.958, 0.988) 6.78 18.78 
DA Max (mm) 0.09 0.922 0.924 (0.862, 0.961) 0.05 0.14 
A1T (ms) 0.04 0.947 0.948 (0.905, 0.974) 0.11 0.32 
A1V (m/s) 0.16 0.915 0.916 (0.846, 0.957) 0.01 0.04 
A2T (ms) 0.02 0.914 0.912 (0.840, 0.955) 0.20 0.54 
A2V (m/s) -0.15 0.869 0.873 (0.769, 0.935) 0.03 0.08 
HCT (ms) 0.03 0.662 0.657 (0.373, 0.825) 0.45 1.23 
PD (mm) 0.04 0.885 0.889 (0.797, 0.943) 0.13 0.35 
Radius (mm) 0.14 0.911 0.911 (0.837, 0.954) 0.36 1.00 
A1DA (mm) 0.12 0.813 0.819 (0.669, 0.907) 0.01 0.04 
HCDA (mm) 0.09 0.922 0.924 (0.862, 0.961) 0.05 0.14 
A2DA (mm) 0.17 0.861 0.862 (0.749, 0.930) 0.05 0.13 
A1DLL (mm) 0.08 0.794 0.799 (0.634, 0.898) 0.14 0.39 
HCDLL (mm) 0.09 0.550 0.559 (0.196, 0.775) 0.60 1.65 
A2DLL (mm) 0.21 0.633 0.645 (0.352, 0.819) 0.68 1.90 
A1DLA (mm) 0.15 0.915 0.917 (0.849, 0.958) 0.01 0.02 
HCDLA (mm) 0.11 0.876 0.876 (0.774, 0.937) 0.07 0.20 
A2DLA (mm) 0.18 0.922 0.921 (0.856, 0.960) 0.01 0.03 
DLAML (mm) 0.10 0.821 0.822 (0.674, 0.909) 0.08 0.22 
DLAM (ms) 0.03 0.451 0.457 (0.009, 0.723) 0.72 2.00 
WEMA (mm) 0.20 0.783 0.788 (0.612, 0.892) 0.05 0.14 
WEMT (ms) 0.05 0.787 0.794 (0.624, 0.895) 0.80 2.22 
A1DLAr (mm2) 0.19 0.859 0.86 (0.745, 0.929) 0.03 0.07 
HCDLA r(mm2) 0.16 0.810 0.809 (0.651, 0.902) 0.41 1.12 
A2DLAr (mm2) 0.25 0.870 0.867 (0.758, 0.932) 0.04 0.12 
A1dArcL (mm) -0.27 0.913 0.916 (0.846, 0.957) 0.00 0.01 
HCdArcL (mm) -0.42 0.826 0.827 (0.685, 0.912) 0.03 0.08 
A2dArcL (mm) -0.34 0.811 0.811 (0.655, 0.904) 0.01 0.02 
dArcLM (mm) -0.22 0.841 0.838 (0.705, 0.918) 0.02 0.06 
Max Inverse Radius (mm-1) 0.16 0.788 0.794 (0.625, 0.895) 0.03 0.09 
DA Ratio Max (2 mm) 0.17 0.888 0.891 (0.802, 0.944) 0.61 1.70 
Pachy Slope (µm) 0.30 0.956 0.956 (0.920, 0.978) 8.78 24.33 
DA Ratio Max (1 mm) 0.04 0.838 0.839 (0.707, 0.918) 0.05 0.14 
ARTh 0.32 0.962 0.963 (0.933, 0.981) 19.29 53.44 
bIOP (mm Hg) 0.14 0.941 0.942 (0.894, 0.970) 0.93 2.57 
Integrated Radius (mm-1) 0.14 0.921 0.921 (0.856, 0.960) 0.85 2.35 
SP A1 0.25 0.958 0.959 (0.925, 0.979) 5.97 16.53 
CBI 0.08 0.700 0.708 (0.468, 0.851) 0.01 0.04 

IOP: Intraocular pressure; CCT: Central corneal thickness; DA: Deformation amplitude; A1T: The first applanation time; A1V: The 

first applanation velocity; A2T: The second applanation time; A2V: The second applanation velocity; HCT: The maximum 

deformation time; PD: Peak distance; DLL: Deflection length; DLA: Deflection amplitude; DLAML: Max length at deflection 
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amplitude; DLAMT: Max time at deflection amplitude; WEMA: Max amplitude of whole eye movement; WEMT: Max time of 

whole eye movement; DLAr: Deflection area; dArcL: Delta arc length; dArcLM: Max delta arc length; DA ratio: Deformation 

amplitude ratio; SP A1, stiffness parameter at the first applanation; CBI, Corvis biomechanical index; SD, standard deviation; IQR, 

interquartile range; CV: Coefficient of variation; ICC (95%CI): Interclass correlation coefficient (95% confidence interval); S w: 

Within-subject standard deviation; RC: Repeatability coefficient. 

 

Comparison of Corvis ST Measurements Between Preoperative and 1mo Postoperative  The IOP and bIOP 

measured by Corvis ST Software increased from 12.87±2.14, 14.61±1.93 preoperatively to 14.08±2.35, 15.99±2.22 

postoperatively (Table 4, P<0.05). The A1T, Radius, A1DA, HCDLL and SP A1 increased, while A2T, DA Ratio Max 

(2 mm) and integrated radius decreased after ATE-CXL (P<0.05). 
Table 4 Comparison of Corvis ST measurements between preoperative and 1mo postoperative 

Parameters Preoperative Postoperative t/Z P 
IOP (mm Hg) 12.87±2.14 14.08±2.35 -3.617 0.001 
CCT (µm) 473.17±27.28 468.27±25.85 2.020 0.053 
DA Max (mm) 1.23±0.12 1.20±0.10 1.681 0.103 
A1T (ms) 6.90±0.27 7.01±0.29 -2.786 0.009 
A1V (m/s) 0.17±0.02 0.17±0.03 1.177 0.249 
A2T (ms) 22.34±0.34 22.16±0.38 3.023 0.005 
A2V (m/s) -0.31±0.05 -0.30±0.04 -1.233 0.227 
HCT (ms), median (IQR) 17.33 (17.09, 17.61) 17.33 (17.07, 17.67) -0.304 0.761 
PD (mm) 4.98±0.24 4.92±0.22 1.770 0.087 
Radius (mm) 4.84±0.68 5.03±0.70 -2.527 0.017 
A1DA (mm) 0.14±0.01 0.15±0.02 -2.557 0.016 
HCDA (mm) 1.23±0.12 1.20±0.10 1.681 0.103 
A2DA (mm) 0.42±0.08 0.43±0.07 -1.067 0.295 
A1DLL (mm) 2.28±0.27 2.28±0.18 -0.107 0.916 
HCDLL (mm), median (IQR) 5.93(4.90,6.26) 6.14 (5.58, 6.33) -2.787 0.005 
A2DLL (mm), median (IQR) 3.44(2.66,3.71) 2.98 (2.62, 3.67) -0.771 0.441 
A1DLA (mm), median (IQR) 0.11 (0.10, 0.12) 0.11 (0.10, 0.12) -0.555 0.579 
HCDLA (mm) 1.04±0.12 1.01±0.12 1.220 0.232 
A2DLA (mm) 0.12±0.02 0.12±0.02 -0.954 0.348 
DLAML (mm) 1.06±0.12 1.03±0.11 1.800 0.082 
DLAMT (ms) 16.34±0.40 16.28±0.56 0.563 0.578 
WEMA (mm) 0.31±0.08 0.32±0.06 -1.093 0.283 
WEMT (ms) 22.25±1.14 22.24±1.02 0.106 0.916 
A1DLAr (mm2) 0.20±0.04 0.20±0.04 -0.474 0.639 
HCDLAr (mm2) 3.48±0.56 3.39±0.54 0.876 0.388 
A2DLAr (mm2) 0.25±0.07 0.27±0.07 -1.278 0.211 
A1dArcL (mm) -0.02±0.01 -0.02±0.01 0.778 0.443 
HCdArcL (mm), median (IQR) -0.09 (-0.12, -0.07) -0.10 (-0.12, -0.08) -1.306 0.191 
A2dArcL (mm) -0.02±0.01 -0.03±0.01 1.613 0.118 
dArcLM (mm), median (IQR) -0.12 (-0.14, -0.1) -0.13 (-0.14, -0.11) -1.173 0.241 
Max Inverse Radius (mm-1) 0.26±0.05 0.25±0.04 1.983 0.057 
DA Ratio Max (2 mm), median (IQR) 6.62 (5.76, 7.71) 6.23 (5.70, 7.20) -2.149 0.032 
Pachy Slope (µm) 82.65±22.47 81.50±24.26 0.565 0.577 
DA Ratio Max (1 mm) 1.78±0.07 1.76±0.07 1.326 0.195 
ARTh 180.94±54.81 181.92±58.29 -0.183 0.856 
bIOP (mm Hg) 14.61±1.93 15.99±2.22 -4.214 0.001 
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Integrated Radius (mm-1) 13.49±2.02 12.62±1.74 3.707 0.001 
SP A1, median (IQR) 61.29 (47.73,76.17) 66.13 (55.06,76.92) -2.972 0.003 
CBI, median (IQR) 1.00 (1.00,1.00) 1.00 (1.00,1.00) -1.503 0.133 

IOP: Intraocular pressure; CCT: Central corneal thickness; DA: Deformation amplitude; A1T: The first applanation time; A1V: The 

first applanation velocity; A2T: The second applanation time; A2V: The second applanation velocity; HCT: The maximum 

deformation time; PD: Peak distance; DLL: Deflection length; DLA: Deflection amplitude; DLAML: Max length at deflection 

amplitude; DLAMT: Max time at deflection amplitude; WEMA: Max amplitude of whole eye movement; WEMT: Max time of 

whole eye movement; DLAr: Deflection area; dArcL: Delta arc length; dArcLM: Max delta arc length; DA ratio: Deformation 

amplitude ratio; ARTh: Ambrósio’s relational thickness horizontal; bIOP: Biomechanical corrected intraocular pressure; SP A1: 

Stiffness parameter at the first applanation; CBI: Corvis biomechanical index; SD: Standard deviation; IQR: Interquartile range. 

 

DISCUSSION 

The early changes of DCR parameters following ATE-CXL occurred before shape modifications, and could be detected 

by Corvis ST Software. The current study demonstrated that the repeatability of Corvis ST parameters before and after 

ATE-CXL 1-month were both acceptable. The parameters of IOP, bIOP, A1T, Radius, A1DA, HCDLL, SP A1 

increased, while Ks, Kf, Kmean, A2T, DA Ratio Max (2 mm), and integrated radius decreased at 1mo ATE-CXL.  

The Corvis ST reports a variety of biomechanical parameters correlated with the applanation events[24-25]. Recent studies 

have assessed the repeatability of Corvis ST parameters, and the results showed that Corvis ST parameters were reliable 

in normal eyes and keratoconus eyes[17,26]. Compared to Ye et al[26] study that reported the ICC values of IOP, CCT, 

A1DLL, A2DLL, A1V, A2V, PD and Radius were 0.78, 0.98, 0.30, 0.32, 0.81, 0.50, 0.56 and 0.20, separately, the 

current study had higher ICC values of above parameters in keratoconus eyes. The current study found 26 parameters 

showed good to excellent repeatability, which was similarly to previous finding that 28 parameters showed good to 

excellent repeatability[17]. The discrepancy of ICC values in different studies might be attributed to the sample size, and 

a multi-center study should be conducted in future. After ATE-CXL, the ICC values of PD, HCDLL, HCDLA, DLAML, 

WEMA, WEMT, HCDLAr and dArcLM after ATE-CXL were lower than that preoperatively, while other parameters 

were higher. In addition, we found the repeatability of Corvis ST parameters after ATE-CXL have a larger percentage 

of good than that at preoperative, which indicated the measurements of Corvis ST after ATE-CXL were also reliable. 

Our study indicated the Ks, Kf and Kmean values were decreased after ATE-CXL in 30 keratoconus eyes, which was 

partly consistent with other studies. Tian et al[10] reported that ATE-CXL was a safe and effective treatment in children 

with progressive keratoconus. Aixinjueluo et al[27] found the keratometry was decreased in 12mo follow-up, and no 

complications of ATE-CXL in 30 keratoconus eyes were investigated. Huang et al[28] demonstrated that the 2y 

topographic outcomes of ATE-CXL remained unchanged and the densitometry values of the full corneal thickness may 

decrease to normal levels at 2y after ATE-CXL. Besides the changes of keratometry, several studies have reported the 

changes of BCVA and corneal thickness, which were not statistically different from our study. A study included 26 

keratoconus eyes indicated the BCVA and Kmax were improved at 12mo after ATE-CXL[29]. Huang et al[28] reported 

that the corneal thickness values decreased slightly at 12mo but increased at 24mo postoperatively when comparing to 

preoperative status. The BCVA of 18 keratoconus eyes improved from 0.64 preoperatively to 0.69 at 1y after 

ATE-CXL, while the BCVA increment and the corneal thickness decrement were not statistically at 1-month follow 

up[10]. Koh et al[30] reported that both the uncorrected and corrected distance visual acuity enhanced in moderate 

keratoconus through 1y of CXL follow-up. The inconsistent results of topographic parameters and BCVA might be 

related to the discrepancy of sample size and follow up time among different studies. Thus, the long term efficacy of 

ATE-CXL would be continued to study in future. 

The current study found the parameters of IOP, bIOP, A1T, Radius, A1DA, HCDLL and SP A1 increased, while A2T, 

DA Ratio Max (2 mm), and integrated radius decreased after 1mo ATE-CXL. The changes of IOP, bIOP, SP A1, 

Radius and Integrated radius after ATE-CXL were consistent with that after CXL or epithelium off CXL procedure. 

Several studies evaluated the changes of Corvis ST parameters at different follow-up visits after CXL[12,31]. Bak-Nielsen 

et al[32] recruited 27 keratoconus eyes and found HCT, A2T and DA parameters were significantly changed at 97d after 

CXL. Steinberg et al[33] demonstrated the IOP increased 3 mm Hg, CCT decreased 35 µm, A1T increased 0.12ms, and 

A2T decreased 0.37 ms at 3mo after CXL. However, the changes of these parameters did not show statistically 

differences at 6-month follow-up visit after CXL. Also, they further found the PD decreased 0.5 mm while Radius 

increased 0.5 mm in 24 keratoconus eyes[34]. Tomita et al[35] included 48 eyes with keratoconus and found PD was 
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significantly increased while no significant changes of DA and Radius were found at 1y after CXL. Vinciguerra et al[14] 

conducted a prospective study of 34 eyes and found the corneal stiffness was improved following CXL 1mo regarding 

to the SP A1 increased, inverse concave integrated radius and DA ratio decreased. In their other study which included 

66 eyes, the increment of corneal stiffness was verified again at the same follow up[31]. The increments of IOP and bIOP 

could due to the corneal stiffness increment, which was verified in other study[36]. The SP A1 value reflects the corneal 

resistance to deformity and a high value stands for a stiffer biomechanically cornea[15,37-38]. Integrated radius is a 

stiffness parameter that calculated by the integrated area under the curve of the inverse radius of curvature at the highest 

concavity, and the change after CXL might be related to the Kmean in a 5 mm zone of the steepest point[15]. The low 

value of the integrated radius and high value of radius are associated with a stiffer cornea[37]. The A1DA stands for 

deformation amplitude at the first applanation, and HCDLL means deflection length at the maximum deformation. The 

changes of A1DA and HCDLL after CXL were limited, and further study should be conducted to certify the changes in 

later. 

Our study found the corneal stiffness was improved at 1mo post-ATE-CXL, and the results provide some references in 

evaluating the effect of CXL on biomechanical parameters. However, there were several limitations. Firstly, the current 

study recruited 30 keratoconus patients, which is relatively small, and might decrease the statistical power. Further 

multi-center and large sample study will be conducted in a later study. Secondly, our study mainly evaluated the corneal 

biomechanical changes within a relatively short postoperative period of 1mo. The long term efficacy of the ATE-CXL 

would continue to be observed in later research. 

In conclusion, the study indicated that the repeatability of the Corvis ST parameters before and after ATE-CXL was 

both acceptable. In addition, the corneal stiffness was improved 1mo after ATE-CXL. However, multi-center study and 

long term effects of ATE-CXL needs to be conducted in future[39]. 
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Abstract 
AIM: To observe the hyaloid artery remnants in the eyes of premature infants. 

METHODS: This retrospective study recruited premature infants who consecutively attended the Tongji Hospital 
for retinopathy of prematurity screening from May 2018 to November 2018. The binocular indirect 
ophthalmoscope was used for examination. 

RESULTS: In total, 60 cases were pulled for data analysis. The cases were categorized as having the following 
condition: hyaloid artery remnants positive or hyaloid artery remnants negative. It was showed that the remnants 
positive group had significant lower gestational age and birth weight than those of the negative group (P<0.05). 
There was no significant difference in gender, labor presentation and retinopathy of prematurity between the two 
groups (P>0.05). The hyaloid artery remnants completely regressed in all the follow-up cases. The range of 
disappearing time of hyaloid artery remnants was 37-44wk of corrected gestational age. 

CONCLUSION: The hyaloid artery remnants in preterm infants are most likely to be physiological residues. 
Younger or lower weight premature infants will have higher positive detection rates of hyaloid artery remnants. It 
seems like co-existence with retinopathy of prematurity (ROP) has no significant association with the detection of 
hyaloid artery remnants. When the corrected gestational age extends over 43wk, if the hyaloid artery remnants 
don’t regress, there is a possibility of pathological changes, and appropriate interventions should be selected 
according to the severity of the lesions. 
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INTRODUCTION 

Hyaloid artery (HA) is a temporary intraocular blood vessel system in fetal period[1-3]. This vessel is the branch of the 

main ophthalmic artery, and extends from the optic disc to the embryo lens via the primitive vitreous[1-3]. It is prominent 

around ninth week of gestation period and regresses by the seventh month[1]. The regression of the vessel begins from 

posterior region, gradually progresses toward the anterior part, and then the transparent remnant lies in the canal of 

cloquet[1]. Conclusion from a series of studies suggested that vascular endothelial growth factor (VEGF) might be one 

of the important factors that trigger the development of HA[2,4-5]. If HA does not fully regress or even not regress, 

leading to the condition persistent HA, which may cause adverse effects on the visual function. The more serious is that 

the failure regression of the primary hyaloidal vasculature system may lead to persistent hyperplastic primary vitreous 
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(PHPV), which will cause worse vision[6-7]. With the continuous improvement of medical and neonatal intensive care 

level, the survival rate of premature infants gradually increased[8-11]. The HA of some premature infants was not 

completely regressed at birth. Jones reported that HA remnants could be observed in 95% of premature infants, but less 

than 3% of full-term infants[1]. The purpose of this study is to observe the HA remnants in premature infants and 

explore its regression rule. 

SUBJECTS AND METHODS  

Ethical Approval  This retrospective study included premature infants who consecutively attended the Tongji 

Hospital for retinopathy of prematurity (ROP) screening from May 2018 to November 2018. The review board of the 

Tongji Hospital approved our study, and the study followed the tenets of the Declaration of Helsinki. As it was a 

retrospective assessment and all the data were obtained during routinely taking care of the patients, the necessity of an 

informed consent by the participants was waived by the Ethics Committee.  

From May 2018 to November 2018, 94 premature infants with different gestational age (GA) underwent fundus 

examination. Informed consent for each infant was obtained from its guardian. The premature infants with genetic 

disorders or other ocular abnormalities were excluded from the observation. Usually, the eyes were first examined when 

the infants were 2-4 weeks old. But some of them who were examined later than this time were excluded from our study, 

in order to make the study more reliable. Since the HA remnants in most premature infants are both eyes[1], single 

premature infant with HA remnants involving both eyes were considered as one case. At last, 60 premature infants were 

included in our retrospective observation.  

Fundus Examination  All the infants were in the supine position. Tropicamide and topical anesthetic drops were 

applied for pupil enlargement and anesthesia. The eyelid speculum was placed for opening eyelid. The HA and retinal 

condition of premature infants were observed by the same ophthalmologist with binocular indirect ophthalmoscope. 

Statistical Analysis  SPSS software version 25.0 was used for statistical analysis. Analysis of variance (ANOVA) for 

continuous measurement data and chi-squared test for enumeration data were used for multi-group comparison, 

respectively. The measurement data are presented as the mean±standard error of mean (SEM). A P value <0.05 was 

considered to be statistically significant.  

RESULTS 

In total, 60 cases were pulled for data analysis. The cases were categorized as having the following condition: HA 

remnants positive or HA remnants negative. There were 49 cases in remnants positive group, 11 cases in negative group, 

respectively. The HA remnants positive detection rate is 81.3%. The basic characteristics that included GA, birth weight 

(BW), gender, labor presentation (LP) and the co-existence with ROP between remnants positive and negative groups 

were presented in Table 1. 
Table 1 Comparison of baseline characteristics between HA remnants positive and negative groups 

HA remnants�
Parameters�

Positive� Negative�

Number of cases, n (%)� 49 (81.7)� 11 (18.3)�

Gestational age, wk� 30.69±0.04� 31.91±0.11�

Birth weight, g� 1.38±0.04� 1.61±0.15�

Gender�   
 M� 27� 6�

 F� 22� 5�

Labor presentation�   
 Cesarean section� 35� 10�

 Natural labor� 14� 1�

ROP�   
 Positive� 3� 1�

 Negative� 46� 10�

HA: Hyaloid artery; ROP: Retinopathy of prematurity; Values are represented as mean±standard error of mean or numbers (n). 

 

There were significantly different in GA and BW between the two groups, respectively (Figure 1; P<0.05). The positive 

detection rate of HA remnants is correlated with the GA and BW: younger or lower weight premature infants will have 
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higher detection rate. 

 

Figure 1 Comparison of birth weight and gestational age between HA remnants positive and negative groups  A: The 

differences of birth weight between the HA remnants positive and negative group; B: The differences of gestational age between the 

HA remnants positive and negative group. 

 

The forest plot of other confounding variables (gender, LP and co-existence with ROP) associated with the detection 

rate of HA remnants was presented in Figure 2. It shows that the investigated factors such as gender, LP, and 

co-existence with ROP had no significant association with the detection rate of HA remnants. 

 

Figure 2 The forest plot of factors associated with the detection rate of HA remnants  HA: Hyaloid artery; ROP: Retinopathy 

of prematurity. 

 

About the follow up, many of the premature infants could not be followed because of many reasons, but still 14 cases 

were followed until the hyaloid remnants had completely disappeared. In those cases, the range of gestational age was 

27-34wk, and the range of disappearing time of hyaloid artery remnants was 37-43wk. Since the infants were not seen 

frequently, usually at intervals of about one month or more, so the recorded time of disappearance may have been 

over-estimated in some cases. 

DISSCUSSION 

HA could regress spontaneously during the development of embryo eye. Human embryology shows that HA extend 

from optic disc to the embryo lens via the primitive vitreous at 5wk of gestation period, begin to regress at 12wk, and 

completely disappear after 8-9mo[12]. Some vivo ultrasound studies show HA could be detected around 16wk, and the 

regression of HA could be started at 18wk, and disappear completely after 29wk[13-15]. Our observation results show that 

81.7% premature infants could be detected with HA remnants. This percentage is a little lower than Jones study, which 

showed the percentage was 95%[1]. The different results may be due to the different time of the first examination. In 

Jones study, eyes were first examined when the infants were 1-2wk. However, the first screening time in our study was 

2-4wk that is later than Jones study, and some HA remnants had spontaneously regressed during this gap period. Our 

study also indicated that the detection rate of HA remnants in preterm infants was related to the GA and BW, but gender, 

LP, and co-existence with ROP had no significant association with the detection rate of HA remnants. Younger or lower 

weight premature infants will have higher detection rate of HA remnants. From the follow-up cases, the range of 

disappearing time of HA remnants was 37-44wk of corrected GA. The disappearing time of we found is similar with 
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Jones reported, but is later than the ultrasound studies. We speculated that there have some reasons attributed to the 

differences: 1) After delivery, the effects of rescue and treatment interventions on the growth and development of 

premature infants are not as good as the physiological environment in utero, which will also affect intraocular 

microenvironment. Thus, the spontaneous regression of HA is also been delayed; 2) The sensitivity and specificity 

between the different study methods such as using ultrasound or ophthalmoscope for examinations are differences.  

The mechanism of spontaneous regression of HA is not yet clear. There is a reciprocal relationship between the 

regression of the hyaloid system and the development of the retinal vasculature. The hyaloid artery itself does not 

regress completely until the middle of the eighth month of gestation, at the time the retinal vasculature is almost fully 

developed[16]. Studies have shown that VEGF plays an important regulatory role in HA regression, and the decrease of 

VEGF in eyes can promote HA regression[3,17]. As a severe ocular disease of premature infants, ROP has been shown to 

increase the level of plasma and intraocular VEGF in premature infants[18-20]. It is speculated that the high level of 

VEGF associated with ROP may affect the process of HA regression. However, our study indicated that if whether or 

not co-existence with ROP had no significant association with the detection rate of HA. The ROP may not be the cause 

of affecting the regression of HA, but it may be have some intrinsic relationship which need further study.  

In conclusion, the HA remnants in preterm infants are most likely to be physiological residues. When the corrected GA 

extends over 43wk, if the HA remnants don’t regress, there is a possibility of pathological changes, and appropriate 

interventions should be selected according to the severity of the lesions[21]. 
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Abstract 
AIM: To evaluate the one-year outcome of intravitreal conbercept injections for the treatment of choroidal 
neovascularization secondary to pathological myopia (pm-CNV) by optical coherence tomography angiography 
(OCTA). 

METHODS: The medical records of 26 consecutive eyes of 23 patients who received intravitreal injections of 
conbercept for pm-CNV with a follow-up of one year were retrospectively reviewed. All the patients were diagnosed 
by fundus fluorescein angiography (FFA) and OCTA at the first visit. All approaches were performed as “1+PRN” 
treatment. Outcomes included best-corrected visual acuity (BCVA), central foveal thickness (CFT) and the mean 
CNV area by OCTA. 

RESULTS: Mean Logarithm BCVA improved from (0.66±0.51) at baseline to (0.39±0.38) at one year (t=3.528, 
P=0.004). The CFT before treatment and after one year after were 275.08±48.74) μm and (205.15±43.74) μm 
respectively (t=4.630, P=0.001). The mean pm-CNV areas before treatment and after one year treatment were 
(0.48±0.24) mm2 and (0.15±0.11) mm2 respectively, with a significant difference among them (t=5.329, 
P=0.000). Twenty-one eyes had no needs after the first treatment. Four eyes received 2 injections and only one 
eye received 3 injections. No severe adverse events were noted relevant to the therapy. 

CONCLUSION: Intravitreal conbercept can improve the vision and relieve CFT and CNV area for the treatment of 
pm-CNV with “1+PRN” by OCTA for one year, however, long-term follow-up still need to be performed.  

KEYWORDS: choroidal neovascularization secondary to pathological myopia; Conbercept; optical coherence 
tomography angiography; curative effect 
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INTRODUCTION 

Myopia is a global public health issue. It is estimated that 28.5% of men and 27.3% of women are myopia in the 
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world[1]. In Asia, the situation is even worse. There are nearly 400 million myopic patients in China alone, and the 

prevalence of myopia in adolescents is as high as 90%[2]. A previous study stated that the population with myopia will 

be approximately 5 billion in 2050[3]. 

Myopic choroidal neovascularization (CNV) is a common cause of vision loss in patients with pathological myopia[4]. 

Myopic CNV is more common in young people, whose chorioretinal complexes is thinner and more likely to be Asian[5]. 

Myopic CNV brings heavy burdens to families and society. Intravitreal anti-vascular endothelial growth factor 

(anti-VEGF) therapy is the “gold standard treatment” for myopic CNV[6]. Intravitreal anti-VEGF brings new and 

effective treatment ways to treat myopic CNV[7]. There are 3 clinically available anti-VEGF agents in western countries, 

including ranibizumab (LucentisTM; Genentech, Inc., South San Francisco, CA, USA, and Novartis Pharma AG, Basel, 

Switzerland), aflibercept (VEGF-Trap Eye, EyleaTM; Regeneron Pharmaceuticals, Inc., and Bayer Pharma AG, Berlin, 

Germany) and bevacizumab (AvastinTM; Genentech, San Francisco, CA, USA). Conbercept (KH902; Chengdu 

Kanghong Biotech Co. Ltd., Sichuan, China) is a new recombinant fusion protein, and it consists of the extracellular 

domain 2 of VEGF receptor 1 and extracellular domains 3 and 4 of VEGF receptor 2 fused to the Fc portion of human 

immunoglobulin G1, which has high affinity for all VEGF isoforms and placental growth factors (PlGF)[8]. Both 

intravitreal ranibizumab and intravitreal bevacizumab can significantly improve best-corrected visual acuity (BCVA) of 

eyes with myopia CNV[9]. Two large, multi-center, double-masked, randomized, controlled clinical trials, i.e., the 

RADIANCE (Ranibizumab And PDT evAluation iN myopic Choroidal nEovascularization) study and the MYRROR 

(Intravitreal Aflibercept Injection in Patients with Myopic Choroidal Neovascularization) study, have reported 

beneficial effects of treatment[10-11]. The optical coherence tomography angiography (OCTA) seems to be a high 

sensitive way for the detection of myopic CNV[12], and to monitor vascular changes after anti-VEGF treatment[13]. In 

this study, we attempted to evaluate the one-year outcomes of patients with CNV secondary to pathologic myopia by 

treating with intravitreal conbercept by OCTA. 

SUBJECTS AND METHODS 

Ethical Approval  This study was approved by the hospital’s Institutional Review Board. Informed consent was 

obtained from subjects. 

We retrospectively reviewed 26 eyes consecutive medical records with CNV secondary to pathologic myopia which 

were treated with intravitreal conbercept and were followed for one year in 23 patients. All approaches were known as 

“1+pro re nata (1+PRN)” treatment regimens, namely, one intravitreal injection of conbercept at the baseline followed 

by as-needed reinjection. All patients were informed of the possible adverse effects. All the myopic CNV were 

diagnosed by fundus fluorescein angiography (FFA) and OCTA. The inclusion criteria were as follows: high myopia 

with a spherical equivalent of -8.00 diopters or more and an axial length of at least 26.0 mm, active subfoveal CNV, 

treatment only with intravitreal conbercept and follow-up of at least 12mo. Exclusion criteria were as follows: CNV 

secondary to causes other than myopic CNV (including age-related macular degeneration (AMD), angioid streaks, 

choroiditis, or trauma), any chorioretinopathy other than pathologic myopia (including central serous chorioretinopathy, 

diabetic retinopathy, retinal vein occlusion, vasculitis, or uveitis), other coexisting conditions associated with myopia 

needing surgical treatments (i.e., macular hole and retinal detachment). 

The first treatment for each eye was performed between Jan 2018 and July 2018. At baseline, each eye underwent a 

comprehensive ophthalmologic examination that included as follows: slit-lamp biomicroscopy, measurement of BCVA 

and intraocular pressure (IOP), dilated fundus examination, FFA, and OCTA. FFA was used to evaluate the location, 

composition, and activity of the CNV lesion, whereas OCTA was used to confirm the presence of CNV and measure 

central foveal thickness. All of the results were checked by the same doctor. 

To prevent infection, levofloxacin eye drops were used 2d before treatment four times one day. After obtaining written 

consent, we performed the procedures with surface anesthesia. All the eyes received intravitreal injections of conbercept 

(0.05 mL/0.5 mg) under sterile conditions initially through the pars plana using a 30-gauge needle. And additional 

injections of conbercept which were administered as needed were determined based on OCTA findings. 

We followed all eyes 1d after the injection(s) to determine if there were complications and then 1, 2, 3, 6, and 12mo. 

The patients were informed to review if there were any loss of vision. At each follow-up, every patient underwent 

examinations, including measurements of BCVA and IOP, slit-lamp biomicroscopy, dilated fundus examination, and 

OCTA. FFA was performed as required. We recorded the patient demographics and the results of examinations at 

baseline and each visit. The outcomes of the study included BCVA, CFT, CNV areas and the total number of injections. 
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BCVA was measured using Snellen charts, and the measurements were converted into the logarithm of the minimum 

angle of resolution (LogMAR) for data analysis. We used SPSS statistics 17.0 software for statistical analysis. A paired 

samples test P value of <0.05 was regarded as statistically significant. 

RESULTS 

All patients were Chinese. Twenty-six eyes of 23 patients (16 females and 7 males, mean age at baseline 45.84±13.78 

years old, range 23-65y) were included in the analysis. The mean spherical equivalent refractive error was -12.64±3.54 

diopters (range -8.50 to -20.00). The mean axial length of 27.56±3.11 (range: 26.55-31.33) mm (Table 1). 
Table 1 Characteristics of the study                n=23 

Parameters� Patients�

Eyes (single/both)� 26 (23/3)�
Age (y)� 45.84±13.78�
Sex (F/M)� 16/7�
Refractive error (D)� -12.64±3.54�
Axial length (mm)� 27.56±3.11�

 

The mean BCVA at baseline was 0.66±0.51. It improved significantly to 0.38±0.29 at 1mo (t=5.347, P=0.000), 

0.32±0.38 at 2mo (t=4.961, P=0.000), 0.31±0.34 at 3mo (t=4.175, P=0.001), 0.32±0.36 at 6mo (t=4.131, P=0.001), 

0.39±0.38 at 1y (t=3.528, P=0.004). The CFT at baseline was 275.08±48.74 μm. It decreased significantly to 

220.54±45.06 μm at 1mo (t=7.622, P=0.000), 210.08±43.14 μm at 2mo (t=8.364, P=0.000), 204.15±38.71 μm at 3mo 

(t=7.393, P=0.000), 203.15±37.52 μm at 6mo (t=7.773, P=0.000), 205.15±43.74 μm at 1y (t=4.630, P=0.001). The 

pm-CNV area at baseline was (0.48±0.24) mm2, it decreased significantly to (0.22±0.12) mm2 at 1mo (t=4.141, 

P=0.001), (0.17±0.14) mm2 at 2mo (t=5.814, P=0.000), (0.15±0.12) mm2 at 3mo (t=4.557, P=0.001), (0.14±0.11) mm2 

at 6mo (t=5.173, P=0.000), (0.15±0.11) mm2 at 12mo (t=5.329, P=0.000; Figure 1). 

 

Figure 1 The changes before treatment and follow-up by conbercopt. 

 

Our retrospective study included 26 eyes with active pm-CNV treated with at least 1 injection of conbercept. 

Twenty-one eyes had no need after the first treatment. Four eyes received 2 injections and only one eye received 3 

injections. Similar to other anti-VEGF drugs, only conjunctival haemorrhage caused by the intravitreal injections 

procedure were observed. After about 15d conjunctival haemorrhage gradually absorbed without treatment. 

DISCUSSION 

VEGF, an angiogenic and vasopermeability factor, has been implicated in the pathogenesis of CNV, and myopic CNV 

lesions are associated with increased levels of VEGF[14-15]. Raised levels of VEGF may induce proliferation of choroidal 

vascular endothelial cells, resulting in the development of CNV[16]. Researchers have shown that anti-VEGF drugs are 

effective in reducing retinal thickness and improving visual acuity[17]. Anti-VEGF drugs have been developed to reduce 

the angiogenic activity of upregulated VEGF, which is detected in eyes with CNV[7]. Owing to its affordability and its 

efficiency in controlling CNV leakage, conbercept is widely used to treat fresh mCNV[18]. Conbercept is approved to 

treat neovascularization age-related macular degeneration, diabetic macular edema and myopic CNV by the China State 

Food and Drug Administration since January 1, 2020. It has not been marketed in other countries. The preclinical 

studies have shown that conbercept has a longer half-life and a stronger binding affinity to VEGF-A and it has 

advantages over ranibizumab and bevacizumab[19]. 

OCTA is a novel, noninvasive imaging technique that allows visualization of the retinal microvasculature. The OCTA 

can be a valuable tool in detecting myopic CNV[12]. Compared with FFA and structural SD-OCT B-scan, OCTA does 

not provide information on leakage of the dye[20]. So, in our study, all the myopic CNV eyes were diagnosed by FFA 

and OCTA at the first visit. CFT and CNV area were observed with OCTA in the follow-up. Study of OCTA showed a 
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statistically significant reduction of the CNV area after anti-VEGF treatment[13]. In our study, the myopic CNV area 

also significant reduced at 12mo follow-up by treating with conbercept.  

Sun et al[21] reported a case of macular hole formation and retinal detachment after intravitreal conbercept injection for 

the treatment of CNV secondary to degenerative myopia. In our study, no complications were caused by conbercept 

itself, only conjunctival haemorrhage was caused by intravitreal injections, and about 15d laster, conjunctival 

haemorrhage was gradually absorbed. 

Yan et al[22] reported that intravitreal conbercept with “3+PRN” for treating myopic CNV was an effective treatment. 

71.4% of eyes gained a BCVA improvement of at least 3-line, and the central retinal thickness decreased in the one year 

followed up. Moreover, for the study of concercept, only the visual acuity and CFT were examined, but the area of 

CNV was not examined. In our study, we measure the area of CNV, so that the CNV can be better assessed. The 

SMILE study suggests that eyes treated with 1+prn ranibizumab for myopic CNV do just as good as those treated with a 

3-monthly in function and anatomy over 12mo[9]. 

In our study, twenty-one eyes had no needs after the first treatment. Four eyes received 2 injections and only one eye 

received 3 injections with the “1+PRN” treatment regimens. The results show that most of the pm-CNV patients can 

improve their vision after one treatment by intravitreal conbercept. Recurrence of CNV is usually observed within the 

first year after onset[10]. We’ve only been studied for a year, and we need to continue to observe if there are recurrences. 

In conclusion, all results in our study indicated that intravitreal conbercept with “1+PRN” treatment protocol may be an 

effective and safe in resolving pm-CNV over a period of one year by OCTA. In addition, in the first visit, FFA and 

OCTA are used for diagnosis. In the follow-ups, the examinations by OCTA can save time and cost for patients. 

Nevertheless, potential limitations should be mentioned in the present study. First, the small sample size, only 12mo 

follow-up periods and retrospectively designed study are the drawbacks. The prospective study with large number of 

subjects and long term follow-up is required in the future. Second, different age groups may have different sensitivity to 

conbercept, so age group analysis is needed. Third, the present studies are only for Chinese, other human races are 

needed for conbercept in the future[23]. 
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Abstract  
AIM: To explore the effect of eccentricity of overnight orthokeratology (OK) lenses on 2-year eye axial growth and 
visual quality. 

METHODS: Based on the degree of eccentricity of OK lenses, patients were divided into three groups: a low 
degree of eccentricity group (degree of eccentricity ≤0.5 mm), a group of moderate eccentricity (eccentric degree 
>0.5-1.0 mm) and a group with a high degree of eccentricity (eccentric degree >1-1.5 mm). The degree of 
eccentricity of the OK lens, spherical equivalent (SE), the uncorrected visual acuity (UCVA) after wearing OK lenses, 
axial length (AL) before and after wearing OK lenses, total higher-order aberrations (HOA), comas, and spherical 
aberrations (SA) for 3 mm pupils were analyzed. The difference among the three groups for all parameters was 
compared using the Kruskal-Wallis H Rank-Sum test. 

RESULTS: The study retrospectively analyzed 75 cases (139 eyes). In the low eccentricity group (53 eyes), the 
mean age was 11.4±2.4y, SE was -3.24±1.48 D, and AL was 24.85±1.01 mm. In the moderate eccentricity group 
(53 eyes), the mean age was 11.4±2.2y, SE was -3.22±1.29 D, and AL was 25.15±0.92 mm. In the high 
eccentricity group (31 eyes), the mean age was 11.5±1.9y, SE was -3.54±1.43 D, and AL was 24.95±0.84mm. 
After two years, there was no significant difference in the changes of the axis among the three groups (P=0.089). 
The HOA, SA, and coma in the high eccentric group were significantly higher than in the middle eccentric group 
(P<0.05). The HOA, SA, and coma in the high eccentric group were also significantly higher than those in the low 
eccentric group (P<0.05). 

CONCLUSION: For OK lenses, it is unnecessary to strictly require the absolute centralization of the lens position. 
An unnecessary change of the lenses may delay the eye-axis control. However, the balance between axial control 
and visual quality should be assessed. 

KEYWORDS: orthokeratology lens; eccentricity of the lens; axial eye length; higher-order aberrations; spherical 
aberration; coma 
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INTRODUCTION 

The orthokeratology (OK) lens is a rigid contact lens used for remodeling the reverse geometry of the corneal shape. 

The OK lens can not only flatten the cornea of the central region but also steepen the peripheral cornea. The results in 
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the generation of a myopic defocus effect of the retina, and the eye-axis growth of the myopia patient can be effectively 

controlled. However, a good fit of the OK lens, in particular for the optical area and the eccentric condition of the OK 

lens, affects the control effect of myopia. The eccentricity of the OK lens profoundly affects the visual quality, resulting 

in a decrease in the contrast sensitivity and an increase in the higher-order aberrations (HOA). 

In the clinic, it is challenging to center the OK lens entirely. The eccentric wearing of OK lenses is, therefore, inevitable. 

In addition, eccentric wear will affect the visual quality, although in the clinic it is found that not every child who wears 

eccentrically has visual discomfort. Therefore, it should be explored how eccentric wearing of OK lenses affects the 

growth of the eye axis and the visual quality. We assessed the influence of different degrees of centricity of the OK lens 

on the eye-axis growth through a retrospective analysis to provide a basis for the clinical fitting of OK lenses. 

SUBJECTS AND METHODS 

Ethical Approval  This study was performed following the ethical principles of the Declaration of Helsinki and was 

approved by the Second Affiliated Hospital of Fujian Traditional Chinese Medical University’s Ethics Committee. All 

patients provided written informed consent after receiving a full explanation of the study. 

Subjects  This study included patients who were treated with OK lenses for two years at the Department of 

Ophthalmology of the Second People's Hospital of Fujian University of Traditional Chinese Medicine between 

2015-2019. Based on the degree of eccentricity of the OK lens, patients were divided into three groups: a low degree of 

eccentricity group (degree of eccentricity ≤0.5 mm) including 53 eyes; a group of moderate eccentricity (eccentric 

degree >0.5-1.0 mm) including 55 eyes; and a group of 31 eyes with a high degree of eccentricity (eccentric degree 

>1-1.5 mm). 

Measurements  All patients underwent a complete ophthalmologic measurement. The spherical equivalent (SE) was 

measured by a computer optometry instrument (Japan, TOPCON, KR-800) after using cycloplegic drops. In this 

procedure, the subject looked at the inside pattern of the instrument, relaxed, and reduced frequent blinking. The 

inspector held the positioning rod to the image point to focus most clearly and pressed the measuring button to measure. 

Eye axial length (AL) measurements included the AL1 (the AL before wearing OK lens) and AL2 (the AL after 

wearing OK lens). It was measured using the IOL-Master instrument (Germany, ZEISS), and three data points were 

obtained for each measurement, and the average value was used for analysis. The degree of eccentricity of the OK lens 

was obtained using the corneal topography (the corneal front surface section) (Italy, CSO SIRIUS), the distance 

between the center of corneal and the center of circle shaped by the lens was measured. Total HOA, spherical 

aberrations (SA), and comas for 3 mm pupils were obtained using the corneal topography (the anterior segment analysis 

system of the SIRIUS; Italy, CSO SIRIUS). The uncorrected visual acuity (UCVA) after wearing OK lenses was 

assessed using a standard logarithmic visual acuity chart (GB11533-2011 of national standards), we recorded Decimal 

counting according to the formula: logMAR=lg (1/Decimal counting) to convert values to logMAR (Figures 1 and 2). 

 

Figure 1 The degree of eccentricity of the OK lenses. 
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Figure 2 Total higher-order aberrations (HOA), spherical aberrations (SA), and comas for 3 mm pupils. 

 

Orthokeratology Lens Parameters  In this study, the OK lens used was the Euclid Systems OK Contact Lenses for 

overnight wear (Euclid Systems Corporation, USA). The total diameter of these lenses is 10.2-11.2 mm, the center 

thickness is 0.22±0.02 mm, and the oxygen permeability coefficient is 127 DK. The diameter of the optical region of 

the lens is 6.0-6.2 mm, the width of the inverted arc is 0.5 mm, and the suitable arc width is 1.2 mm. 

Statistical Analysis  Statistical analysis was performed using SPSS for Windows software (version 21, SPSS Inc., 

USA). The difference among the three groups for all parameters was compared using the Kruskal-Wallis H Rank-Sum 

test. The level of the test used was α=0.05, when P<0.05, the difference was considered statistically significant. 

RESULTS 

We retrospectively analyzed 75 cases (139 eyes). In the low eccentricity group (53 eyes), the mean age was 11.4±2.4 

(6-18)y, SE was -3.24±1.48 (-1.00 to -6.75) D, and AL was 24.85±1.01 (22.62-27.41) mm. In the moderate eccentricity 

group (53 eyes), the mean age was 11.4±2.2 (6-16) y, SE was -3.22±1.29 (-1.00 to -6.75) D, and AL was 25.15±0.92 

(22.70-27.32) mm. In the high eccentricity group (31 eyes), the mean age was 11.5±1.9 (8-16) y, SE was -3.54±1.43 

(-1.50 to -6.00) D, and AL was 24.95±0.84 (23.00-26.18) mm. Table 1 presents the age, SE, and AL before wearing OK 

lenses in the three groups, and there were no significant differences in these characteristics among the three groups. 
Table 1 Age, SE, and AL1 before wearing OK lens in the three groups                             mean (range) 

Parameters� Low eccentricity group� Moderate eccentricity group� High eccentricity group� P�

Eyes� 53� 55� 31�  
Age (y)� 11.4 (6 to 18)� 11.4 (6 to 16)� 11.5 (8 to 16)� 0.286�

SE (D)� -3.24 (-1.00 to -6.75)� -3.22 (-1.00 to -6.75)� -3.54 (-1.50 to -6.00)� 0.447�

AL1 (mm)� 24.85 (22.62 to 27.41)� 25.15 (22.70 to 27.32)� 24.95 (23.00 to 26.18)� 0.191�

SE: Spherical equivalent; AL: Eye axial length. 

 

The UCVA, AL2, and the change of AL before and after wearing the OK lenses, as well as the visual quality (HOA, SA, 

and coma) of the three groups are reported in Table 2. The mean UCVA in the low eccentricity group was logMAR 

0.06±0.21 (-0.18 to 1.40). In the moderate eccentricity group, the UCVA was logMAR 0.05±0.21 (-0.18 to 1.40), and in 

the high eccentricity group this was logMAR 0.03±0.11 (-0.08 to 0.52). There were no significant differences in the 

UCVA among the three groups (P=0.567). The mean increase in AL in the low eccentricity group was 0.40±0.33 

(0.00-1.31) mm, in the moderate eccentricity group this was 0.29±0.27 (0.00-1.01) mm, and in the high eccentricity 

group it was 0.25±0.21 (0.00-0.73) mm. There were no significant differences in the changes in AL among the three 

groups (P=0.089). 
Table 2 The UCVA, AL2, changes of AL, HOA, SA, and coma in the three groups                         mean±SD 

Parameters� Low eccentricity group� Moderate eccentricity group� High eccentricity group�

UCVA (logMAR)� 0.06±0.21 (-0.18 to 1.40)� 0.05±0.21 (-0.18 to1.40)� 0.03±0.12 (-0.08 to 0.52)�

AL2 (mm)� 25.26±1.02 (22.87 to 27.65)� 25.44±0.91 (23.13 to 27.63)� 25.20±0.79 (23.28 to 26.28)�

changes of AL (mm)� 0.40±0.33 (0.00 to 1.31)� 0.29±0.27 (0.00 to 1.01)� 0.25±0.21 (0.00 to 0.73)�
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HOA (μm)� 0.15±0.08 (0.05 to 0.51)� 0.17±0.09 (0.06 to 0.67)b� 0.44±0.37 (0.11 to 1.49)a�

SA (μm)� 0.04±0.03 (0.00 to 0.14)� 0.05±0.06 (0.01 to 0.39)b� 0.10±0.09 (0.01 to 0.32)a�

Coma (μm)� 0.08±0.07 (0.02 to 0.45)� 0.11±0.15 (0.01 to 0.96)b� 0.26±0.26 (0.02 to 0.96)a�

UCVA: Uncorrected visual acuity; HOA: Total higher-order aberrations; SA: Spherical aberrations; Compared with the low 

eccentricity group, aP<0.05; compared with the moderate eccentricity group, bP<0.05. 

 

The mean HOA in the low eccentricity group was 0.15±0.08 (0.05-0.51) mm, which was 0.17±0.09 (0.06-0.67) mm in 

the moderate eccentricity group, and 0.44±0.37 (0.11-1.49) mm in the high eccentricity group. The mean SA in the low 

eccentricity group was 0.04±0.03 (0.00-0.14) mm, 0.05±0.06 (0.01-0.39) mm in the moderate eccentricity group, and 

10±0.09 (0.01-0.32) mm in the high eccentricity group. The mean coma in the low eccentricity group was 0.08±0.07 

(0.02-0.45) mm, 0.11±0.15 (0.01-0.96) mm in the moderate eccentricity group, and 0.26±0.26 (0.02-0.96) mm in the 

high eccentricity group. The HOA, SA, and coma in the high eccentricity group were significantly higher than those in 

the moderate eccentricity group (P<0.05) and the low eccentricity group (P<0.05). 

DISCUSSION 

Wearing OK lenses is an effective method to control the development of myopia[1-3]. But the fitting of corneal plastic 

lenses affects the wearer’s control of myopia, especially the eccentricity of corneal plastic lenses[4-5]. In this study, the 

grading of eccentricity was determined based on previous studies[6]. The diameter of the basal arc of the corneal plastic 

mirror is 6 mm, which is large enough to ensure the reverse curve area (a curve of the OK lens) does not enter the pupil 

area when the eccentricity range is between 1.0 and 1.5. This prevents poor visual effects for the wearer, such as double 

vision, glare, and poor UCVA. 

A study showed that the annual axial growth of children around the age of 10 was 0.39 mm when wearing regular 

frameworks and 0.26 mm in those wearing OK lenses. There was a significant difference between these two groups[7]. 

The increase in AL of the group wearing OK lenses was significantly less than that in the group wearing ordinary frame 

glasses group after 6 and 12mo[8]. We retrospectively analyzed the eye axis changes after two years of wearing OK 

lenses, and found that the eye axis growth value of the low-grade eccentricity group was approximately 0.40 mm and 

the average annual growth value was 0.20 mm, which was close to that found in other studies. Wang et al[9] found that 

the decentering of OK lenses can significantly delay the development of myopia more effectively than centric lenses. 

Studies indicated that the AL growth rate is significantly associated with post-treatment relative peripheral refractive 

power[10]. Yang et al[11] also found that the probability of having a successful myopia progression control is related to 

the amplitude of modulation of the peripheral refractive power over the 360 degrees of the peripheral corneal zone. In 

this study, based on the degree of eccentricity, changes of the axial axis in three groups were compared. We found that 

the higher the degree of eccentricity was, the less AL increased, but there was no significant difference in the changes 

of AL between the three groups with varying degrees of eccentricity. This is in contrast to findings by Wang and 

Yang[9]. One explanation for the difference in results is that our study had three groups that may have impacted the 

comparison. 

Other studies have suggested that overnight wearing of OK lenses can induce significant changes in optical quality[12-14]. 

Sun et al[15] observed that the SA significantly increased in the first month (0.012 to 0.055) mm, the coma aberration 

significantly increased after 3mo (0.047-0.117) mm, and the HOA decreased in the first month (0.109-0.209). We found 

that the HOA, SA, and coma increased with a higher eccentricity of the OK lens. The HOA, SA, and coma of the high 

eccentricity group were significantly higher than those of the low and moderate eccentricity groups. Xia et al[16] 

measured changes in visual performances and visual quality during the first month of wearing OK lenses in children 

with myopia and discovered that corneal optical quality decreased steadily during the first month of lens wearing, but 

the visual acuity remained satisfactory. In our study, the UCVA of the three groups was not significantly different in the 

three groups. This indicates that UCVA, after wearing OK lenses, might not be associated with visual quality (HOA, 

SA, and coma). 

Several studies have reported that OK lenses can increase the root-mean-square of HOA, especially the SA and coma 

aberration[17-19]. The increase in SA is mainly attributed to the non-physiological oblate cornea after wearing the lenses, 

and the increase in coma aberration reflects contact lenses decentering[20]. However, few reports have assessed the 

relationship between eccentricity and visual qualities. We discovered that high eccentricity slightly decreases the visual 

qualities. Therefore, to obtain better visual quality, the lens should be centered. 
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In the past, many clinicians assumed that the more correct the position of the corneal plastic lens is, the better the visual 

acuity, visual quality, and AL is. However, our study showed that this is not the case. Other studies have shown that in 

most cases, the amount of lens decentering is moderate and acceptable[21]. It will be essential to assess how to balance 

the AL control and the best visual quality. Our study had some limitations. First, in our study, the wearer was not tested 

with Ocular Surface Disease Index (OSDI) subjective visual quality scale after wearing OK lenses. It would be 

interesting to determine the relationship between the OSDI subjective visual quality scale and vision quality. Second, 

our sample size is limited. The balance between axial control and visual quality requires further research and discussion. 

For wearing OK lenses, it is not necessary to strictly require the absolute centralization of the lens position. An 

unnecessary change of the lens may delay eye-axis control. The balance between axial control and visual quality should 

be assessed[22]. 
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Abstract 
Age-related macular degeneration (AMD) is a major clinical blind-inducing eye disease, and its pathogenesis is 
closely related to the autophagy of RPE cells and the signaling pathway of nuclear factor erythroid-2 related factor 
2 (Nrf2). Autophagy is one of the common and important physiological phenomena in human body, which is of 
vital significance for maintaining the stability and metabolism of cells. Nrf2 is a key transcription factor regulating 
cells to fight against foreign bodies and oxidative damage, and Nrf2 signaling pathway plays a wide range of cell 
protective functions in anti-tumor, anti-stress and other aspects. With the development of research, it is found that 
there are extensive interaction mechanisms between autophagy and Nrf2 signaling pathway. Inhibition of 
autophagy leads to accumulation of p62, which activates the Nrf2 signaling pathway by binding with Keap1 
(kelch-like ech-associated protein1). At the same time, studies have also found that reactive oxygen species (ROS) 
and other factors also participate in the mutual regulation between autophagy and Nrf2.This paper will review the 
recent research progress on the interaction between Nrf2 signaling pathway and autophagy in the development of 
AMD. Hope to provide a new perspective for the treatment of AMD. 
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INTRODUCTION 

Age-related macular degeneration (AMD) is a major clinical blinding eye disease, affecting 30 million to 50 million 

AMD patients worldwide, including over 5 million in China, and its prevalence rate is increasing year by year with an 

aging population[1-2]. AMD is divided into atrophic (dry) and exudative (wet) types clinically. The dry type of AMD is 

the most common type clinically, with a prevalence rate of 85%-90%, and its pathological signs include glass 

membrane warts (drusen) deposition, retinal pigment epithelium (retinal pigment epithelium, RPE) degeneration and 

geographic atrophy (geographic atro-phy, GA); Although dry AMD progresses slowly, it can still progress to wet AMD, 

causing irreversible visual impairment, and there is no recognized treatment drugs, so it is still a difficult problem in 

ophthalmology to explore the pathogenesis of dry AMD and find a therapeutic method that is reasonable and economic. 

In recent years, it has been found that the reduction of autophagy function of RPE cells plays a crucial role in the 

pathogenesis of dry AMD. Autophagy is closely related to Nrf2 signaling pathway, and its central molecule is ubiquitin 

binding protein P62, which is expected to become a new target for drug control of dry AMD[3-4]. 
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Lack of Autophagy in RPE Cells is an Important Part of the Pathogenesis of Dry AMD  The pathogenesis of dry 

AMD has been a focus of attention in the field of ophthalmology. Oxidative stress, hemodynamics, inflammatory 

immunology and genetic inheritance have been studied for many years, and each mechanism has been proved to be 

highly correlated with the occurrence and development of dry AMD, suggesting that dry AMD is a chronic 

degenerative disease mediated by multiple factors. In recent years, studies on the correlation between autophagy in RPE 

cells and the pathogenesis of dry AMD have drawn wide attention[5]. 

Autophagy is an important cell homeostasis process that ensures the physiological turnover of senile and damaged 

organelles. It plays an important role in maintaining the body’s metabolism, which can update peroxides, longevity 

proteins and mitochondria, remove damaged organelles and metabolites in the cytoplasm, reconstruct sub-cellular level, 

and protect damaged cells[6]. 

RPE cells have a typical autophagy ability, which can constantly devour the detached retinal photoreceptor outer 

ganglion membrane disc, playing a role of “scavenger”. RPE cells absorb light and reduce light scattering, thus 

protecting tissues from oxidative damage, maintaining the visual cycle and providing nutrients. Decreased autophagy 

activity of RPE cells can lead to the accumulation of abnormal proteins and lipobrowcin in the eyes, triggering the 

production of reactive oxygen species (ROS) and protein aggregation, which can not only lead to the formation of dry 

AMD, but also activate inflammatory responses, accelerate cell aging, and further accelerate the process of dry AMD[7]. 

The specific process of autophagy is divided into four steps: autophagy induction/initiation; Nucleation of solitary 

membrane; Extended solitary membrane and closed (elongation and closure); Degradation. Each of these steps has its 

key regulatory proteins[8]. Among them, the initial stage requires the involvement of the unc51-like kinase (ULKl) 

complex, which is directly regulated by the autophagy central regulatory molecule mTOR. During the stress of hunger, 

mTOR activity is inhibited, thus initiating the first step of autophagy. When nutrients are sufficient, mTOR inhibits 

autophagy activity by inhibiting ULKl activity[9]. Solitary membrane nucleation stage refers to the aggregation and 

binding of the solitary membrane around the material to be degraded, at this stage the key regulatory proteins are spiral, 

membrane protrusions sympathetic BCL2 protein (coiled coil, moesin-like BCL2- Intel-acting protein, Beclin 1), Vsp34 

and Atgl4 protein complexes. Beclin-1-vsp34-atgl4 complex can also bind to a variety of autophagy related proteins 

during autophagy, transmitting autophagy signals and promoting autophagy[10]. Atgl2-atg5-atgl6 binding system is 

required to promote the prolongation and closure of autophagosome membrane during the prolongation and closure of 

solitary membrane[11]. The degradation stage relies on autophagosome and lysosomaln association and fusion to form 

autophagy lysosomes. After the autophagy substrate is degraded, it receives new lysosomal hydrolases, and eventually 

forms mature lysosomes to complete lysosomal regeneration[12]. Cathepsins (CTS) are important proteases in lysosomes. 

CTSA, B, D, E and S have been found in RPE cells. Studies have shown that ctsd-deficient mice exhibit retinal 

degenerative changes[13]. 

Under oxidative stress, autophagosomes produced more markers and changed the expression of LC3 and P62 in RPE 

cells[14]. P62, as the downstream degradation substrate of autophagy pathway, is identified and encapsulated after the 

formation of vesicles to form autophagy vesicles, which are then degraded by lysosomes and encapsulated[15]. P62 

mediates cell survival, apoptosis and autophagy through signal transduction, and can select autophagy receptors, which 

is very important for regulating autophagy effect[16-17]. In a word, reduced autophagy of RPE cells is not only a key link 

in the pathogenesis of dry AMD, but also a leading factor in accelerating the course of dry AMD. 

Correlation Between Nrf2 Signaling Pathway and Dry AMD  Oxidative stress plays an important role in the 

occurrence and development of dry AMD[10]. RPE has a set of endogenous antioxidant defense system, which is 

composed by a series of antioxidant genes, including SOD1, SOD2, Nrf2, catalase etc. Nrf2 belongs to the CNC 

alkaline leeucine zipper transcription activator family, and it is an important transcription factor regulating oxidative 

stress in vivo for self-protection. Nrf2 is expressed in almost all tissues, and Keapl protein is the main protein that 

affects the function of Nrf2. At rest, Nrf2 and its molecular partner (kelch-likeech-associated protein-1 (keap-1) were 

coupled to form a stable dimer that existed in the cytoplasm and was inactivated. Under the condition of oxidative stress, 

Nrf2 is activated after being separated from keap-1, dissociates from the dimer and undergoes nuclear metastasis, enters 

the nucleus and binds with the antioxidant response element (ARE), up-regulates hemo oxygenase 1 (ho-1) and P62 

protein. Thus, ROS clearance can enhance the antioxidant capacity of cells, which can reduce the damage caused by 

oxidative stress to cells, tissues and organs[18]. In addition to the generally accepted keap1-mediated regulation, some 

studies have also found that Nrf2 can also spontaneously respond to external signals, and non-keap1 relies on the 
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innervation of the nucleus to perform transcriptional functions[19]. 

Interaction Between Autophagy and Nrf2 Signaling Pathway 

P62 protein is the bridge connecting autophagy and Nrf2 signaling pathway  Studies have confirmed that Nrf2 

signaling pathway can reduce inflammatory response, improve mitochondrial function, stimulate autophagy, and reduce 

the pathophysiological level of dozens of chronic inflammatory diseases, which has certain value for the prevention and 

treatment of many common chronic diseases. Nrf2 is an important transcription factor that has an anti-oxidative stress 

function in cells. SQSTMl (sequesto-some 1), also known as p62, is an intracellular protein induced by stress and acts 

as a multifunctional protein for selective autophagy. P62 protein is the bridge between autophagy and Nrf2, and its KIR 

domain is similar to Nrf2's ETGE or DLG domain, When autophagy is inhibited, so is the degradation of p62, and p62 

is accumulated in large quantities. The accumulated p62 protein competitively binds to Nrf2 Keap1, causing Nrf2 to 

dissociate from Keap1, while inhibiting keap1-cul3-e3 ubiquitin ligase complex to cause Nrf2 to undergo ubiquitination 

degradation and activate Nrf2. The activated Nrf2 will promote the expression of p62, thus forming a positive feedback 

loop of antioxidant reaction[10]. In recent years, experiments have found that isodeoxydistantin can activate autophagy 

through nrf2-p62-keap1 positive feedback loop, and Nrf2 signaling pathway can also regulate autophagy. Autophagy 

regulates Nrf2 signaling pathway through p62-dependent regulation, which can affect the occurrence and development 

of a variety of diseases. In mice knocked out by Atg7(autophagy related 7), p62 accumulation was positively correlated 

with Nrf2 activation. Multiple studies have found that Keap1 inactivation mediated by p62 activates Nrf2, which can 

cause liver injury, liver fibrosis, and liver cancer[20]. In addition to its close relationship with liver related diseases, p62 

is also involved in other pathophysiological processes. For example, fenofibrate is a highly effective lipid-lowering drug. 

Studies have found that fenofibrate degrades Keap1 through p62-dependent autophagy, thus activating Nrf to remove 

reactive oxygen species[21]. P62 provides dual, mutually reinforcing protection for RPE cells from protein misfolding 

and aggregation caused by environmental stress by promoting autophagy and nrf2-mediated antioxidant response, 

which may be a potential therapeutic target for dry AMD[4]. 

The role of reactive oxygen species (ROS) in autophagy and Nrf2 signaling pathways  ROS is a general term for a 

class of active oxygen-containing compounds produced by aerobic metabolism, including superoxide anions, free 

radicals and peroxides. Studies have found that during starvation, ROS activates autophagy through the type III pi3k-m 

TOR signaling pathway, which is conducive to cell survival. At the same time, ROS induced oxidative stress activates 

Nrf2 through the PI3K signaling pathway to promote the elimination of the products of oxidative stress[22]. The effect of 

ROS on autophagy and Nrf2 signaling pathway is related to the development of various diseases. According to a study 

in human lung adenoma cells A549, ROS induced by low doses of alpha particle radiation promotes autophagy and the 

activation of Nrf2 signaling pathways, Nrf2 signaling pathways promote the resistance of radiation, and the Nrf2 

signaling pathways can be inhibited by removing ROS or inhibiting autophagy. It is speculated that ROS inducing 

autophagy and increasing Nrf2 signaling pathway is an influence factor of the resistance of radiation[23]. During ROS 

exposure, the Nrf2 signaling pathway and autophagy in pancreatic cancer cells are negatively regulated by each other, 

suggesting that the mechanism may be that autophagy inhibition not only activates the Nrf2 signaling pathway by 

increasing the accumulation of p62, but also activates the Nrf2 signaling pathway by excessive ROS[24]. 

Oxidative stress is involved in pigment disorders, intracellular lipofuscin accumulation, extracellular glass membrane 

wart formation and other processes[25], which plays an important role in the development of AMD. Oxidative stress 

includes electron leakage of mitochondrial electron transport chains and the formation of reactive oxygen species (ROS) 

such as hydroxyl radicals, superoxides and hydrogen peroxide[26]. The imbalance between the production and clearance 

of these ROS eventually leads to cell damage[27], and autophagy is a key factor to maintain this balance. Once the 

balance is broken, RPE cells will be damaged or even die. The autophagy ability decreases with the accumulation of 

lipofuscin, which can accelerate the production of ROS and protein aggregation. The accumulation of lipofuscin in 

lysosomes of RPE cells, the formation of extracellular glass vermicular and chronic inflammation can stimulate the 

active inflammation reaction, further damage RPE and accelerate the aging process[28]. Activated Nrf2 signaling 

pathway plays a therapeutic role in AMD by removing ROS[10]. In conclusion, it can be known that there is a complex 

regulatory mechanism between autophagy and Nrf2, and many molecular mechanisms are still unclear, so it is worth 

further exploring the relationship between them. 

CONCLUSION 

There is a wide connection between autophagy and Nrf2 signaling pathway, and in-depth study of the correlation plays 
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an important role in the pathological mechanism and clinical treatment of dry macular degeneration. P62, ROS and 

other factors may be important conditions involved in the mutual regulation of autophagy and Nrf2 signaling pathway 

of RPE cells in dry macular degeneration. This target can provide a new idea for the prevention and treatment of dry 

macular degeneration, but the relationship between Nrf2 signaling pathway and autophagy is complex, how to influence 

each other remains to be explored through more experiments, providing theoretical guidance for clinical application[29]. 
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Abstract 
AIM: To study the effects of blunt trauma of eye on visual acuity and retinal nerve fiber layer (RNFL). 

METHODS: A prospective observational study was done on the patients of a road traffic accident (RTA) having 
blunt trauma injury of the eye from august 2018 to July 2019 at the Department of Ophthalmology, Hind Institute 
of Medical Sciences, Barabanki. Patients between the age group of 20 to 65 years undergoing RTA with ocular 
complaints were included in this study. Colour vision, contrast sensitivity, and best-corrected visual acuity (BCVA) 
were recorded, RNFL analysis was done through OCT. 

RESULTS: A total of 108 patients were enrolled in this study and were grouped as 54 cases and 54 controls. The 
mean age was 43±2.3 years with 11 (20.37%) females and 43 (79.6%) males in the case group. At initial visit 
after RTA, the difference between color vision, contrast sensitivity and BCVA between right and left eyes of cases 
and controls were significant. After a follow up of 3mo only significant difference was noted in contrast sensitivity 
between cases and control groups. Change in color vision and BCVA after 3mo was insignificant. Similarly, an 
initial significant difference was noted in mean RNFL thickness between cases and control groups, but after follow 
up of 3mo mean RNFL thickness difference was significant only in superior and temporal quadrants. 

CONCLUSION: RTA or blunt trauma of eye can lead to persistent RNFL thinning and decreased visual function. 

KEYWORDS: road traffic accident; retinal nerve fiber; contrast sensitivity; best-corrected visual acuity 
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INTRODUCTION 

Blunt trauma of eye can lead to a severe loss of vision which can be permanent at times[1-2]. Blunt trauma of eye 

occurring in road traffic accident (RTA) may lead to the involvement of orbital walls, periorbital structures, extraocular 

muscles, eyelids, lacrimal apparatus, conjunctiva, cornea, sclera, and concussion injuries on the retina (Figure 1), optic 

nerve avulsion[3]. In some cases, there may be globe rupture[4-5], perforation, uveal tissue prolapse, vitreous 

haemorrhage, endophthalmitis[6], choroidal haemorrhage[7], and traumatic optic neuropathy (TON)[8-10]. TON is one of 

the most threatening complications of a RTA as it results in thinning of the nerve fiber layer of retina[11-14]. Thinning of 

the retinal nerve fiber layer can be accessed by optical coherence tomography (OCT). Spectral-domain optical 

coherence tomography (SD-OCT) is a quick, sensitive, non-invasive, device that provides very high-resolution images 

of retinal nerve fiber layer (RNFL)[15]. SD-OCT with an axial resolution of 5-7 µm provides clear imaging of RNFL 

thickness that helps in diagnosing and treating optic nerve disorders[16-18]. 
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Figure 1 Black eye. 

 

SUBJECTS AND METHODS 

Ethical Approval  This study was a prospective observational study performed at the Department of Ophthalmology, 

Hind Institute of Medical Sciences, Barabanki, Uttar Pradesh, India, from August 2018 to July 2019. Our study was 

performed as per the tenets of the Declaration of Helsinki and after being approved by the ethical board of the institute. 

Written informed consent was obtained from the patients. 

The sample size was taken as 108, 54 cases, and 54 controls. This study aimed to study clinical profile, visual functions 

[visual acuity, color vision (CV), contrast sensitivity (CS)], and RNFL thickness (by SD-OCT) of patients presenting 

with ocular complaints after RTAs, to a tertiary care referral center. The inclusion criteria comprised of all consenting 

adult patients (20-65 years) with visual complaints post-RTA. These patients had a normal systemic examination and 

were free from any disability restricting slit-lamp examination. We excluded patients with media opacity, rupture of the 

globe, a diagnosed case of glaucoma, pre-existing neurological illness (e.g. cerebrovascular accident, brain tumor, 

patients on nerve supplements/antioxidants). A detailed history and clinical examination of all cases were done. 

Epidemiological details (age and gender), color vision (Ishihara color vision chart), and Contrast Sensitivity 

(Pelli-Robson chart) were noted. Fundus was examined by direct ophthalmoscope and indirect ophthalmoscope (Figure 

2). An analysis of RNFL was done by SD-OCT. All RTA patients attending or referred to the department of 

ophthalmology, outpatient department (OPD), and trauma center were assessed and divided into two groups: RTA 

patients presenting within the 1st week and RTA patients presenting between 2-4wk. Controls were individuals of 

similar age and sex attending ophthalmology OPD for refraction. The follow up was done after 3mo, and at that time, 

best-corrected visual acuity (BCVA), and posterior segment evaluation was done. OCT RNFL of both eyes was 

analyzed again, and the average thickness of RNFL was taken for analysis. 

 

Figure 2 Indirect ophthalmoscopy. 

 

Continuous variables were presented as mean and standard deviation. Categorical variables were presented in number 

and percentage (%). Quantitative variables were compared using unpaired t-test, ANOVA, and paired t-test. The 

qualitative variable was compared using a Chi-square test/Fisher's exact test. P-value<0.05 was considered statistically 

significant. The data was entered and the analysis was done using Statistical Package for Social Sciences.  

RESULTS 
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A total of 108 patients were enrolled in the study. The mean age was 43±2.3 years in cases and 41±1.8 years in controls. 

There were 11 (20.37%) females and 43 (79.6%) males in the case group and 12 (22.22%) females and 42 (77.77%) 

males in the control group. No statistically significant difference was found (P>0.05) between the average age group of 

cases and controls (Table 1). 
Table 1 The demographic data of the patients 

Parameters � Case group� Control group� P�

Patients, n� 54� 54� -�
Age, y� 43±2.3� 41±1.8� >0.05�

Sex�    
M� 43 (79.63%)� 42 (77.77%)� >0.05�
F� 11 (20.37%)� 12 (22.22%)� >0.05�

 

The mean BCVA at the time of presentation was 0.28±0.22 and 0.22±0.28 for the right eye and left eye, respectively. 

The mean CS was 1.25±0.27 and 1.21±0.23 for the right eye and left eye, respectively. Mean CV was 0.81±0.14 and 

0.80±0.13, respectively. The mean RNFL thickness of the right eye and left eye was 93.21±9.21 and 94.12±11.8, 

respectively. Statistically, an insignificant difference was found in visual function between both the eyes of the case 

group at the first visit (Table 2). 
Table 2 The RNFL thickness and visual acuity of cases at the first visit 

Parameters�
Right eye  

(case group)�
Left eye  

(case group)�
P�

BCVA� 0.28±0.22� 0.22±0.28� 0.06�

Contrast sensitivity� 1.25±0.27� 1.21±0.23� 0.16�

Colour vision� 0.81±0.14� 0.80±0.15� 0.09�

Mean RNFL thickness� 93.21±9.21� 94.12±11.8� 0.15�

Superior quadrant� 122.10±14.25� 116.28±13.58� 0.30�

Inferior quadrant� 111.21±21.01� 111.02±19.12� 0.71�

Nasal quadrant� 58.98±7.25� 66.92±9.08� 0.16�

Temporal quadrant� 70.96±11.23� 61.51±6.30� 0.07�

 

A significant difference was seen in mean RNFL in the right and left eye of cases and controls (P≤0.001, P≤0.001, 

respectively). RNFL thinning was found in the nasal and temporal quadrant of both right and left eyes (P=0.001 of each, 

respectively). A significant difference was also found in BCVA, contrast sensitivity, and color vision (P<0.05) (Table 

3). 
Table 3 The comparison of BCVA, CV, CS, and RNFL thickness between cases and controls at the initial visit 

Parameters� R/E cases� R/E controls� P� L/E cases� L/E controls� P�

BCVA� 0.22±0.21� 0.01±0.03� <0.001� 0.18±0.21� 0.01±0.03� <0.001�

Contrast sensitivity� 1.24±0.23� 1.35±1.18� <0.001� 1.24±0.27� 1.37±1.8� <0.001�

Colour vision� 0.81±0.22� 0.93±0.04� <0.001� 0.78±0.10� 0.93±0.04� <0.001�

Mean RNFL thickness� 91.28±9.31� 98.48±4.5� <0.001� 93.01±9.8� 99.12±6.7� <0.001�

Superior RNFL� 120.97±19.60� 122.38±31.71� 0.63� 114.97±18.04� 120.93±21.28� 0.027�

Inferior RNFL� 109.98±22.84� 123.05±20.23� <0.001� 109.98±20.83� 112.94±24.0� <0.28�

Nasal RNFL� 57.97±7.23� 66.98±9.80� <0.001� 65.67±9.8� 74.86±8.34� <0.001�

Temporal RNFL� 69.93±11.98� 77.67±12.98� <0.001� 59.93±7.98� 64.97±8.8� <0.001�

 

In BCVA and color vision the change found after 3mo follow up in both right and left eyes were insignificant (P>0.05). 

A significant change was found in contrast sensitivity in both right and left eyes (P<0.05). There was insignificant 

change in the mean RNFL thickness of both eyes, but the superior quadrant of both eyes and temporal quadrant of the 

left eye had a significant change in mean RNFL thickness (P<0.05; Table 4). 
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Table 4 Changes in visual function and RNFL thickness on follow up after 3mo in the case group 

Parameters� R/E cases (0d)� R/E cases (90d)� P� L/E cases (0d)� L/E cases (90d)� P�

BCVA� 0.25±0.31� 0.22±0.39� 0.55� 0.19±0.21� 0.21±0.39� 0.65�

Contrast sensitivity� 1.18±0.29� 1.01±0.18� 0.05� 1.31±0.22� 1.13±0.19� 0.04�

Colour vision� 0.78±0.11� 0.77±0.12� 0.08� 0.75±0.11� 0.76±0.02� 0.13�

Mean RNFL thickness� 90.28±10.97� 89.21±10.96� 0.06� 92.18±9.8� 90.82±13.9� 0.08�

Superior RNFL� 122.92±19.68� 113.97±18.38� 0.001� 116.28±18.13� 109.38±18.10� 0.009�

Inferior RNFL� 110.97±21.23� 112.23±19.96� 0.56� 111.22±18.60� 107.98±20.18� 0.19�

Nasal RNFL� 58.13±7.9� 56.35±6.97� 0.13� 66.18±11.01� 68.37±11.12� 0.1�

Temporal RNFL� 68.23±11.67� 69.94±14.11� 0.36� 61.05±7.4� 58.21±9.01� 0.049�

 

DISCUSSION 

Out of 54 cases enrolled in study 41 came for follow up. Thirteen patients lost to follow up. The RTA was more 

common in adults with a mean age of 43±2.3 years[19]. Ezegwui had reported the peak age between 16 and 30 years in 

his study[1]. Armstrong et al[20] and Arora et al[21] have also reported similar results. In our study, male patients were 

79.6% and female patients were 20.37%. Males were more commonly involved in RTAs[22-23]. The male to female ratio 

was 4:1 in our study. At the time of presentation, the visual acuity after trauma ranged from 6/5 to PL (perception of 

light). Most of the patients had visual acuity ranging from 6/9 to 6/24, who had sustained ocular adnexal injury. A 

decrease in visual acuity occurred due to corneal abrasion, intraocular hemorrhage, and retro-orbital hemorrhage. In our 

study, there was a significant decrease in visual acuity as compared to controls. A similar decrease was also found in 

contrast sensitivity and color vision. In our study, 30 (55.5%) patients had periorbital ecchymosis, edema, and 

subconjunctival hemorrhage. It was the most common form of injury. 8 (14.8%) patients had isolated subconjunctival 

hemorrhage were the second-most common form of injury. 2 (0.03%) patients had lid tear. Closed globe injury was 

more common than open globe injury[24], similar to reported by Mittal et al[24] and Arora et al[21]. Several studies have 

reported that retinal layer thickness decrease following optic nerve injury[13-14,25]. Kanamori et al[12] reported a decrease 

in thickness of the entire retina, cp RNFL, and retinal ganglion cell (RGC) complex at 2, 3, 4, and 20wk after trauma in 

four patients. Cunha et al[16] also investigated that there was a progressive decrease in macular and cp RNFL thickness 

over the first 12wk following TON in three patients. However, most studies had small sample sizes and did not evaluate 

the morphological changes in the retina and visual function in patients with TON. No studies have evaluated all RTA 

patients. Therefore, we conducted this study on RTA patients and subsequent follow up was done to find out the change 

in visual function and circumpapillary RNFL thickness measurement using SD-OCT. We demonstrated that there was 

significant peripapillary RNFL thinning in both eyes of RTA patients when compared with the eyes of healthy 

individuals. The inpatient of trauma, damage of nerve fiber occurred. Therefore, we evaluated the nerve fiber layer 

thickness to assess all possible changes in RTA patients[16]. Sarkies et al[10] found out a strong correlation between RGC 

density and retinal layer thickness, and reported an exponential decline in the number of ganglion cells and thinning of 

RNFL thickness on SD-OCT which was significant following injury to the optic nerve in mice[26-28]. These 

morphological changes detected by SD-OCT have also been reported in humans. Kanamori et al. reported that cp RNFL 

and GCL thicknesses remain stable within 1wk after the trauma but start to decrease thereafter. Cunha et al[16] reported 

a 12% reduction in macular thickness over 5wk in patients of TON. With time, morphological changes in the retina 

occur. The optic disc becomes progressively pale and atrophic 3-5wk after trauma. Timely intervention may regain the 

vision loss[29-30]. At the timing of the first visit, we did not detect any significant change in optic nerve head on the 

fundus examination or the disc SD-OCT. We detected a tendency for mean cp RNFL thickness to decrease as compared 

to controls at the time of presentation. Whereas there was a marked reduction in RNFL thickness that occurred in the 

outer nasal and temporal quadrant of both eyes and outer superior quadrant of left eyes and temporal quadrant of right 

eyes. This neurodegenerative progression observed in early TON may occur due to early loss of RGC soma[31]. 

Munguba et al[32] reported that RGC soma count decreases initially faster than the NFL in vivo as an overall measurable 

change following optic nerve injury in animals. In our study, we also found that a significant decrease in visual function 

such as BCVA, CV, and CS occurred that can be correlated to the structural damage to the retina. A similar study was 

also done by Lee et al[14] and demonstrated similar changes in RNFL thickness and visual function. When we did the 
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RNFL thickness measurement after follow up found that the mean RNFL thickness decreased as compared to controls, 

but these decreases were not statistically significant. We also found that significant change in RNFL changes occurred 

in the superior quadrant in both the eyes and temporal quadrant of the left eye. These losses were likely to that of 

occurred in glaucomatous damage in which large damage occurred in superior and temporal areas as compared to other 

areas[33-35]. In glaucoma, the arcuate fiber passing through the superior and inferior portion of lamina cribrosa is 

generally known as the most vulnerable zone due to less connective tissue support[36-37]. On follow up, there was a 

decreased in visual acuity, CV, and CS, but statistically, the insignificant difference was observed in visual acuity and 

color vision. Decrease in visual function occurs following RTA. Furthermore, RNFL thinning occurs which remains 

persistently thin thereafter[38]. 
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