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2. SITES PARTICIPATING IN THE STUDY
Zhongshan Ophthalmic Center, Sun Yat-sen University. (ZOC)
Zhongshan Ophthalmic center is a modern multi-functional ophthalmic center integrating ophthalmic medicine, scientific research, teaching and blindness prevention and treatment. It is listed as one of the 20 most planned ophthalmic centers in the world. In 1981, it was approved as the first batch of master's and doctoral degree authorization points in China, and was rated as the first batch of national key disciplines. In 2000, it was rated as the key discipline of Guangdong Province, and in 2007, it was again rated as the national key discipline; In 1991, the Key Laboratory of Ophthalmology of the Ministry of Health was established; In 2001, Guangdong Provincial Key Laboratory of Ophthalmology and Guangdong Provincial Key Laboratory of Education Department were established. In 2002, the Key Laboratory of Ophthalmology of the Ministry of Education was established. In 2006, the only National Key Laboratory of Ophthalmology of the Ministry of Science and Technology was established. It undertakes a large number of national scientific projects and key international cooperation projects.
Shenzhen Eye Hospital, Jinan University (SEH)
Shenzhen eye hospital, located in Futian, Shenzhen, funded in 1983, is a medical hospital directly under Public Hospital Administration of Shenzhen Municipality, and a modern eye disease prevention specialist hospital with medical treatment, teaching and scientific research. There are 387 staffs, including 110 doctors, 155 nurses, 42 medical technicians, 31 other personnels, with 28,000 square meters and 200 inpatient beds.In 2017, there are more than 420,000 patients, 15,000 inpatients and 20,000 cases of surgeries. 
There are 13 professional groups，such as glaucoma, ocular Trauma, pediatric ophthalmology, fundus disease, Chinese medicine ophthalmology. Ocular Trauma, glaucoma, fundus furgery, pediatric ophthalmology respectively awarded as leading specialty by Public Hospital Administration of Shenzhen Municipality, and TCM ophthalmology awarded as Shenzhen characteristic TCM. The hospital took the lead in the implementation of the national new aqueous water drainage device (Ex-press micro-drainage nail) implantation, valved aqueous drainage device implantation, artificial vitreous balloon implantation and various glaucoma combined surgery. Peli glasses were firstly introduced to treat patients with visual field defects in China, and the Shenzhen Children and Adolescents Myopia Prevention Center was established to promote the prevention and treatment of juvenile myopia.
The Affiliated Hospital of Guizhou Medical University (GMU)
The Affiliated Hospital of Guizhou Medical University is over 70 years old and over the course of its existence has established many strong traditions and practices owing to an abundance of renowned doctors, most of whom came from Peking Union Medical College Hospital. The hospital is classified as a 3A-level Chinese medicine hospital in Guizhou province and integrates medical treatment, teaching, and scientific research. It has 3,000 registered beds, 887 professionals with senior titles, 86 staff with a PhD, 706 staff with a master's degree, and another 54 experts of varying capacity. The hospital has 55 clinical departments and 11 medical technical departments, among which 11 are recognized as key provincial disciplines.

3. BACKGROUND
Diabetic retinopathy (DR) and diabetic cataract are the most common complications in diabetes mellitus patients, and the major causes of visual impairment worldwide.1-4Pars plana vitrectomy (PPV) is one of the most widely used surgical therapies to various kinds of retinal diseases, including proliferative diabetic retinopathy (PDR). However, postoperative cataract is almost inevitable after PPV surgery.5 As a predictable sequela, postoperative cataract is observed in 79%-95% of phakic patients after PPV in 6-24 months. 5-7 The potential contributions to the postoperative cataract progression in PDR patients may include older age, high level of intraocular inflammation factors, neovascularization, severity of retinal diseases, intravitreal tamponade, preoperative lens opacities, and complications during or after surgery.8-11 To deal with the postoperative cataracts, phacoemulsification and intraocular lens (IOL) implantation are the main surgical therapy. Generally, subsequent cataract surgeries are required within 9-24 months after the PPV surgery.12-14 However, the subsequent surgery may carry a potentially greater risk of suboptimal outcomes, including fluctuation of anterior chamber, zonular dehiscence, and inflammation, postoperative macular edema and neovascular glaucoma etc.15-17
How to achieve a better prognosis and reduce postoperative risks in PDR patients?
[bookmark: _Hlk51883715]Since the subsequent cataract surgery is risky, the combination of PPV, phacoemulsification and IOL implantation may be a feasible alternative. As evidenced in previous studies, for PDR patients with dense cataract which compromises the evaluation of retinal conditions, the combined surgery is highly recommended and has been proved as efficient as the two-step surgeries.18-22 However, the benefits of combined surgery in patients over 45 years old with mild-moderate lens opacities and whether the combined surgery is safer than the two-step surgeries remain unknown. Since the best surgical procedure with minimal risk is controversial in clinical work, it is meaningful to conduct a prospective clinical trial to compare the effectiveness and safety of these two surgical procedures, providing reliable evidences for clinical therapy.

4. HYPOTHESIS
Hypothesis 1：PPV combined with cataract surgery concurrently is as effective as PPV with subsequent cataract surgery in PDR patients over 45 years old with mild-moderate lens opacity.
Hypothesis 2：PPV combined with cataract surgery concurrently can provide better vision acuity than PPV alone in PDR patients over 45 years old with mild-moderate lens opacity.
Hypothesis 3：PPV combined with cataract surgery concurrently is safer with less complications than PPV with subsequent cataract surgery in PDR patients over 45 years old with mild-moderate lens opacity.

5. STUDY OBJECTIVES
5.1 General objectives
Our overall objective is to determine whether PPV combined with cataract surgery concurrently is a better surgical procedure for PDR patient over 45 years old with mild-moderate lens opacity.
5.2 Specific objectives
Main Objective: To investigate the difference of best correct visual acuity (BCVA) between PPV combined with cataract surgery concurrently and PPV alone 6 months after the surgery.
Secondary Objective 1: To investigate whether PPV combined with cataract surgery concurrently is less risky than PPV with subsequent cataract surgery.
Secondary Objective 2: To investigate whether PDR patient who receive PPV combined with cataract surgery can gain better vision related life quality and earlier recovery with less medical expense than those receive PPV with subsequent cataract surgery.

6. DESIGN AND METHODOLOGY
6.1 Study design 
[bookmark: _Hlk92051357]This multi-center randomized clinical trial is conducted in 3 different hospitals in China. These hospitals are: (1) Zhongshan Ophthalmic Center (ZOC), Sun Yat-sen University；(2) The Affiliated Hospital of Guizhou Medical University; (3) Shenzhen Eye Hospital, Jinan University. In each center, PDR patients over 45 years old who are going to receive PPV surgery with mild-moderate lens opacities will be assessed as potential eligible participants according to the following inclusion and exclusion criteria. Only one eye per participant was included in this study. To those patients who required surgeries in both eligible eyes, only the eye with worsen BCVA would be included in this study.
6.2 Inclusion criteria
(1) Age over 45 years, men or women.
(2) Diagnosed with type 1 or type 2 diabetes.
(3) Proliferative diabetes retinopathy, according to the international severity scales.23 
(3) mild-moderate lens opacities (C3N3P3 or below), according to LOCSⅢ.24 
(4) BCVA ≥ 1 letter on Early Treatment of Diabetic Retinopathy Study chart (ETDRS) on the day of randomization. 
(5) Able and willing to sign informed consent.
6.3 Exclusion criteria
(1) Severe retinal detachment (range over a quadrant or macula involved for more than 3 months, with equal or more than 3 retinal tears and/or at least 1 giant tears);
(2) Low Vision or blind on the other eye; 
(3) Macular degeneration, including age-related macular degeneration and Polypoidal choroidal vasculopathy; 
(4) Ocular trauma; 
(5) Glaucoma; 
(6) Hereditary retinopathy; 
(7) severe lens opacities before the surgery (LOCSⅢ: C4N4P4 or above)
(8) Uncontrolled glycemia, blood pressure >180/110 mm Hg, acute congestive heart failure, significant renal disease or other conditions, in the investigators’ opinion, that would preclude participation in this study.
(9) [bookmark: _Hlk52788507]History of previous other intraocular surgeries. 
We notice that silicon oil tamponade is commonly used in PPV surgery for severe retinal detachment in PDR patients. For those with mild retinal detachment, gas tamponade (perfluorated propane, C3F8) together with filtered air is also an option. In this study, each patient will receive ultrasound B scan and digital fundus camera for the preoperative evaluation and those with severe retinal detachment requiring silicon oil tamponade will be excluded. Yet those with mild retinal detachment (range less than 1 quadrant with no more than 3 tears and each tear less than 0.1 papillary diameter) without silicon oil tamponade will be included.
6.4 Arms and Interventions
[bookmark: _Hlk91166370]There are two parallel groups in this study, the combined group and the subsequent group. In the combined group, phacoemulsification will be routinely performed at the first of the combined surgery, and IOL implantation will be the last step until all other PPV procedures are successfully accomplished. In the subsequent group, PPV alone will be performed first and lens opacity will be regularly evaluated based on LOCSⅢ after PPV surgery. If patients in the subsequent group meet the following criteria, phacoemulsification with IOL implantation will be performed 6 months after the PPV: (1) a reduction (at least 5 ETDRS letters) from the maximal postoperative BCVA after PPV alone; (2) aggravation in lens opacity (at least one degree worse in cortex, nuclear or posterior subcapsular from the baseline based on LOCSⅢ); (3) exclusion of other potential conditions for vision loss or uncontrolled retina conditions. 
6.5 Surgical procedure
PPV
All participants will receive anti-vascular endothelial growth factor (anti-VEGF, KANGHONG, China) intravitreal injection 1 week before an extensive 3-port PPV using 25-gauge instrument. All PPV surgeries will be performed by three experienced surgeons in each hospital respectively under retrobulbar local anesthesia. Using non-contact lenses, posterior hyaloid separation, removal of the posterior vitreous membrane and peripheral vitrectomy will be performed, and then manual delamination, dissection, and segment will be used to remove proliferative tissues. Membrane dissection and segmentation will be performed when necessary to eliminate all tangential tractions. Panretinal endophotocoagulation will be routinely performed under air or fluid condition. Air-fluid exchange and C3F8 tamponade will be performed when an iatrogenic retinal tear/rhegmatogenous retinal detachment are identified intraoperatively. Triamcinolone acetonide will be injected intraocularly at the end of PPV if conditions allowed.
Phacoemulsification and IOL implantation
Phacoemulsification will be routinely performed through a 3.2-mm clear corneal incision, with implantation of an acrylic foldable IOL (SN60WF, Alcon, USA). The keratometric values, axial length, anterior chamber depth and other biometers are measured preoperatively by optical coherence interferometry like IOL Master 700 (Carl Zeiss Meditec AG, Jena, Germany). The IOL power calculation will be performed using the Barret U Ⅱ. 
6.6 Study outcomes
The primary outcome Postoperative improvement of BCVA on ETDRS in both groups from baseline to six months after the PPV.
The secondary outcomes: 
(1) Visual Function Questionnaire (VFQ-25, Chinese edition) composite score, 
(2) Postoperative complications: Neovascular glaucoma (NVG), macular edema (ME), recurrent vitreous hemorrhage (VH), and recurrent retinal detachment (RD),
(3) Surgical expenses including economical expense, time of operation and duration of work incapacity.
6.7 Follow-up schedule 
A one-year follow-up plan is scheduled for each participant. In the combined group, follow-up visits will be 1 week, 1 month, 3 months, 6 months, and 12 months after the combined surgery. In the subsequent group, follow-up visits will be divided into two parts. The first part will be 1 week, 1 month, 3 months, 6 months after the PPV surgery. After the subsequent cataract surgery at month 6, another same follow-up plan of 1 week, 1 month, 3 months, 6 months is then scheduled for each participant. It is worth noting that even though no regular visits are arranged in the combined group during 7-11 months, ocular examinations are still advised every 3 months in these participants without compulsive requirement. If any adverse events or discomfort, including rapid drop of BCVA, ophthalmalgia, headache, etc., emerged during the follow-up period, patients are allowed to contact their ophthalmologists at any time regardless of the arranged follow-up schedule. The participant flow diagram is shown in Figure P1.
[image: ]
Figure P1. Participant flow diagram. d is for day; w is for week; m is for month; y is for year; PPV is for pars plana vitrectomy; PDR is for proliferative diabetic retinopathy. *Participants in the subsequent group will receive cataract surgery 6 month after PPV.
6.8 Randomization strategy and allocation concealment
Block randomization will be applied. Three independent random sequences for each hospital will be generated by a statistician who will not involve in the performance of the trial using an online random number generator (www. randomization.com), with A and B representing the groups. After informed consent is obtained, eligible participants will be randomized 1:1 into the combined group or the subsequent group by an independent staff who will not involve in the performance of the trial.
6.9 Sample size
The calculation of the sample size is based on the primary outcome, postoperative improvement on BCVA, from baseline to six months after the PPV. It is calculated based on BCVA data in previous published retrospective review of PPV versus PPV combined with cataract surgery.21 It is assumed that the difference of BCVA improvement between the two groups will be 10±15 (mean ± standard deviation) letters when six months past after PPV. By using a balanced design, 49 participants in each group will be required to achieve 90% statistical power at a two-sided significance level of 0.05. Furthermore, allowing for up to 20% loss of participants prior to the one-year follow-up, 122 participants are required. The sample size is calculated by PASS 16.0 (NCSS, LLC, USA).
6.10 Blinding
This is an open-label trial. Participants and surgeons are not masked to the treatment assignment. However, Persons who are responsible for enrollment, screening, and measurement will not know the randomization assignment. The surgeon does not know the assignment until entering the procedure of the surgery. Also, the data analysis will be compiled by masked statisticians.

7. STATISTICAL CONSIDERATIONS
7.1 Data Collection
In each center, there will be at least one designated clinic staff member who will have undergone training on how to use the study databases as well as on protection of human subjects. BCVA, VFQ-25 composite score and postoperative complication will be collected and double entry will be applied. The consistency of two datasets will be checked.
7.2 Data Storage and Security
All study computers and records will be stored in a secure room with access limited only to authorized staff. All computers and databases will be password-protected with limited access.
7.3 Data Analysis
Baseline characteristics will be shown as mean ± standard deviation (SD) or median (inter quartile range, IQR) for continuous data including age, BCVA, VFQ-25 composite score, medical expenses, etc. Normally of the continuous data will be checked by Shapiro–Wilk test and histogram. As for participants’ gender, cataract degree and indication of PPV etc. Frequency (percentage) for each group will be shown. For the primary outcomes and secondary outcomes, data analysis will be performed on an intention-to-treat basis and missing data will be imputed by the method of multiple imputation which will create 20 copies of the data and missing values will be imputed by chained equations. The combined results will be obtained by using Rubin’s rules. Unadjusted and adjusted mean differences between trial arms and 95% confidence interval before and immediately after the interventions on improvement of BCVA and VFQ-25 composite score will be calculated by linear regression models. All variables with P<0.20 in the univariable regression analysis will be included in the multivariable regression analysis. The center effect will be assessed by likelihood ratio test, intra-class correlation (ICC), and comparisons of the mean differences on main outcome among centers. Adverse events and complications will be compared with Chi-square test or Fisher’s exact test. Medical expenses, time of incapacity to work will be compared with two-sample independent t-test or Wilcoxon rank sum test. All statistical analyses will be conducted using STATA 16.0 (StataCorp, College Station TX, USA).

8. HUMAN SUBJECTS
8.1 Institutional Review Board Review and Informed Consent
This protocol and the informed consent document and any subsequent modifications are reviewed and approved by the ethics committee responsible for oversight of the study. A signed consent form will be obtained from the participants The consent form will describe the purpose of this study, the procedures to be followed, and the risks and benefits of participating this study. A copy of the consent form will be given to the participants and this fact will be documented their record.
8.2 Subject Confidentiality 
All examinations, evaluation forms, reports, and other records that leave the site will be identified by coded number only to maintain subject confidentiality. All records will be kept locked. All computer entry and networking programs will be done with coded numbers only. Clinical information will not be released without written permission of the patients (or legal guardian), except as necessary for monitoring by the ethics committee.
8.3 Study Discontinuation 
The study may be discontinued at any time by the ethics committee and participants have the right to quit the study at any time. During the postoperative follow-up, patients with emergence of severe complications, including death, blindness, endophthalmitis, recurrent retinal/choroid detachment, recurrent vitreous hemorrhage, neovascular glaucoma and other adverse events, in the investigators’ opinion, that greatly threaten health or vision condition, will withdraw from the study and receive corresponding treatment according to the actual condition. The timing of subsequent cataract surgery can also be modified if the postoperative cataract after PPV greatly aggravate and normal life or regular retinal examination are affected. 
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