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SUMMARY: 
This article primarily outlines the standard procedure for bedside screening for retinopathy of prematurity (ROP), which helps detect ROP early, enabling timely treatment and reducing the risk of blindness.

ABSTRACT: 
Retinopathy of prematurity (ROP) screening is a time-sensitive, multidisciplinary clinical process that enables early detection of this vision-threatening disease while minimizing examination-related physiologic stress. This article describes a structured bedside workflow for ROP screening, including eligibility assessment, pre-examination preparation, retinal examination, differential diagnosis of uncertain findings, documentation, follow-up planning, referral, and post-examination care. Infants are selected for screening according to gestational age and birth weight criteria, with additional consideration given to clinically unstable infants considered at risk by the neonatology team. Before examination, parent communication, cardiorespiratory monitoring, pharmacologic mydriasis, and comfort measures are performed according to the screening workflow. Retinal evaluation is performed primarily by binocular indirect ophthalmoscopy combined with scleral depression, while adjunctive image documentation is obtained when available and clinically indicated. Examination findings are recorded according to the International Classification of Retinopathy of Prematurity, Third Edition (ICROP3), including zone, stage, and plus disease status, to support consistent classification and longitudinal comparison. Follow-up intervals, senior review, and referral for treatment evaluation are then assigned according to predefined decision criteria. This workflow may serve as a practical operational framework for bedside ROP screening in units seeking more uniform documentation and follow-up planning.

INTRODUCTION: 
Retinopathy of prematurity (ROP) is one of the major preventable causes of childhood blindness worldwide and primarily affects preterm infants and those with low birth weight1. With advances in perinatal medicine and neonatal intensive care, increasing numbers of extremely preterm and extremely low-birth-weight infants now survive, and the burden of ROP therefore remains substantial, particularly in low- and middle-income countries2. Without timely screening and intervention, ROP may progress to tractional retinal detachment and severe irreversible visual loss, and it is also associated with long-term ocular sequelae such as refractive error, high myopia, strabismus, amblyopia, and late retinal complications3. Importantly, many severe ROP-related visual outcomes can be prevented or mitigated through standardized screening, early recognition, and timely treatment.

Current ROP management is centered on risk-based screening, standardized disease classification, timely intervention, and longitudinal follow-up4. Indirect ophthalmoscopy remains the clinical gold standard for screening, ICROP3 provides a standardized framework for disease documentation and staging, and laser photocoagulation and intravitreal anti-vascular endothelial growth factor therapy are the principal treatment options for severe ROP5,6. In clinical practice, however, the operational workflow used to deliver ROP screening varies across institutions. Some centers rely primarily on bedside indirect ophthalmoscopy performed according to local routines, whereas others use image-based documentation or telemedicine-assisted review when trained ophthalmologists or bedside resources are limited7,8. These approaches may differ in staffing requirements, documentation quality, workflow consistency, and capacity for longitudinal comparison, particularly when screening is performed across multiple providers or over extended follow-up periods9,10. 

A structured bedside workflow may offer practical advantages over non-standardized bedside practice by clarifying team roles, improving consistency of documentation, supporting follow-up planning, and facilitating communication between ophthalmologists, neonatologists, and nursing staff9,10. Such a workflow may be particularly useful in neonatal wards and neonatal intensive care units that perform repeated bedside screening, maintain longitudinal follow-up, or aim to strengthen training and quality control11. At the same time, implementation depends on the availability of trained personnel, monitoring equipment, and access to adjunct image documentation when needed. The protocol may therefore be most applicable in centers with established neonatal care infrastructure and ophthalmic support, whereas adaptation may be necessary in settings with limited personnel, limited imaging access, or greater reliance on telemedicine-assisted screening. In addition, the characteristics of infants at risk for ROP may vary across healthcare systems and geographic regions. In low- and middle-income settings, ROP may occur in larger and more mature infants than those typically included in screening programs in highly resourced tertiary centers12. For this reason, screening criteria, team organization, and referral pathways may require local adaptation according to the patient population, available expertise, and institutional resources rather than strict reliance on a single operational model12.

Accordingly, this article presents a structured bedside ROP screening workflow applicable to neonatal wards and NICUs. The protocol focuses on screening eligibility assessment, pre-examination preparation, binocular indirect ophthalmoscopy combined with scleral depression, adjunctive image documentation when indicated, ICROP3-based documentation and grading, and decisions regarding follow-up and referral. Rather than proposing a new diagnostic standard, this article provides a practical operational framework intended to support more consistent implementation of bedside ROP screening and to facilitate training, documentation, and multidisciplinary coordination in routine clinical practice.

PROTOCOL: 
This protocol describes a structured bedside ROP screening workflow for neonatal wards and the neonatal intensive care unit (NICU). The study was approved by the Ethics Committee of the Children’s Hospital, Zhejiang University School of Medicine (ID: 2021-IRB-026). All examinations were performed according to routine clinical practice, and written informed consent was obtained from the parents or legal guardians. A standardized parental informed consent form used in this protocol is provided in Supplementary File 1.

1. Determining screening eligibility

1.1 Identify infants eligible for screening. Review gestational age (GA), birth weight (BW), and neonatal records. Include infants with a GA of ≤30 weeks and/or a BW of ≤1500 g.

1.2 Assess infants outside the routine thresholds. Review the systemic course of infants whose GA or BW exceeds the routine thresholds. Consult the neonatology and ophthalmology teams and determine whether screening is indicated.

1.3 Schedule the first examination. Determine the timing of the first examination according to postmenstrual age (PMA) and postnatal age. Examine infants born at ≤27 weeks’ gestation at approximately 31 weeks’ PMA and examine infants born at >27 weeks’ gestation at approximately 4 weeks after birth13.

1.4 Create the screening registry. Record the infant’s name, hospital identification number, GA, BW, PMA, general systemic condition, oxygen supplementation history, and results of prior ophthalmic examinations. Use the registry to arrange scheduling, follow-up, and interdisciplinary communication.

2. Preparation for bedside screening

2.1 Prepare the team. Distribute workflow responsibilities among the ophthalmologist, neonatal team, and nursing staff before beginning bedside screening. Complete administrative preparation, pupillary dilation, and routine monitoring setup in advance when possible so that the bedside retinal examination can proceed efficiently once the ophthalmologist is present.

2.1.1 Assemble the multidisciplinary team. Identify the ophthalmologist, the responsible neonatal team member, and the nursing staff involved in the screening workflow. Assign responsibilities for registry review, pupillary dilation, monitoring setup, bedside examination, documentation, and follow-up communication before the examination begins.

2.1.2 Verify infant identity. Confirm the infant’s identity at the bedside using standard clinical identification procedures. Complete identity verification before medication administration and examination setup.

2.1.3 Review systemic stability. Review heart rate, respiratory status, oxygen saturation, and overall systemic condition immediately before the examination. Reassess the plan if instability is present.

NOTE: For the purposes of this protocol, instability or clinically significant deterioration includes oxygen saturation <80%, heart rate <100 beats/min, apnea, gasping, or persistent increased work of breathing.

2.1.4 Prepare emergency support. Place resuscitation and cardiorespiratory support equipment at the bedside for infants with limited systemic reserve. Confirm immediate availability before starting the examination.

2.1.5 Define bedside attendance according to task requirements. Ask nursing staff to complete preparatory steps that do not require the ophthalmologist at the bedside, including infant identification, routine monitoring setup, and scheduled pupil dilation. Request neonatal physician presence when systemic assessment, stabilization, or urgent medical support is required, rather than requiring continuous bedside attendance throughout the entire screening sequence.

2.2 Prepare the instruments and materials

2.2.1 Prepare and disinfect the examination instruments. Prepare the binocular indirect ophthalmoscope, condensing lens, infant eyelid speculum, scleral depressor, and related screening instruments. Clean and disinfect all reusable instruments before the examination and maintain aseptic handling during setup.

NOTE: Use disposable contact materials whenever possible.

2.2.2 Adjust the ophthalmoscope and condensing lens. Place the head-mounted indirect ophthalmoscope securely and adjust the interpupillary distance until a stable binocular view is obtained. Select the condensing lens used in the local screening protocol and reduce illumination to the lowest level that still permits reliable fundus visualization.

2.2.3 Prepare adjunct imaging and monitoring equipment. Prepare wide-field retinal imaging for adjunctive documentation and assessment when it is available and clinically indicated14,15. Connect continuous monitoring devices for heart rate and oxygen saturation before the examination. The imaging device used for adjunct fundus documentation is shown in Figure 1.

NOTE: Perform adjunct imaging using a 130° pediatric wide-field lens and the manufacturer’s standard neonatal imaging mode.

[Place Figure 1 here]

2.2.4 Prepare the documentation forms. Place the standardized examination record form and report form at the bedside before starting the examination. Record findings during or immediately after the examination.

2.2.5 Perform hand hygiene and infection-prevention procedures. Perform hand hygiene before patient contact and before instrument handling. Follow the institutional infection-prevention procedures throughout the bedside workflow.

2.3 Prepare the infant. Complete infant preparation steps in advance whenever possible. Perform pupillary dilation, routine monitoring, registry confirmation, and bedside setup in parallel for more than one infant when the clinical workload and staffing pattern allow.

2.3.1 Communicate with the parents or legal guardians. Explain the purpose, procedure, possible discomforts, and safety precautions of bedside ROP screening. Answer questions and complete written informed consent before pupil dilation.

2.3.2 Review contraindications and medication history. Review contraindications, allergy history, and relevant systemic risk factors before administering ophthalmic medications. Confirm the absence of known adverse reactions to mydriatic agents or topical anesthetic agents.

2.3.3 Monitor vital signs before dilation. Record heart rate, respiratory rate, and oxygen saturation before administering the mydriatic agent. Continue monitoring during pupil dilation and reassess the infant immediately before starting the ocular examination16.

CAUTION: Stop the workflow and reassess the infant if oxygen saturation falls below 80%, if heart rate falls below 100 beats/min, or if apnea, marked increased work of breathing, or other clinically significant deterioration occurs. 

2.3.4 Administer mydriatic agents. Instill compound tropicamide (tropicamide 0.5% and phenylephrine 0.5%), 1 drop in each eye, before the examination. Allow 30–40 min for pupil dilation before beginning the ocular examination. Ask the nursing staff to administer the mydriatic agent according to the screening schedule. If pupil dilation remains inadequate after the waiting period, delay classification and reassess the infant according to the local neonatal ophthalmic workflow.

2.3.5 Prepare ocular surface support. Instill proparacaine hydrochloride 0.5%, 1 drop in the eye, immediately before scleral depression-assisted examination. Wait 1 min for the topical anesthetic to take effect, then begin the examination. Apply lubricating drops or artificial tears when corneal dryness, unstable tear film, or reduced optical clarity is present.

2.3.6 Provide comfort measures. Provide swaddling, non-nutritive sucking, and oral sucrose when appropriate17,18. Select the comfort strategy according to the infant’s clinical condition and the local neonatal care practice.

2.3.7 Confirm readiness for examination. Confirm adequate pupil dilation before inserting the eyelid speculum and beginning indirect ophthalmoscopy. Define adequate dilation as a pupil diameter of at least 5 mm or as sufficient dilation to allow visualization of the posterior pole and the retinal periphery required for classification.

2.3.8 Stabilize the infant. Ask the nursing staff to stabilize the infant’s body and head before the examination begins. Minimize unnecessary restraint and excessive stimulation.

3. Performing bedside retinal examination

3.1 Position and monitor the infant.

3.1.1 Position the infant. Place the infant in the supine position in the incubator or on a warming bed. Expose the eyes adequately and minimize unnecessary body movement.

3.1.2 Start continuous physiologic monitoring. Monitor heart rate, respiratory status, and oxygen saturation continuously throughout the examination16. Pause the examination immediately if oxygen saturation falls below 80%, if heart rate falls below 100 beats/min, or if respiratory instability develops, including apnea, gasping, or persistent increased work of breathing. 

3.2 Open the eyelids and protect the ocular surface.

3.2.1 Insert the eyelid speculum. Instill a topical anesthetic when necessary and insert an infant eyelid speculum gently. Expose the globe without applying excessive pressure to the eyelids.

3.2.2 Maintain ocular surface clarity. Inspect the ocular surface before proceeding. Apply lubricating drops or artificial tears as needed to maintain corneal moisture and optical clarity.

3.3 Examine the posterior pole and retinal vascularization.

3.3.1 Examine the first eye. Examine the right eye first. Identify the optic disc and posterior pole and assess retinal vessel dilation, tortuosity, and pre-plus or plus vascular changes.

3.3.2 Assess vascular termination and lesion extent. Identify the termination of retinal vessels and determine the extent and location of retinal lesions. Assign the retinal zone and note the findings relevant to stage classification.

3.3.3 Examine the peripheral retina with scleral depression. Apply scleral depression gently and inspect the peripheral retina. Identify avascular retina, a demarcation line, a ridge, and extraretinal fibrovascular proliferation, and inspect the area near the ora serrata when needed.

3.3.4 Examine the fellow eye. Repeat the same sequence in the left eye. Record posterior pole findings, vascular termination, lesion extent, and peripheral retinal findings separately for that eye.

3.4 Acquire adjunct images when indicated.

3.4.1 Acquire adjunct images. Acquire adjunct images when one or more of the following conditions are present: (1) posterior pole vascular changes require documentation; (2) zone or stage classification remains uncertain after bedside examination; (3) peripheral retinal findings require image confirmation; (4) secondary review or remote consultation is anticipated; (5) longitudinal comparison is required at follow-up; or (6) image documentation is required by the local screening workflow.

3.4.1.1 Perform image acquisition after completion of the core bedside examination or during a brief pause when the infant remains clinically stable. Use the standard neonatal imaging mode of the device unless pupil size, media clarity, or infant tolerance requires adjustment. 

NOTE: In routine neonatal bedside screening, no additional parameter adjustment was usually required, and image acquisition was generally performed using the manufacturer’s default neonatal settings unless pupil size, media clarity, or infant tolerance limited image quality.

3.4.2 Evaluate image adequacy before classification support. Confirm that the image shows the posterior pole or peripheral target region with sufficient focus, illumination, and field coverage before using it to support classification or documentation. Repeat image acquisition if vessel margins are blurred, the retinal region of interest is incompletely captured, motion artifact obscures interpretation, or illumination is insufficient for grading. 

3.5 Resolve limited visualization and uncertain findings.

3.5.1 Repeat the examination when visualization is limited. Repeat the examination if poor dilation, corneal dryness, media opacity, motion artifact, or infant intolerance limit visualization. Improve the ocular surface, reposition the infant, and repeat the view before assigning classification.

3.5.2 Escalate uncertain findings. Proceed with classification only after confirming all of the following: (1) pupil dilation is adequate for visualization of the posterior pole and the retinal periphery required for staging; (2) retinal vessels and lesion borders are sufficiently visible for zone and stage assessment; and (3) plus or pre-plus vascular changes can be judged without major uncertainty.

NOTE: Delay final classification and request repeat examination, adjunct imaging, or senior review if any of these criteria are not met.

4. Documentation and classification of disease

4.1 Record findings according to ICROP3.

4.1.1 Record bilateral findings. Record retinal zone, stage, plus disease status, and aggressive posterior ROP (AP-ROP) status for each eye separately. Complete the standardized examination record form for both eyes (Supplementary Table 1).

4.1.2 Record additional retinal features. Record clock-hour extent, vascular termination, avascular retina, demarcation line, ridge, extraretinal neovascularization, posterior pole vascular findings, and other relevant fundus findings when present. 

NOTE: The examination form should allow bilateral recording of ICROP3 classification, posterior pole vascular findings, peripheral retinal findings, image acquisition status, and any uncertainty requiring secondary review.

4.2 Label and archive image data.

4.2.1 Label image files. Label each image file with the examination date, PMA, laterality, bed number, or hospital identification number, and screening type. Use a consistent naming format across all examinations.

4.2.2 Archive image files. Store the labeled image files in the designated archive immediately after acquisition. Verify successful storage before moving to the next case.

4.3 Perform secondary review when interpretation is uncertain.

4.3.1 Send uncertain cases for secondary review. Send cases with poor image quality, borderline findings, or uncertain grading to a second ophthalmologist for review. Document the secondary review in the record.

4.3.2 Escalate discrepant interpretations. Refer discrepant interpretations to a senior ophthalmologist for final adjudication. Update the final classification after adjudication.

4.4 Generate the standardized report.

4.4.1 Complete the report form. Summarize disease classification, the recommended follow-up interval, referral status for treatment evaluation, and the need for remote expert review in the standardized report form (Supplementary Table 2). Finalize the report promptly after the examination.

NOTE: The report form should summarize the final classification for each eye, the assigned follow-up interval, the need for senior review, referral for treatment evaluation, and whether adjunct images were archived and linked to the medical record.

4.4.2 Link the report to the medical record. Attach the final report to the infant’s clinical record. Confirm successful entry before ending the documentation workflow.

5. Planning the follow-up and referral

5.1 Assign the follow-up interval

5.1.1 Assign a follow-up interval according to disease severity. Assign follow-up within 1 week or less for posterior disease, zone I disease, stage 3 disease, pre-plus disease, plus disease, suspected aggressive ROP, or uncertain progression risk. Assign follow-up within 1–2 weeks for less severe zone II disease or immature vascularization without immediate treatment-warranted features. 

5.1.1.1 Assign follow-up within 2–3 weeks for mild or regressing disease without high-risk features. Apply the same interval assignment criteria consistently across all examinations to maintain uniform follow-up planning.

5.1.2 Record the follow-up interval. Record the assigned interval in the standardized report form and communicate it to the neonatal care team before ending the screening workflow. Confirm the planned date or time window for the next examination at the time of documentation.

NOTE: Adjust the interval according to the infant’s systemic condition and the local screening guideline if earlier re-examination is clinically necessary.

5.2 Identify infants requiring short-interval re-examination.

5.2.1 Flag high-risk infants. Flag infants for short-interval re-examination when one or more of the following findings are present: posterior immature vascularization, zone I disease, stage 3 ROP, pre-plus disease, suspected aggressive ROP, poor retinal visualization, or findings with uncertain progression risk.

5.2.2 Prioritize re-examination scheduling. Schedule these infants for early re-examination and identify them clearly in the registry and report form. Communicate the short-interval plan directly to the neonatal care team and the responsible ophthalmology team member.

5.3 Identify infants requiring immediate senior review.

5.3.1 Escalate concerning findings immediately. Refer the case to a senior ophthalmologist immediately when the examination shows severe posterior vascular changes, suspected plus disease, possible aggressive posterior ROP, posterior zone I or posterior zone II involvement, poor-quality visualization that limits reliable grading, or persistent uncertainty in classification after repeat examination.

5.3.2 Document the reason for escalation. Record the indication for senior review in the examination record and report form. Complete the final classification only after senior review or adjudication.

5.4 Refer treatment-warranted disease.

5.4.1 Transfer treatment-warranted cases to the treatment pathway. Identify treatment-warranted disease when one or more of the following findings are present: zone I ROP with plus disease at any stage, zone I stage 3 ROP without plus disease, or zone II stage 2 or 3 ROP with plus disease.

5.4.2 Transfer the infant to the treatment pathway.
Transfer infants with treatment-warranted findings to the treatment pathway without delay. Initiate referral for treatment evaluation, document the referral decision in the medical record, and communicate the result directly to the neonatal care team and the infant’s guardians.

5.4.3 Use structured support for decision-making. Use the follow-up and referral decision matrix provided in Supplementary Table 3 to support interval assignment, escalation, and treatment referral. Apply the matrix together with bedside findings and the infant’s current systemic condition.

6. Performing post-examination care

6.1 Monitor the infant after the examination.

6.1.1 Continue post-examination observation. Observe the infant until heart rate, respiratory status, oxygen saturation, and overall tolerance remain stable. Continue bedside monitoring through the nursing team after the examination ends.

6.2 Protect the ocular surface.

6.2.1 Provide ocular surface care. Apply lubricating drops or artificial tears after the examination if ocular surface exposure or irritation is present. Reassess the eye if prolonged speculum use or repeated manipulation occurred.

6.3 Clean and disinfect the instruments.

6.3.1 Process the reusable instruments. Clean and disinfect all reusable instruments immediately after use according to institutional infection-control procedures. Complete instrument processing before moving to the next infant.

6.4 Archive data and upload the report.

6.4.1 Archive the image data. Archive all image data in the designated storage system. Confirm successful storage before ending the workflow.

6.4.2 Upload the report. Upload the final standardized report to the medical record system. Verify successful upload before closing the case.

RESULTS: 
Approximately 25 eyes underwent bedside ROP screening per week. The examination completion rate was 100%, and the average examination duration was 2–3 min per eye. Standardized report generation was completed in all screened cases, and follow-up assignment was completed for all cases. Adverse events, including apnea and allergic reactions, occurred only rarely, indicating good overall tolerability of the bedside workflow.

Figure 2 summarizes the overall workflow of bedside ROP screening and follow-up in neonatal wards and neonatal intensive care units. The flowchart outlines the sequence from screening eligibility assessment and pre-examination preparation to bedside retinal examination, disease classification, follow-up planning, referral, and post-examination care.

Figure 3 shows the examiner's preparation for bedside screening for retinopathy of prematurity. The examiner is shown wearing an indirect ophthalmoscope and preparing for retinal examination. This image illustrates the bedside setup before indirect ophthalmoscopy.

Figure 4 presents representative retinal images obtained during screening. The images show typical posterior pole and retinal vascular findings relevant to bedside ROP assessment, including visualization of retinal vascular morphology and vascular tortuosity. These representative images illustrate the type of retinal appearance that may be documented during the screening workflow.

[Place Figure 2 here]
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[Place Figure 4 here]

FIGURE AND TABLE LEGENDS: 

 Figure 1: Imaging device used for adjunct fundus documentation in bedside ROP screening.

Figure 2: Flowchart of the bedside ROP screening and follow-up workflow.

Figure 3: Ophthalmologist wearing a binocular indirect ophthalmoscope and preparing to examine the infant.

Figure 4: Representative fundus images of retinopathy of prematurity obtained during screening. (A) Representative fundus image showing the posterior pole and retinal vascular morphology in ROP. (B) Representative fundus image demonstrating increased posterior pole vascular tortuosity and dilation. (C) Representative fundus image of ROP with characteristic retinal vascular changes identified during bedside examination.

Supplementary Table 1: Standardized examination record form for bedside ROP screening. The table summarizes the structured form used to document retinal findings, ICROP3 classification, and examination-related information for each eye.

Supplementary Table 2: Standardized report form for bedside ROP screening. The table presents the report template used to summarize disease classification, follow-up recommendations, referral status, and image archiving after each examination.

Supplementary Table 3: Follow-up and referral decision matrix for bedside ROP screening. The table summarizes the recommended follow-up intervals and referral actions according to retinal findings and disease severity.

Supplementary File 1: Informed consent for Retinopathy of Prematurity (ROP) screening. The table provides the template used for parent or legal guardian consent before bedside retinopathy of prematurity screening.

DISCUSSION: 
This article describes a structured bedside workflow for retinopathy of prematurity (ROP) screening in neonatal wards and neonatal intensive care units (NICUs). The protocol integrates screening eligibility assessment, pre-examination preparation, bedside retinal examination, adjunct image acquisition when indicated, ICROP3-based documentation, follow-up planning, referral, and post-examination care into a single operational sequence. Rather than establishing a new diagnostic standard, the protocol is intended to provide a practical framework for more uniform bedside implementation of established ROP screening principles.

Compared with non-standardized bedside practice, a structured workflow may help clarify team roles, improve the completeness of documentation, and make follow-up planning more transparent. This potential advantage is particularly relevant in programs in which multiple personnel participate in screening, where repeated bedside examinations are performed over time, or where secondary review and remote consultation are incorporated into the clinical pathway19. In contrast, image-based screening or telemedicine-assisted screening may provide advantages in settings with limited access to trained bedside examiners, whereas direct binocular indirect ophthalmoscopy with scleral depression remains the core clinical examination method for bedside classification and treatment decision-making. The present protocol, therefore, positions adjunct imaging as a supportive documentation tool rather than a replacement for the core bedside examination.

Several practical modifications to the method may be necessary according to the local setting. In centers with high patient volume, some preparatory steps, such as registry preparation, pupillary dilation, vital sign assessment, and record setup, may be completed in parallel for multiple infants by nursing staff, physician assistants, or ROP coordinators before the ophthalmologist begins the bedside examination. In contrast, in lower-volume units, the entire workflow may be completed sequentially for one infant at a time. Similarly, the degree of direct neonatologist involvement may vary according to unit structure, patient acuity, and local staffing patterns. These adaptations do not alter the core examination sequence, but they may improve workflow efficiency and reduce unnecessary bedside delays.

Troubleshooting is also important during bedside implementation. Inadequate pupil dilation, corneal dryness, media opacity, infant movement, and systemic instability may reduce examination quality or interrupt completion of the protocol. When these problems occur, the examiner may need to delay classification, improve ocular surface clarity, repeat visualization, request adjunct imaging, or escalate the case for senior review. Difficulty in judging plus disease or distinguishing vascular immaturity from pathologic vascular change may also require repeat examination or image-supported reassessment, particularly in borderline cases20. For this reason, the use of predefined interruption criteria, image adequacy criteria, and secondary review pathways is an important operational component of the workflow.

The practical applicability of this protocol is likely greatest in centers that have access to trained ophthalmologists, neonatal monitoring, nursing support, and systems for standardized documentation and follow-up. However, implementation may be more challenging in settings with limited personnel, limited imaging access, or incomplete ophthalmic coverage. In such contexts, adaptation of screening thresholds, team structure, or image-supported consultation pathways may be necessary. This point is particularly important because ROP screening programs may differ substantially across institutions and countries, and local adaptation remains essential for safe and effective implementation. This need for local adaptation is particularly relevant in low- and middle-income settings, where the screened population, resource availability, and care pathways may differ substantially from those in tertiary referral centers. In some institutions, infants at risk for ROP may not fit traditional gestational age or birth weight thresholds derived from highly resourced settings, and access to ophthalmologists trained in bedside indirect ophthalmoscopy may be limited. Under these circumstances, adaptation of screening eligibility criteria, redistribution of team responsibilities, and greater reliance on image-supported review or telemedicine-assisted consultation may be necessary to maintain practical and safe implementation.

This protocol also has potential future applications beyond routine bedside examination. A structured screening workflow may support the development of more consistent documentation systems, facilitate remote expert review, and provide an operational basis for training new personnel in bedside examination and reporting. In addition, protocols of this type may be useful for integrating bedside examination with digital image archiving, longitudinal comparison, and telemedicine-supported review pathways19. Future work should evaluate implementation outcomes, including feasibility, completion rates, documentation quality, safety, interobserver agreement, and workflow performance across different clinical environments.

Several limitations should be acknowledged. First, this manuscript describes an operational workflow and does not itself establish superiority over other screening models. Second, some procedural thresholds and workflow details may require local adjustments based on institutional monitoring standards, staffing, and available equipment. Third, adjunct imaging availability and examiner expertise may differ across centers, potentially influencing how fully the protocol can be implemented. For these reasons, the protocol should be interpreted as a structured, bedside practice framework grounded in current ROP screening principles rather than as a universally fixed model.
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