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Purpose: To obtain consensus on the key areas of burden associated with existing devices and to understand the requirements for 
a comprehensive next-generation diagnostic device to be able to solve current challenges and provide more accurate prediction of 
intraocular lens (IOL) power and presbyopia correction IOL success.
Patients and Methods: Thirteen expert refractive cataract surgeons including three steering committee (SC) members constituted 
the voting panel. Three rounds of voting included a Round 1 structured electronic questionnaire, Round 2 virtual face-to-face meeting, 
and Round 3 electronic questionnaire to obtain consensus on topics related to current limitations and future solutions for preoperative 
cataract-refractive diagnostic devices.
Results: Forty statements reached consensus including current limitations (n = 17) and potential solutions (n = 23) associated with 
preoperative diagnostic devices. Consistent with existing evidence, the panel reported unmet needs in measurement accuracy and 
validation, IOL power prediction, workflow, training, and surgical planning. A device that facilitates more accurate corneal measure-
ment, effective IOL power prediction formulas for atypical eyes, simplified staff training, and improved decision-making process for 
surgeons regarding IOL selection is expected to help alleviate current burdens.
Conclusion: Using a modified Delphi process, consensus was achieved on key unmet needs of existing preoperative diagnostic 
devices and requirements for a comprehensive next-generation device to provide better objective and subjective outcomes for 
surgeons, technicians, and patients.
Keywords: next-generation diagnostic device, measurement accuracy and validation, IOL power prediction, surgical planning, 
cataract surgery

Introduction
A preoperative evaluation for refractive cataract surgery includes collection of eye measurements, identification of 
underlying eye conditions, calculation of intraocular lens (IOL) power, and selection of the IOL intended to correct 
aphakia and pre-existing refractive errors such as presbyopia or astigmatism. Despite recent innovations, refractive 
cataract surgeons still encounter limitations of existing preoperative evaluation diagnostic devices that may lead to 
challenges in measurement accuracy and validation,1–3 IOL power prediction,3–5 surgeon confidence in IOL selection,6–9 
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and achieving target refractive outcomes for patients.2,3 Current literature suggests that on average, surgeons achieve 
within ±0.5 Diopters (D) of target 76% of the time, with a range from 70% to 90%.5,10–12 In addition, there is a clear 
unmet need to improve and standardize the preoperative diagnostic process to increase the predictability of refractive 
outcomes for eyes with atypical measurements.5,10,11,13 Multiple devices are typically needed to complete a preoperative 
evaluation for refractive cataract surgery, which can negatively impact workflow efficiency, technician training require-
ments, and increase costs associated with equipment maintenance.6,14–18

Existing burden of preoperative refractive cataract evaluations has not been holistically reviewed in the literature. 
This study used a modified Delphi process to obtain consensus on the key burden associated with existing preoperative 
diagnostic devices and to understand what the requirements may be for a comprehensive next-generation diagnostic 
device to solve current challenges, generate new parameters for more accurate IOL power predictions, prediction of 
patient reported outcomes, and provide benefits for surgeons, technicians, and patients. Due to variation in practice across 
regions, reaching consensus on these topics is important to help optimize future decision-making and solutions.

Materials and Methods
Modified Delphi Method
The Delphi method uses an iterative approach for the purpose of attaining consensus of opinions from a panel of experts 
in the subject area under consideration.19,20 In medicine, the Delphi method can be used to forecast trends, develop 
clinical guidelines, inform policy, and aid in decision-making.21 The method consists of consecutive rounds of consensus 
building combined with controlled feedback of information to panelists.19 For each round, responses are collected 
through anonymous polling, the results are qualitatively and/or quantitatively summarized, and panelists are provided an 
opportunity to revise earlier answers after a review of other panelist responses.20 A descriptive statistical summary of the 
quantitative results (ie, measures of central tendency and level of dispersion) allows for an objective analysis.20

This study was conducted from September 2021 to December 2021 and used a modified Delphi method with 3 rounds 
of voting, including a Round 1 structured electronic questionnaire, Round 2 virtual Delphi panel meeting, and Round 3 
electronic questionnaire (Figure 1). Traditionally, the first round of a Delphi study begins with an open-ended ques-
tionnaire to solicit specific information about the content area from the Delphi subjects.22 This approach was modified in 
the current study to use a structured questionnaire based on literature review and input from the steering committee (SC) 
members to initiate consensus building in Round 1. This modification is common when basic information is available for 
the subject matter of the study.22 The subsequent rounds of a traditional Delphi use structured questionnaires and provide 
controlled feedback to panelists from previous rounds for response modification. In this study, a virtual “face-to-face” 

Figure 1 Schematic of the modified Delphi method utilized in the study.
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meeting was used in place of a structured questionnaire to facilitate interactive discussions in real time to modify, 
eliminate, prioritize, or develop new messages. This approach helped to generate discussion between panelists and 
provide efficiency in the consensus-building process while maintaining anonymous voting.

For this study, a next-generation device was defined as a comprehensive, whole eye analyzer that captures all the data 
required to complete a preoperative evaluation for refractive cataract surgery. Data required for a complete preoperative 
evaluation included biometry, refraction, two methods of measuring the corneal curvature, measurement of eye optical 
quality, tear film assessment, and high-resolution macula imaging.

Participant Selection and Recruitment
Criteria for participant selection included locally or internationally recognized expertise, a minimum of 5 years of 
experience and at least 1 peer reviewed publication or congress educational presentation on cataract refractive surgery, 
diagnostics, IOL power calculations, and premium IOLs. Thirteen refractive cataract surgeons were recruited including 
three SC members (Bonnie An Henderson, Jaime Aramberri, and Robin Vann) and ten panel members. The number of 
participants was chosen based on ranges suggested by literature20,23 and by the feasibility of having all participants attend 
the Round 2 virtual Delphi panel meeting. All SC members and panelists participated in voting during each round. This 
research was exempt from review and approval by an institutional review board or ethics committee, as it did not involve 
patients/people, medical records, or human samples.

Steering Committee and Round 1 Structured Electronic Questionnaire
Virtual meetings were conducted by the SC to discuss the findings of a structured literature review of limitations of 
diagnostic devices used in preoperative cataract-refractive evaluation and identify key burden and solution topics to 
inform the Round 1 structured electronic questionnaire. The questionnaire included three question types: qualitative, 
quantitative, and information-gathering. Panelists responded to qualitative questions with a level of agreement using 
a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), and the percentage of scores, mean, 
median, mode, standard deviation, and range were calculated for each statement in each voting round. Additionally, other 
qualitative questions used a multi-point Likert scale to assess the level of improvement, level of importance, or level of 
need (Figure 2). Quantitative questions requested an estimate of burden or value, and information-gathering questions 
were open-ended and related to panelist experience in areas that were under-represented in the literature.

a Data generated from these scales were used to refine consensus statements tested in the next round 

for level of agreement and yes/no dichotomous response.

(5) Strongly agree
(4) Agree
(3) Neutral
(2) Disagree
(1) Strongly disagree

Level of agreement

(4) Substantial 
improvement

(3) Some 
improvement

(2) No improvement
(1) Unsure

Level of 
improvementa

(5) Extremely 
important

(4) Very important
(3) Slightly important
(2) Not at all 

important
(1) Unsure

Level of importancea

(5) Exceeds needs
(4) Meets need
(3) Neutral
(2) Does not meet 

need
(1) Unsure

Level of needa

Figure 2 Illustration of the multi-point Likert scales utilized to assess consensus.
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Round 2 Virtual Meeting
Aggregated results from the Round 1 questionnaire were presented to the panel at a video conference for review and 
discussion. When consensus was not achieved in Round 1, clinical discussions were facilitated by the SC to revise 
statements in real time, followed by a second voting round. Quantitative estimate queries were refined or clarified to help 
with precision of panelist responses.

Round 3 Structured Electronic Questionnaire
A third voting round included an electronic questionnaire based on results from Round 2. Panelists were presented with 
qualitative and quantitative data from previous rounds of the study and rated their level of agreement on a newly 
developed statement.

Consensus
A pre-specified threshold of ≥70% agreement was required for consensus on a multi-point Likert scale or a yes/no 
dichotomous response.24,25 The decision to stop the Delphi process for a given topic was based on reaching the 
consensus threshold and/or completion of 3 rounds. For quantitative estimates, at least one opportunity was provided 
for panelists to revise a previous estimate based on review of an aggregate panel result.

Results
Thirteen surgeon panelists participated in the study. Participating regions included USA (n = 8 surgeons), Israel, Italy, 
Japan, Norway, and Spain (n = 1 surgeon each). A total of 40 consensus statements collected from Round 1 to 3 of the 
study were included and discussed. Seventeen consensus statements were related to current limitations associated with 
existing preoperative cataract diagnostic devices (Table 1, Statements 1 to 17), and 23 consensus statements were related 
to future solutions (Table 2, Statements A to W).

Measurement Accuracy and Validation
Current Limitations: Statements 1 to 5
Many aspects of existing technologies for preoperative refractive cataract evaluation do not meet surgeon needs or have 
room for improvement (statement 1; median: 4; range: 1–5) (Table 1). Limitations of existing technologies included an 
inability of optical biometers and anterior eye analyzers to produce accurate measurements of posterior corneal 
astigmatism and total corneal topography (statement 4; median: 4; range: 2–5), inability of devices to account for patient 
factors such as head alignment variation between measurements (statement 5; median: 4; range: 3–5), and inability to 
achieve inter-device agreement which impacts confidence in IOL selection (statement 3; 100% agreement).

Panelists estimated ≥2 devices per practice are used to collect corneal measurements (statement 2; median: 5; range: 
1–5). Eighty-five percent (n=11/13) of panelists were unsatisfied with the consistency of axis of corneal astigmatism 
between devices. When measurements between devices result in disagreement, strategies to address the problem included 
treating a related underlying pathology and remeasuring another day or using the average measurement sourced from 
multiple devices. Thirty-eight percent (n=5/13) of panelists reported no gold standard approach to address measurement 
disagreement. An average of 39 additional minutes (median: 30 minutes; range: 10–120 minutes) and an average of 11 
additional minutes (median: 10 minutes; range: 5–20 minutes) were required to collect remeasurements on a separate day 
(including patient check-in, measurement collection by technician) and complete a second review of the measurement 
data, respectively. On average, 13% (median: 5%, range: 0–90%) of patients with astigmatism receive a non-toric IOL 
due to disagreement of astigmatism magnitude and axis between devices.

Potential Solutions: Statements A to D
Panelists agreed an ideal device would have several innovative features. This includes the ability to evaluate different data 
points collected by multiple technologies to inform accurate IOL power calculation (statement A; median: 4; range: 2–5). It 
should incorporate a technology for primary corneal measurement and a technology for corneal measurement validation. By 
identifying the source of measurement disagreements and providing guidance on when to remeasure, the device would 
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Table 1 Consensus Statements Related to Current Limitations Associated with Existing Preoperative Cataract-Refractive Diagnostic 
Devices

Topic 
(Statement 
Number)

Consensus Statements Mean Median Mode SD Range Level of 
Agreement

Measurement 
Accuracy and 

Validation (1)

”Many aspects of preoperative cataract-refractive evaluation 
do not meet surgeon needs or have room for improvement.”

4.1 4 4 1.1 1–5 85%

Measurement 

Accuracy and 

Validation (2)

“Two or more devices are needed to measure corneal shape 

(keratometry, topography, etc.) for managing cataract- 

refractive patients.”

4.4 5 5 1.1 1–5 85%

Measurement 
Accuracy and 

Validation (3)a

“If there is disagreement of magnitude and/or axis of 
astigmatism between devices, I feel less comfortable 

prescribing a toric IOL, and/or this requires further discussion 

with the patient.”

- - - - - 100%  
(n=13/13)

Measurement 

Accuracy and 
Validation (4)

“Despite biometry improvements from Scheimpflug and SS- 

OCT innovation, motion artifact is still preventing companies 
from developing devices that provide highly accurate 

measurements of the posterior corneal astigmatism and total 

corneal topography”

3.9 4 4 0.8 2–5 77%

Measurement 

Accuracy and 
Validation (5)

“One of the common reasons keratometry and topography 

axes disagree between devices is because separate devices 
cannot account for difference in patient head alignment 

between one another during measurement capture.”

4.2 4 4 0.6 3–5 92%

IOL Power 

Prediction 

Formulas (6)

“Approximately 5% to 15% of patients have atypical eyes that 

are difficult to accurately model using existing IOL power 

prediction formulas, which increases the likelihood of 
unpredictable refractive outcomes; therefore, new approaches 

to IOL power prediction calculations are needed.”

4.3 4 4 0.5 4–5 100%

IOL Power 

Prediction 

Formulas (7)

“Today’s IOL power prediction formulas are still unable to account 

for every patient-specific variable that can impact the predictability 

of the refractive outcome, especially in atypical eyes”

4.6 5 5 0.5 4–5 100%

IOL Power 

Prediction 
Formulas (8)

“Patient visual outcomes may be impacted by not accurately 

assessing pre-op lens and post-op IOL tilt.”

4.3 4 4 0.6 4–5 92%

Workflow (9) “Because of the need to get accurate outcomes when 
implanting premium IOLs today, multiple preoperative devices 

are required in order to provide a comprehensive 

preoperative cataract-refractive evaluation before premium 
IOL decisions can be made.”

4.7 5 5 0.5 4–5 100%

Workflow (10) “Measurement inaccuracy that impacts refractive outcomes 
can lead to patient dissatisfaction, longer chair-time, additional 

follow-up visits, and lost revenue opportunities.”

4.8 5 5 0.4 4–5 100%

Technician Skill 

and Training (11)

“Technicians’ skills vary across facilities, and approximately 25 

hours of training is needed per technician for cataract- 

refractive evaluation practice.”

3.8 4 4 0.4 3–4 83%

(Continued)
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become less technician dependent and minimize the need for patients to return for remeasurements (statement B; 92% 
agreement). Furthermore, the device should be able to remove motion artifact to improve anterior and posterior corneal 
measurement accuracy, and provide a recommendation on which keratometry and biometric values from the different 
technologies to utilize for the IOL calculation (statement C; median: 5; range: 3–5). Such a device could standardize 
assessment and decision-making in the preoperative refractive cataract evaluation (statement D; median: 4; range: 3–5). The 
panel proposed 9 future innovation needs associated with a cataract diagnostic technology (Figure 3), including 
a technology that could instantly capture a snapshot of hundreds of thousands of data points across the entire cornea and 
an emphasis on the ability to determine the root cause(s) of prediction error and prediction of postoperative IOL tilt and 
effective lens position.

IOL Power Prediction Formulas
Current Limitations: Statements 6 to 8
Panelists estimated 5% to 15% of patients possess some type of atypical eye which may be difficult to model (statement 
6; median: 4; range: 4–5) (Table 3). Existing IOL power prediction is unable to account for every patient-specific 
variable, especially for atypical eyes (statement 7; median: 5; range: 4–5). Limitations remain in the ability of 
preoperative diagnostic device and associated IOL formula to predict the final position of the IOL (statement 8; median: 
4; range: 4–5).

Table 1 (Continued). 

Topic 
(Statement 
Number)

Consensus Statements Mean Median Mode SD Range Level of 
Agreement

Technician Skill 

and Training (12)

“Technicians require approximately 5 hours of training 

per year to maintain competency in using all devices to 

complete a preoperative cataract-refractive evaluation.”

4.2 4 4 0.4 4–5 100%

Technician Skill 

and Training (13)

“Subjective refraction requires a lot of training and motivation 

of the technicians to learn this skill to a high standard. As 
a result, many practices who rely on technicians for subjective 

refraction will be documenting inaccurate postoperative 

refractive outcomes.”

4.1 4 4 0.7 3–5 77%

Surgical  

Planning (14)

“Existing preoperative cataract-refractive diagnostic devices 

do not allow surgeons to confidently provide a prediction of 
subjective patient satisfaction.”

4.3 4 5 0.7 3–5 83%

Surgical  
Planning (15)

“Inability to predict who will experience dysphotopsias limits 
a surgeon’s ability to set expectations with patients.”

4.5 5 5 0.5 4–5 100%

Workflow and 
Device  

Features (16)

“Top limitations that cataract-refractive surgeons may face by 
replacing multiple preoperative cataract-refractive diagnostic 

devices with a single all-in-one device include cost, device 

downtime, and adjustment for staff.”

4.1 4 4 0.3 4–5 100%

Workflow and 

Device  
Features (17)

“Top aspects of an all-in-one device that would make cataract- 

refractive surgeons hesitant to purchase one include cost, 
dependency on one device, and concerns about quality and 

accuracy of measurements.”

4.4 4 4 0.5 4–5 100%

Note: aYes/no dichotomous response. 
Abbreviations: SD, standard deviation; SS-OCT, swept-source optical coherence tomography.
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Table 2 Consensus Statements Related to Future Solutions Provided by an All-in-One Preoperative Cataract-Refractive Diagnostic 
Device

Topic 
(Statement 
Number)

Consensus Statements Mean Median Mode SD Range Level of 
Agreement

Measurement 
Accuracy and 

Validation (A)

“An analytics engine that is able to evaluate multiple data 
points and provide a data-driven recommendation of which 

keratometry and biometry values should be used in the IOL 

power prediction formula for each patient would be a highly 
valuable asset to my practice”

4.2 4 5 0.9 2–5 85%

Measurement 
Accuracy and 

Validation (B)a

“If one device with multiple technologies could review all the 
different data points to identify inconsistencies and advise 

technicians when and what to re-measure while the patient is 

still at the device, then the likelihood of having data that 
supports confident decision-making would be less technician 

dependent, and the likelihood of requiring a patient to return 

another day for remeasurements would be reduced”

- - - - - 92%  
(n=12/13)

Measurement 
Accuracy and 

Validation (C)

“If a new OCT technology could instantly capture hundreds of 
thousands of data points across the entire cornea and lens, 

and eliminate motion artifact, this could increase the accuracy 

of measurements for anterior surface of the cornea, posterior 
surface of the cornea, and anterior and posterior curvature of 

the natural lens”

4.4 5 5 0.7 3–5 92%

Measurement 

Accuracy and 

Validation (D)

“There is no one specific strategy to address disagreement in 

corneal shape measurements, however, a technology that 

could identify the source of corneal shape measurement 
disagreement could help to standardize this process.”

4.4 4 4 0.6 3–5 92%

IOL Power 
Prediction 

Formulas (E)

“A diagnostic device that could accurately measure the 
preoperative natural lens morphology and the final 

postoperative IOL position could be used to build new IOL 

power prediction algorithms that accurately account for 
effective lens position.”

4.5 4 4 0.5 4–5 100%

IOL Power 
Prediction 

Formulas (F)

“If a diagnostic device that could accurately measure the 
preoperative natural lens morphology and the final 

postoperative IOL position could be used to build new IOL 

power prediction algorithms that accurately account for 
effective lens position, then the refractive outcomes would be 

expected to improve.”

4.6 5 5 0.6 3–5 92%

IOL Power 

Prediction 

Formulas (G)

“A diagnostic device that could accurately measure the 

preoperative natural lens morphology and the final 

postoperative IOL position could be used to build new IOL 
power prediction algorithms that accurately account for post- 

op IOL tilt.”

4.2 4 4 0.8 2–5 92%

IOL Power 

Prediction 

Formulas (H)

“If a technology compiles, synthesizes, and validates multiple 

data outputs to generate an accurate 3D model of an 

individual patient’s eye, then these data could be used to 
calculate the optimal IOL power even in atypical eyes”

4.3 4 4 0.5 4–5 100%

(Continued)
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Table 2 (Continued). 

Topic 
(Statement 
Number)

Consensus Statements Mean Median Mode SD Range Level of 
Agreement

IOL Power 

Prediction 

Formulas (I)

“If given an accurate 3D model of an individual patient’s eye 

then using software that contains ray tracing algorithms is the 

optimal approach to calculate IOL power in atypical eyes”

4.2 4 4 0.4 4–5 100%

IOL Power 

Prediction 
Formulas (J)

“A ray tracing formula that knows the exact IOL physical 

properties and dimensions would be more accurate than one 
using generic IOL values”

4.3 4 4 0.5 4–5 100%

Workflow (K) “If an all-in-one device could collect all preoperative 
measurements, perform measurement cross-validation, and 

simplify IOL planning using one set of software or a single 

software ecosystem, then it could reduce preoperative 
cataract-refractive evaluation time by approximately 45%.”

4.3 4 4 0.5 4–5 100%

Workflow (L) “If a device were able to combine patient psychometric 
questionnaires, validation of patient biometric suitability, and 

patient communication tools that inform expected surgical 

outcomes, then less time would be needed to communicate 
preoperative cataract-refractive evaluation results with 

patients.”

4.3 4 4 0.5 4–5 100%

Workflow (M) “Despite the belief that a dry eye evaluation is important, 

surgeons often do not use preoperative cataract-refractive 

diagnostic devices for this purpose. If a tool incorporated dry 
eye testing, then surgeons may be more likely to include it in 

their routine.”

4.5 5 5 0.5 4–5 100%

Workflow (N) “A device that includes both biometry and tear film 

assessment as it relates to dry eye screening for cataract 
surgery would help cataract surgeons identify good and poor 

candidates for premium IOLs more easily.”

4.6 5 5 0.5 4–5 100%

Workflow (O) “A single device for preoperative cataract-refractive 

measurements that provides streamlined testing is expected 

to provide efficiencies in time, space, and training, lead to 
better patient outcomes and satisfaction, and long-term cost 

savings.”

4.8 5 5 0.4 4–5 100%

Workflow (P) “Eventually technology and innovation will allow us move away 

from using just biometers and topographers or combo-units 

to using whole eye analyzers for preoperative cataract- 
refractive evaluations.”

4.5 5 5 0.7 3–5 85%

Technician Skill 
and Training (Q)

“If a device were able to automate many of the critical 
measurement steps, as well as provide built-in training and 

feedback to technicians on troubleshooting or when to re- 

take measurements, then this is expected to reduce 
preoperative cataract-refractive evaluation by up to 50%”

4.2 4 4 0.7 3–5 85%

(Continued)
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Potential Solutions: Statements E to J
Improving the accuracy of preoperative measurement of crystalline lens morphology and final postoperative IOL position will 
help optimize effective lens position (statement E; mean: 4; range: 4–5) and IOL tilt (statement G; mean: 4; range: 2–5), which 
would subsequently improve refractive outcomes (statement F; median: 5; range: 3–5). Panelists estimated an average of 20% 
(median: 20%; range: 5%–60%) and 11% (median: 10%; range: 2%–35%) increase in patients achieving target refraction 
would be expected if a diagnostic device could account for effective lens position and postoperative lens tilt, respectively. If 
technology could compile, synthesize, and validate multiple data outputs to generate an accurate 3D model of the eye 
(statement H; mean: 4; range: 4–5), then utilizing software with ray tracing algorithms would be an ideal approach for IOL 
power calculations, particularly in atypical eyes (statement I; median: 4; range: 4–5). Inclusion of exact IOL physical 
properties such as lens type and power into the ray tracing formula may provide improvement in prediction compared with 
generic IOL values (statement J; median: 4; range: 4–5).

Table 2 (Continued). 

Topic 
(Statement 
Number)

Consensus Statements Mean Median Mode SD Range Level of 
Agreement

Technician Skill 

and Training (R)

“If a device were able to automate many of the critical 

measurement steps, as well as provide built-in training and 

feedback to technicians on troubleshooting or when to re- 
take measurements, then a practice would save money on 

training and become less dependent on their senior/ 

experienced technicians.”

4.5 5 5 0.5 4–5 100%

Surgical  

Planning (S)

“A preoperative diagnostic device that compiles, synthesizes, 

and validates multiple data outputs to help alert user of 
potential outliers will help to increase confidence in IOL 

selection and mitigate post-operative refractive surprises.”

4.6 5 5 0.5 4–5 100%

Surgical  

Planning (T)

“A single diagnostic device that collects all measurements 

needed for a preoperative cataract refractive evaluation, 

including validation topography, could make it easier for 
surgeons to make better and more confident decisions and 

help achieve better outcomes for patients”

4.5 5 5 0.5 4–5 100%

Surgical  

Planning (U)

“A diagnostic device that could predict post-op lens position, 

anterior chamber depth, pupil size and iris position could help 

to predict who is likely to experience dysphotopsias.”

3.8 4 4 1.1 1–5 85%

Surgical  

Planning (V)

“If a device were able to combine patient psychometric 

questionnaires, validation of patient biometric suitability, and 
patient communication tools that inform expected surgical 

outcomes, then IOL decision making would become less 

subjective, would increase surgeon confidence about 
recommending a premium IOL, and improve patient 

expectation management.”

4.3 4 4 0.5 4–5 100%

Surgical  

Planning (W)

“If a device incorporated software with machine learning to 

analyze postoperative parameters including objective 
refractive outcomes, A-constant, surgically induced 

astigmatism, and patient satisfaction, this could improve future 

IOL decision-making in new patients, reduce risk of patient 
dissatisfaction, and increase surgeon confidence.”

4.4 4 4 0.5 4–5 100%

Note: aYes/no dichotomous response. 
Abbreviations: OCT, optical coherence tomography; SD, standard deviation.
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Clinic Workflow and Efficiency
Current Limitations: Statements 9 to 10
Current need for multiple diagnostic devices to support decision-making for premium IOL selection may further contribute 
to workflow inefficiency (statement 9; median: 5; range: 4–5). Panelists identified addressing patient’s expectations, 
suboptimal eye measurements, premium IOL recipients, and ocular surface disease as factors that may lengthen discussion 
time with patients. The average time to complete the diagnostic component of a preoperative evaluation (excluding patient 
exam and discussion of results) was an estimated 58 minutes (median: 60 minutes; range: 30–90 minutes), and average time 
allocated for discussion of evaluation results was estimated at 19 minutes (median: 10 minutes; range: 3–60 minutes). 
Additional resource use may be associated with patients with unexpected refractive or visual outcomes including longer 
chair-time and more follow-up visits (statement 10; median: 5; range: 4–5).

Potential Solutions: Statements K to P
To enhance workflow efficiency, the panel reached consensus that an ideal device would collect all preoperative 
measurements, perform cross-validation, simplify IOL planning using one set of software, and provide patient-centric 
features to enhance patient-surgeon communication. These features would help reduce preoperative evaluation time by 
approximately 45% (statement K; median: 4; range: 4–5) and reduce time allocated to discussing results with patients by 
an average of 34% (median: 30%; range: 20%–75%). The panel highlighted the need for an integrated device that 
combines patient psychometric questionnaires, patient biometric validation, and patient communication tools as this 

Figure 3 Future innovation needs related to preoperative cataract-refractive diagnostic technologies and IOL calculation methods.

Table 3 Proportion of Patients Reported by Panel with Each Type of Atypical Eye That are Difficult to Accurately Model Using Existing 
IOL Power Prediction Formulas and Therefore More Likely to Lead to Unpredictable Refractive Outcomes

Type of Atypical Eye Average Estimated  
Proportion of Total Patients  

with Atypical Feature

Median SD Range

Short/long axial length 15.2% 10% 12.6 3–50

Corneal irregularities / post-corneal surgery 14.3% 10% 9.8 2–30

Anterior basement membrane dystrophy 10.3% 5% 9.4 1–35

Extreme anterior chamber depth and lens thickness relationships 7.5% 10% 4.2 2–15

Prior vitrectomy 7.1% 5% 8.2 0–30

Challenging white-to-white 5.3% 2% 7.8 0–30

Abbreviation: SD, standard deviation.
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would significantly reduce the time required to communicate evaluation results with patients (statement L median: 4; 
range: 4–5). As well, incorporation of a dry eye testing tool in a future diagnostic device would help standardize the 
preoperative process (statement M; median: 5; range: 4–5) as it relates to identifying candidates for premium IOLs 
(statement N; median: 5; range: 4–5). From a practice efficiency perspective, a comprehensive, whole eye diagnostic 
device may substantially reduce operational costs and administrative burdens such as maintenance and contract manage-
ment, respectively (statement O; median: 5; range: 4–5). Innovation should allow a shift from using multiple biometers, 
topographers, and other supplementary technologies for premium IOL implantation to a single whole eye analyzer in the 
future (statement P; median: 5; range: 3–5).

Technician Skill and Training
Current Limitations: Statements 11 to 13
On average, panelists estimated a ratio of 3.8 technicians: 1 surgeon per practice (median: 4, range: 1–6). Approximately 
25 hours of initial training (statement 11; median: 4; range: 3–4) and 5 hours of ongoing training (statement 12; median: 
4; range: 4–5) per year are required for technicians to achieve proficiency in using devices to perform a preoperative 
evaluation and to maintain competency, respectively. On average, 48% (median: 40%; range: 0–100%) of technicians can 
effectively identify measurement inconsistencies between devices. Competency in subjective refraction may be difficult 
to achieve for all technicians given the quantity of training and motivation needed. As a result, practices that rely on 
technicians to measure subjective refraction may be collecting inaccurate postoperative refraction outcomes and 
associated outcomes reporting (statement 13; median: 4; range: 3–5).

Potential Solutions: Statements Q to R
Panelists agreed that a diagnostic device with built-in training features available and the ability to provide specific, real- 
time feedback (eg, the need for troubleshooting or re-measurement) is expected to reduce training time up to 50% 
(statement Q; median: 4; range: 3–5) and reduce associated training costs. A device that automates critical steps in the 
measurement collection and validation process may reduce training needs and dependence on technician skill (statement 
R; median: 5; range: 4–5).

Surgical Planning
Current Limitations: Statements 14 to 15
For a toric or presbyopia-correcting IOL preoperative evaluation, the panel reported importance of including biometry, 
tomography, high resolution macular imaging, posterior corneal astigmatism, tear film assessment, and refraction. 
However, existing devices are unable to accurately predict surgical outcomes through the integration of both objective 
and subjective measurements, which hinders surgeons’ ability to set expectations with patients and decide if premium 
IOLs should be implanted (statement 14; median: 4; range: 3–5). Furthermore, accurately predicting the likelihood of 
dysphotopsia remains an ongoing challenge (statement 15; median: 5; range: 4–5).

Potential Solutions: Statements S to W
Multiple strategies were identified to help improve the surgical planning process and surgeon confidence in IOL 
selection. A device or supporting software that compiles, synthesizes, and validates multiple data outputs to alert user 
of potential outliers would improve surgeon confidence in IOL selection and reduce refractive surprises (statement S; 
median: 5; range: 4–5). By collecting all necessary measurements in a single device, including validation topography, 
surgeons could make informed decisions and achieve optimal outcomes for patients (statement T; median: 5; range: 4–5). 
Device capability to predict postoperative lens position, anterior chamber depth, pupil size, angle kappa, and iris position 
may help identify the likelihood of dysphotopsias (statement U; median: 4; range: 1–5). Tools to assess suitability of IOL 
choice and facilitate communication of expected surgical outcomes with patients, such as patient and IOL specific retinal 
point spread functions, would support recommendations for premium IOLs and help manage patient expectations 
(statement V; median: 4; range: 4–5). Future IOL decision-making could be improved by incorporating machine learning 
to analyze postoperative parameters including objective refraction, A-constant, surgically induced astigmatism, and 
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patient satisfaction to generate new algorithms for objective predictions of patient-reported outcomes (statement W; 
median: 4; range: 4–5).

Potential Challenges to Consider with an All-in-One Device
Statements 16 to 17
While an all-in-one device may bring efficiencies and improve patient outcomes, panelists identified potential limitations 
including device downtime, cost, and adjustment for staff (statement 16; median: 4; range: 4–5). Other considerations 
included dependency on a single device and measurement quality and accuracy (statement 17; median: 4; range: 4–5). 
Device downtime as a result of service or maintenance without backup units readily available at the site may delay 
diagnostic procedures and downstream workflow. As such, a comprehensive next-generation device should include the 
ability to perform real-time machine health analysis to predict and prevent device failure. Staff and surgeons may also be 
accustomed to using multiple diagnostic devices; therefore, it may require adjustment to feel confident working with one 
device. When evaluating a new diagnostic technology for purchase, it is important to weigh its upfront cost and potential 
long-term cost savings. Additionally, a transition period with multiple devices is a common approach to satisfy concerns 
about quality and accuracy of measurements.

Discussion
This is the first study to utilize a modified Delphi method to achieve expert consensus on the burden associated with 
current diagnostic devices and the potential solutions to these burdens. The utilization of the Delphi method was 
necessary to understand the limitations of the current devices in order to create the next generation of devices to address 
those deficits. The panelists agreed that there is room to improve the accuracy and validation of preoperative measure-
ments used in IOL power prediction calculations. Disagreement between devices in magnitude or axis of astigmatism can 
reduce surgeon confidence in recommending toric IOLs. This aligns with literature suggesting current swept-source 
optical coherence tomography (OCT) and Scheimpflug technologies may face challenges in defining the posterior corneal 
surface,26,27 and predicting refractive outcomes with accuracy and reproducibility.2,3 Measurement inaccuracy and 
validation challenges associated with existing diagnostic devices can impact downstream workflow efficiency, which 
may lead to patient dissatisfaction, and impact future patient interactions with the clinic.28 The risk of measurement 
failure may be increased in atypical eyes such as those with abnormal anterior to posterior corneal ratio, short or long 
eyes, and dense cataract.2,29–32 The experts agreed specific technological innovations could help to improve accuracy and 
confidence of measurements, including instantaneous collection of data points across the entire cornea and natural lens, 
eliminating motion artifact, and having one device use multiple technologies to collect and review measurements to help 
standardize the process and identify inconsistencies between measurement relationships. Although these advancements 
have yet to be tested in a clinical study, there is potential to transform IOL power prediction.

The panel identified factors that may contribute to suboptimal refractive outcomes, particularly in patients with 
atypical eyes (eg, long or short axial length, post-refractive surgery eyes). These findings helped identify the key 
challenges faced in achieving target refraction for atypical eyes with existing IOL prediction formulas, providing clarity 
on the subject matter.5,10,11,13,33 On average, literature reports that surgeons achieve within ±0.5D of target 76% of the 
time, with a range from 70% to 90%, and reduced prediction accuracy for atypical eyes.5,10–12,34 IOL formulas utilizing 
the theoretical derivation method still have room for improvement as they provide a simplified eye model that does not 
account for abnormal relationships between parameters in atypical eyes.5,10,11 The panel estimated between 5% and 15% 
of their patients are difficult to model with existing formulas, which highlights the need for devices and IOL power 
formulas to account for additional ocular characteristics such as preoperative natural lens tilt and postoperative IOL tilt. 
The panel agreed that innovative technology that can generate an accurate 3D eye model will help to calculate optimal 
IOL power, even for atypical eyes. Additionally, the panel reached consensus that ray tracing incorporating specific lens 
and IOL morphology data may help to overcome the limitations of existing formulas in accounting for outliers. Although 
their utility and effectiveness for atypical eyes require further exploration, ray tracing IOL formulas have demonstrated 
suitability for corneal irregularities and post-refractive eyes.13 By avoiding errors associated with standard formulas due 
to dependencies on assumptions such as keratometric index, anterior to posterior corneal curvature ratio, and effective 
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lens position, ray tracing methods may offer a promising opportunity to enhance IOL power calculation accuracy and 
predictability.35,36

Patients receiving premium IOLs (eg, toric IOL, presbyopia-correcting IOL) often pay out of pocket and may 
therefore have high expectations of their postoperative vision.37 Greater than 90% patient satisfaction can be achieved 
with premium IOLs;38 however, these IOLs are sensitive to misalignment and incorrect power calculations, which can 
make it challenging to achieve target refraction.39 Consequently, physician confidence in their ability to achieve target 
outcomes and meet expectations can impact toric and presbyopia-correcting IOL adoption.40 The panel agreed that there 
is a need for a next-generation, whole eye analyzer to enable comprehensive screening, help surgeons to communicate 
expectations with patients, and enhance physician confidence in achieving target outcomes. In this study, surgeons 
identified multiple features a next-generation, whole eye analyzer would need to facilitate comprehensive screening for 
premium IOL suitability. Importantly, helping patients to achieve their vision goals with premium IOLs may also help to 
support practice reputation, performance, and growth.28,37,41 Empirical research examining the impact of a whole eye 
analyzer on premium IOL adoption may provide further validation of these Delphi study findings.

With an aging population, increasing patient expectations, and the demand for preventative eye care, there is a need 
for skilled technicians.17,18 Technician expertise can impact quality measures such as biometry, image acquisition, and 
procedural efficiency.42–44 In this study, panelists estimated that approximately half of technicians can competently 
identify inconsistencies in inter-device measurements and perform remeasurement. This aligns with existing literature 
that there is room for improvement in ophthalmic technicians’ competency in identifying outliers.45 In general, the 
learning curve for ophthalmic technicians varies, but may be considerable for some6,14,18 and 6 to 12 months may be 
needed to achieve competency.17 Panelists agreed that in-built training and automation of critical measurement steps will 
help to reduce training burden, dependency on technician expertise, and preoperative evaluation time. Additionally, 
standardizing staff training may help to improve clinic workflow and increase efficiency.16 Future research may prioritize 
evaluating the effectiveness of in-built training modules and automated measurement steps in diagnostic devices to 
improve measurement accuracy and patient outcomes.

The potential benefits of a whole eye analyzer for a preoperative refractive cataract evaluation for improving patient 
outcomes and providing efficiency in time, space and technician training were rated highly by the panel. Interventions to 
reduce time between measurements and optimize technician training have helped to improve efficiency and patient 
throughput in a retina practice setting.46 While cost, reliance on a single device, and adapting to a new workflow may be 
of concern to some practices, the value of improving patient outcomes and increasing efficiency may offset hesitations 
regarding conversion to a comprehensive whole eye analyzer for a preoperative refractive cataract evaluation. 
Innovations in surgical planning software that integrate postoperative data and synthesize preoperative measurements 
from multiple devices may also be a solution for surgeons hesitant to transition to a whole eye analyzer;47 however, 
combining planning software with a whole eye analyzer may be the best solution to address inter-device measurement 
issues highlighted by the panel in this study.

Perspectives of surgeons from multiple regions were captured by the study. Using the input of the expert 
panelists, statements were formulated and/or reformulated to accurately reflect the unmet needs and potential 
solutions in the refractive cataract surgery space. Although consensus was specified a priori as ≥70%, the 
consensus among the study participants was much closer (average 94%) for all the questions and statements. 
Of note, 6 of the 40 statements were revised according to the suggestions provided by the SC and panel experts 
during the virtual meeting to achieve consensus, which contributed to the 94% average. Quantitative estimates of 
burden and proposed solutions were reviewed and refined if deemed necessary during Round 2, and a range of 
results were reported for transparency of the breadth of panelist responses. After refinement of quantitative 
queries, the remaining variation reflected in the range of results may reflect different practice patterns, expecta-
tions from surgeons, and experience levels of clinic staff or technicians. A future prospective study should assess 
measurement accuracy and validation, IOL power prediction accuracy, workflow, surgical planning, and training 
associated with a whole eye analyzer for preoperative cataract-refractive evaluation to help understand its benefits 
for surgeons, technicians, and patients.
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Conclusion
In conclusion, this modified Delphi study achieved consensus for current burden and future solutions for preoperative 
refractive cataract evaluation diagnostic devices. Innovation in preoperative diagnostic devices and their associated 
analytics software is highly anticipated to improve patient outcomes, surgeon confidence, and provide long-term 
efficiencies.
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