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Background
As part of this programme a cataract patient reported outcome measure has been developed, Cat‑PROM5. The psychometric properties of the instrument are good to excellent. Having confirmed robust performance of Cat-PROM5, the next step for the programme was to develop statistical models which provide for preoperative prediction of self-reported postoperative outcomes. Construction of two types of prediction models would be helpful to patients preoperatively to provide estimates of their likely postoperative benefits, should they choose to proceed with surgery. These two models would be designed to inform patients about 
1. Their final self-reported outcome and 
2. Their improvement in self-reported vision from before to after surgery.
Our earlier work, updated and validated as part of the programme, developed risk models for predicting the probability of a patient having an adverse even from cataract surgery. Two adverse events were modelled, the index operative complication (Posterior Capsule Rupture - PCR) and visual damage related to the surgery (Visual Acuity Loss - VA Loss). Our previous research demonstrated that the predicted probability of a surgical complication varies by as much as 50-fold, depending on the characteristics of the patient and the eye for surgery. When a PCR complication arises, there is a six-fold greater chance that vision will be significantly worse after surgery than before, i.e. VA Loss. Some of the reasons for this higher rate of vision loss following an operative complication include a 40-fold increased risk of a retinal detachment developing and an eight-fold increased risk of a serious and potentially blinding infection arising. 

Personalising risks of adverse outcomes according to an individual patient’s characteristics is important for a range of reasons, including for example, better informed consent preoperatively, and ensuring that complex surgical cases are operated on exclusively by highly experienced surgeons to optimise the chances of a good outcome.  Similarly, personalising estimates of likely benefit is equally important, so that a patient approaching surgery can consider the likelihood of having visual benefit, alongside the risks of coming to harm. An important aspect of the research programme is to address this information need. 

Aim
· To develop a prediction model for personalised prediction of self-reported Cat‑PROM5 outcome after cataract surgery
· To develop a benefits prediction model for personalised prediction of self-reported improvement in Cat‑PROM5 score from before to after cataract surgery

Method
As part of the programme, a cohort study named Predict-CAT was undertaken to profile patients preoperatively and to follow them through surgery and record their outcomes in detail postoperative. A target sample of 1500 patients was planned, anticipating a 20% loss to follow-up rate, the desired retained sample was 1200. Two centres took part in recruitment, Bristol and Gloucestershire. Patients were recruited at the preoperative stage, mostly in preoperative assessment clinics, and those wishing to participate were seen twice in research clinics, once before and once after their cataract surgery. A full general and ocular history was taken, along with a full eye examination preoperatively. A less intense postoperative assessment was undertaken, which included a full examination of the eye which had undergone surgery. STROBE guidelines were followed as relevant. 

Participants
Full recruitment of 1506 participants was achieved, with 1204 patients recruited in Bristol and 302 in Gloucestershire. Figure 1 shows the final recruitment figures with 1243 participants completing the study. Following cleaning of data and accounting for missing data items there remained 1181 participants with valid data for analysis.



Figure 1. The final Predict-CAT recruitment status. 
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Statistical Analysis
Among the 1181 participants with valid data there remained scattered missing data items.  In order to preserve the sample from further attrition these missing data items were imputed using multivariate imputation by chained equations (MICE) in which 20 datasets were created with missing data replaced by imputed values, each entailing ten cycles of regression switching. This method relies on the Missing at Random (MAR) assumption. In parallel with the analyses based on the multiple imputation routine, complete case analyses were also undertaken (missing values ignored). These were based on 1089 complete cases. 
Initial descriptive analyses of candidate predictor and outcome variables was undertaken, followed by linear regression modelling of two Cat-PROM5 Rasch calibrated outcome variables. The final outcome was modelled as the postoperative score and the improvement from baseline as the difference between the pre- and postoperative scores (delta approach). Potential predictors were categorised into blocks according to a timeline order, earlier to later, and from the most general diseases to the most specific. All models included age, gender and the baseline Cat-PROM5 status as predictors regardless of their observed ‘statistical importance’. Skewed distributions were transformed if necessary and variables were entered into the model in ordered blocks and an F test performed for each block as a whole. If the p value for the block was above 0.05 then the whole block was rejected. Where the p value of the test for the block was less than 0.05, the specific predictors were examined and those with small effects iteratively removed. After each stage all the predictors were reviewed by an experienced ophthalmologist as to whether the list and the model made clinical sense and predictors without plausible clinical meaning removed. Following model construction, the model diagnostics were checked and acted upon if necessary.  

Results
The results of the modeling are presented here in tables 1 to 4. All effects are statistically important except the patient’s age. However, it was decided on theoretical/clinical grounds that age should be included in every model. All models explain around 30% of variance.

Final Cat-PROM5 Self-Reported Outcome
Models using imputed data and complete cases only are shown in Tables 1 & 2. The models are very similar. Model diagnostics (not shown) were satisfactory. 

Pre- to Postoperative Cat-PROM5 Self-Reported Score Change 
Models using imputed data and complete cases only are shown in Tables 3 & 4. Again, the models are very similar. Model diagnostics (not shown) were likewise satisfactory. 

Conclusion 
Based on the results of these analysis it will be possible to use these models to predict the likely final Cat-PROM5 outcome for individual patients as well as the change in score (typically an improvement with less self-reported visual difficulty) from before to after surgery. Simple spreadsheet calculators can be constructed which make prediction of outcomes easily accessible for surgeons. This personalised approach to information can provide patients with more realistic estimates of their likely benefit from surgery, and set alongside the risks of an adverse event, patients will be better placed to make well informed decisions about surgery. 








Table 1. Linear regression model for postoperative Cat-PROM5 score using imputation 

	Model obtained from 20 datasets with missings replaced by Multiple Imputation 
	m=20
	n=1,181
	 
	 
	[95% Conf.
Interval]

	Regressor approach. Predicted variable is the transformed score at follow-up:

	Coef.
	Std. Err.
	t
	P>t
	Lo
	Hi

	 Const.
	3.726
	0.019
	198.840
	0.000
	3.689
	3.763

	Baseline Cat-PROM5
	-0.010
	0.001
	-11.460
	0.000
	-0.012
	-0.008

	Age
	-0.0003
	0.000
	-1.010
	0.314
	-0.001
	0.000

	Women
	-0.010
	0.004
	-2.620
	0.009
	-0.018
	-0.003

	Patient is diabetic
	-0.015
	0.006
	-2.410
	0.016
	-0.027
	-0.003

	Medical history: endocrine disease
	0.017
	0.005
	3.360
	0.001
	0.007
	0.026

	 
	
	
	
	
	
	

	Number of ocular pathological problems:
(among glaucoma, diabetic retinopathy, age-related macular degeneration; other retinal vascular pathology; other macular pathology; ambylopia)
	
	
	
	
	
	

	One problem
	-0.011
	0.004
	-2.520
	0.012
	-0.020
	-0.002

	Two or more problems 
	-0.019
	0.007
	-2.870
	0.004
	-0.033
	-0.006

	 
	
	
	
	
	
	

	Other pathological history (different than those listed above) 
	-0.014
	0.004
	-3.390
	0.001
	-0.023
	-0.006

	ln(VA  habitual distance + 0.31) in operated eye
	0.034
	0.007
	5.290
	0.000
	0.022
	0.047

	VA unaided in better eye 
	-0.025
	0.006
	-4.260
	0.000
	-0.036
	-0.013

	VA corrected near in better eye
	-0.040
	0.011
	-3.520
	0.000
	-0.063
	-0.018

	Previous cataract surgery 
	0.026
	0.005
	5.400
	0.000
	0.016
	0.035

	Interaction term:
Previous cataract surgery # ln(VA habitual distance + 0.31) in worse eye  
	
	
	
	
	
	

	1
	-0.020
	0.010
	-2.020
	0.043
	-0.040
	-0.001

	 
	 
	 
	 
	 
	 
	 

	R2
	29.1%
	
	
	
	
	





Table 2. Linear regression model for postoperative Cat-PROM5 score using complete cases only (no missing data items) 

	[bookmark: _Hlk6309074]Model obtained from complete case analysis 
(missings ignored)

	
	n=1,089
	 
	 
	[95% Conf.
Interval]

	Regressor approach. Predicted variable is the transformed score at follow-up :

	Coef.
	Std. Err.
	t
	P>t
	Lo
	Hi

	 Const.
	3.721
	0.019
	192.410
	0.000
	3.684
	3.759

	Baseline Cat-PROM5
	-0.010
	0.001
	-10.620
	0.000
	-0.011
	-0.008

	Age
	0.0002
	0.000
	-0.580
	0.559
	-0.001
	0.000

	Women
	-0.009
	0.004
	-2.340
	0.020
	-0.017
	-0.001

	Patient is diabetic
	-0.017
	0.006
	-2.630
	0.009
	-0.029
	-0.004

	Medical history: endocrine disease
	0.018
	0.005
	3.520
	0.000
	0.008
	0.028

	 
	
	
	
	
	
	

	Number of ocular pathological problems:
(among glaucoma, diabetic retinopathy, age-related macular degeneration; other retinal vascular pathology; other macular pathology; ambylopia)
	
	
	
	
	
	

	One problem
	-0.011
	0.005
	-2.440
	0.015
	-0.020
	-0.002

	Two or more problems 
	-0.018
	0.007
	-2.620
	0.009
	-0.032
	-0.005

	 
	
	
	
	
	
	

	Other pathological history (different than those listed above) 
	-0.014
	0.004
	-3.140
	0.002
	-0.022
	-0.005

	ln(VA  habitual distance + 0.31) in operated eye
	0.041
	0.007
	6.150
	0.000
	0.028
	0.055

	VA unaided in better eye 
	-0.026
	0.006
	-4.370
	0.000
	-0.037
	-0.014

	VA corrected near in better eye
	-0.047
	0.012
	-4.030
	0.000
	-0.069
	-0.024

	Previous cataract surgery 
	0.023
	0.005
	4.610
	0.000
	0.013
	0.032

	Interaction term:
Previous cataract surgery # ln(VA habitual distance + 0.31) in worse eye  
	
	
	
	
	
	

	1
	-0.029
	0.010
	-2.850
	0.004
	-0.049
	-0.009

	 
	
	
	
	
	
	

	R2
	29.2%
	
	
	
	
	






Figure 1. Model Diagnostics (with imputation) for transformed Cat-PROM5 final score
A. Actual values of dependent variable vs. predictions
[image: ]

B. Distribution of residuals
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Table 3. Linear regression model for pre- to postoperative Cat-PROM5 score change using imputation

	Model obtained from 20 datasets with missings replaced by Multiple Imputation 
	m=20
	n=1,181
	 
	 
	[95% Conf.
Interval]

	Delta approach. Predicted variable is the change score (as a difference between follow-up and baseline measurement):

	Coef.
	Std. Err.
	t
	P>t
	Lo
	Hi

	 Const.
	-4.602
	0.748
	-6.150
	0.000
	-6.069
	-3.134

	Baseline Cat-PROM5
	-0.591
	0.035
	-16.780
	0.000
	-0.660
	-0.522

	Age
	0.007
	0.010
	0.700
	0.486
	-0.013
	0.027

	Women
	0.348
	0.154
	2.260
	0.024
	0.046
	0.650

	Patient is diabetic
	0.584
	0.242
	2.410
	0.016
	0.108
	1.059

	Medical history: endocrine disease
	-0.650
	0.196
	-3.310
	0.001
	-1.034
	-0.265

	 
	 
	 
	 
	 
	 
	 

	Number of ocular pathological problems:
(among glaucoma, diabetic retinopathy, age-related macular degeneration; other retinal vascular pathology; other macular pathology; ambylopia)
	 
	 
	 
	 
	 
	 

	One problem
	0.510
	0.175
	2.910
	0.004
	0.166
	0.853

	Two or more problems 
	0.917
	0.270
	3.390
	0.001
	0.387
	1.447

	 
	 
	 
	 
	 
	 
	 

	Other pathological history (different than those listed above) 
	0.549
	0.170
	3.230
	0.001
	0.215
	0.882

	ln(VA  habitual near + 0.31) in operated eye
	-0.759
	0.266
	-2.860
	0.004
	-1.280
	-0.238

	VA unaided in better eye
	0.961
	0.232
	4.150
	0.000
	0.507
	1.416

	VA corrected near in better eye
	1.976
	0.462
	4.280
	0.000
	1.070
	2.882

	ln(VA habitual distance + 0.31) in worse eye  
	-1.215
	0.298
	-4.080
	0.000
	-1.799
	-0.630

	Previous cataract surgery 
	-1.028
	0.182
	-5.660
	0.000
	-1.384
	-0.672

	Interaction term:
Previous cataract surgery # 
ln(VA habitual distance + 0.31) in worse eye  
	 
	 
	 
	 
	 
	 

	1
	1.271
	0.384
	3.310
	0.001
	0.517
	2.025

	 
	 
	 
	 
	 
	 
	 

	R2
	31.2%
	
	
	
	
	







Table 4. Linear regression model for pre- to postoperative Cat-PROM5 score change using complete cases only (no missing data items) 

	[bookmark: _Hlk6303287]Model obtained from complete case analysis 
(missings ignored)

	
	n=1,089
	 
	 
	[95% Conf.
Interval]

	Delta approach. Predicted variable is the change score (as a difference between follow-up and baseline measurement):

	Coef.
	Std. Err.
	T
	P>t
	Lo
	Hi

	 Const.
	-4.333
	0.788
	-5.500
	0.000
	-5.880
	-2.786

	Baseline Cat-PROM5
	-0.613
	0.037
	-16.700
	0.000
	-0.685
	-0.541

	Age
	0.002
	0.011
	0.200
	0.841
	-0.019
	0.023

	Women
	0.293
	0.159
	1.840
	0.066
	-0.019
	0.606

	Patient is diabetic
	0.617
	0.253
	2.440
	0.015
	0.121
	1.113

	Medical history: endocrine disease
	-0.679
	0.202
	-3.370
	0.001
	-1.075
	-0.284

	 
	 
	 
	 
	 
	 
	 

	Number of ocular pathological problems:
(among glaucoma, diabetic retinopathy, age-related macular degeneration; other retinal vascular pathology; other macular pathology; ambylopia)
	 
	 
	 
	 
	 
	 

	One problem
	0.573
	0.183
	3.130
	0.002
	0.214
	0.932

	Two or more problems 
	0.932
	0.277
	3.370
	0.001
	0.389
	1.474

	 
	
	
	
	
	
	

	Other pathological history (different than those listed above) 
	0.475
	0.175
	2.710
	0.007
	0.131
	0.819

	ln(VA  habitual near + 0.31) in operated eye
	-0.878
	0.271
	-3.250
	0.001
	-1.409
	-0.348

	VA unaided in better eye
	0.918
	0.240
	3.820
	0.000
	0.447
	1.390

	VA corrected near in better eye
	2.393
	0.474
	5.050
	0.000
	1.463
	3.323

	ln(VA habitual distance + 0.31) in worse eye  
	-1.362
	0.316
	-4.310
	0.000
	-1.982
	-0.742

	Previous cataract surgery 
	-0.913
	0.192
	-4.770
	0.000
	-1.290
	-0.537

	Interaction term:
Previous cataract surgery # ln(VA habitual distance + 0.31) in worse eye  
	
	
	
	
	
	

	1
	1.532
	0.414
	3.700
	0.000
	0.719
	2.344

	 
	 
	 
	 
	 
	 
	 

	R2
	31.9%
	
	
	
	
	






Figure 2. Model Diagnostics (with imputation) for Cat-PROM5 score change
A. Actual values of dependent variable vs. predictions
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B. Distribution of residuals
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