Electronic Supplement - Risk assessment in the Emergency Department – prospective development and internal validation of a clinical prediction model in a single center cohort

1) Model development and validation using split-sample approach

Background: For internal validation of prediction models, a split-sample approach is sometimes applied, in which the observations are randomly assigned to two distinct data sets for model development and for validation; typically using 2/3:1/3 splitting. Due to its inherent limitations, we used this approach as a sensitivity analysis only. Firstly, the random nature of a specific single data split can have an important effect on the results. Secondly, this results in a reduction in the sample size for model development, which limits the estimation of performance. Validation via bootstrapping, as used in our main analysis, has been reported to perform better, as all the data is used for both model development and validation, and random effects of a single data split are avoided [1, 2].
Methods: Model development followed the same steps as described in the main article text in data from 2/3 of the patients, who were randomly selected. The model was validated in the remaining 1/3 of the patients. The linear predictor and predicted risk of death were calculated for each admission. The risk of death was then compared to the observed death of the same patient and model performance was assessed with respect to calibration and discrimination. The calibration intercept was calculated by fitting a logistic regression with an intercept only and the linear predictor as offset. The calibration slope was calculated by fitting a logistic regression with the linear predictor as the only predictor. To assess discrimination, AUROC was calculated using non-parametric ROC analysis.
Results: The model-development dataset and the validation dataset exhibited similar distributions of patient characteristics and potential predictors (Table 1). The same variables remained relevant when developing the model using a two-third subset of all patients, with the exception of the parameter high temperature which now remained in the model (table 2). The calibration slope in the validation dataset was 0.935, which can also be used as a shrinkage factor, and is indicative of the model’s optimism (figures 1a and 1b). The calibration intercept was -0.067, suggesting slight overall negative bias. The average C-statistic was 0.93 in the development models, and 0.90 in the validation dataset, indicating good external validity (figure 2). 
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Table 1: Descriptive data for the development and validation data sets, using the split-sample approach
	
	Development data 
	Validation data

	 
	N missing
	All observations  
	Released
	Died
	N missing
	All observations
	Released
	Died

	 
	
	 
	 
	 
	
	 
	 
	 

	 
	 
	N = 5685
	N = 5420
	N = 265
	 
	N = 2921
	N = 2788
	N = 133

	Patient age 
	
	58 ± 20
	
	
	
	58 ± 19
	
	

	Percent females 
	
	37.3% 
	 
	 
	
	39.1% 
	 
	 

	Intubation at admission
	0 (0%)
	  359  (6%) 
	  249  (5%) 
	  110 (42%) 
	0 (0%)
	  192  (7%) 
	  138  (5%) 
	   54 (41%) 

	Defibrillation when arriving in ED
	0 (0%)
	   12  (0%) 
	    6  (0%) 
	    6  (2%) 
	0 (0%)
	    4  (0%) 
	    2  (0%) 
	    2  (2%) 

	CPR when arriving in ED
	0 (0%)
	   32  (1%) 
	    4  (0%) 
	   28 (11%) 
	0 (0%)
	   19  (1%) 
	    5  (0%) 
	   14 (11%) 

	Reduced peripheral circulation
	0 (0%)
	  197  (3%) 
	  109  (2%) 
	   88 (33%) 
	0 (0%)
	  101  (3%) 
	   61  (2%) 
	   40 (30%) 

	Respiratory rate APACHE-II
	917 (16%)
	            
	            
	            
	469 (16%)
	            
	            
	            

	 <10
	
	   74  (2%) 
	   43  (1%) 
	   31 (13%) 
	
	   33  (1%) 
	   23  (1%) 
	   10  (9%) 

	 10-11
	
	  470 (10%) 
	  438 (10%) 
	   32 (14%) 
	
	  230  (9%) 
	  205  (9%) 
	   25 (21%) 

	 12-24
	
	 3779 (79%) 
	 3636 (80%) 
	  143 (61%) 
	
	 1929 (79%) 
	 1861 (80%) 
	   68 (58%) 

	 25-34
	
	  415  (9%) 
	  388  (9%) 
	   27 (11%) 
	
	  236 (10%) 
	  223 (10%) 
	   13 (11%) 

	 ≥35
	
	   30  (1%) 
	   28  (1%) 
	    2  (1%) 
	
	   24  (1%) 
	   23  (1%) 
	    1  (1%) 

	MAP
	52 (<1%)
	 94.4 ± 19.0
	 95.1 ± 18.0
	 80.9 ± 30.2
	12 (<1%)
	 94.6 ± 19.4
	 95.2 ± 18.5
	 81.7 ± 30.3

	MAP <50
	52 (<1%)
	   58  (1%) 
	   19  (0%) 
	   39 (15%) 
	12 (<1%)
	   28  (1%) 
	   10  (0%) 
	   18 (14%) 

	Use of vasopressors, vasodilators, intropes on ED admission
	0 (0%)
	   32  (1%) 
	   18  (0%) 
	   14  (5%) 
	0 (0%)
	   10  (0%) 
	    6  (0%) 
	    4  (3%) 

	Heart rate
	46 (<1%)
	 84.4 ± 20.3
	 84.6 ± 19.3
	 81.0 ± 34.5
	14 (<1%)
	 85.7 ± 20.5
	 85.8 ± 19.7
	 84.3 ± 33.2

	HR <40
	46 (<1%)
	   40  (1%) 
	   14  (0%) 
	   26 (10%) 
	14 (<1%)
	   15  (1%) 
	    5  (0%) 
	   10  (8%) 

	Mechanical ventilation
	0 (0%)
	  272  (5%) 
	  169  (3%) 
	  103 (39%) 
	0 (0%)
	  147  (5%) 
	   96  (3%) 
	   51 (38%) 

	Threatened airway patency
	0 (0%)
	  131  (2%) 
	   86  (2%) 
	   45 (17%) 
	0 (0%)
	   67  (2%) 
	   49  (2%) 
	   18 (14%) 

	Saturation index (O2/FiO2)
	0 (0%)
	            
	            
	            
	0 (0%)
	            
	            
	            

	 <4.2
	
	 2025 (36%) 
	 1792 (33%) 
	  233 (88%) 
	
	 1063 (36%) 
	  947 (34%) 
	  116 (87%) 

	 ≥4.2
	
	 3660 (64%) 
	 3628 (67%) 
	   32 (12%) 
	
	 1858 (64%) 
	 1841 (66%) 
	   17 (13%) 

	O2 saturation
	0 (0%)
	            
	            
	            
	0 (0%)
	            
	            
	            

	 <90%
	
	  202  (4%) 
	  165  (3%) 
	   37 (14%) 
	
	  120  (4%) 
	  103  (4%) 
	   17 (13%) 

	 ≥90%
	
	 5483 (96%) 
	 5255 (97%) 
	  228 (86%) 
	
	 2801 (96%) 
	 2685 (96%) 
	  116 (87%) 

	Temperature >39 C
	0 (0%)
	   77  (1%) 
	   76  (1%) 
	    1  (0%) 
	0 (0%)
	   64  (2%) 
	   61  (2%) 
	    3  (2%) 

	Temperature <35 C
	0 (0%)
	  105  (2%) 
	   69  (1%) 
	   36 (14%) 
	0 (0%)
	   50  (2%) 
	   34  (1%) 
	   16 (12%) 

	GCS
	0 (0%)
	            
	            
	            
	0 (0%)
	            
	            
	            

	 14-15
	
	 5379 (95%) 
	 5244 (97%) 
	  135 (51%) 
	
	 2767 (95%) 
	 2696 (97%) 
	   71 (53%) 

	 11-13
	
	  128  (2%) 
	  112  (2%) 
	   16  (6%) 
	
	   71  (2%) 
	   64  (2%) 
	    7  (5%) 

	 9-10
	
	   35  (1%) 
	   27  (0%) 
	    8  (3%) 
	
	   20  (1%) 
	   15  (1%) 
	    5  (4%) 

	 6-8
	
	   43  (1%) 
	   25  (0%) 
	   18  (7%) 
	
	   18  (1%) 
	    9  (0%) 
	    9  (7%) 

	 3-5
	
	  100  (2%) 
	   12  (0%) 
	   88 (33%) 
	
	   45  (2%) 
	    4  (0%) 
	   41 (31%) 

	APACHE II diagnostic category  on ED arrival
	0 (0%)
	            
	            
	            
	0 (0%)
	            
	            
	            

	 Respiratory 
	
	  273  (5%) 
	  258  (5%) 
	   15  (6%) 
	
	  176  (6%) 
	  166  (6%) 
	   10  (8%) 

	 Cardiovascular 
	
	  717 (13%) 
	  654 (12%) 
	   63 (24%) 
	
	  305 (10%) 
	  276 (10%) 
	   29 (22%) 

	 Neurological 
	
	 1356 (24%) 
	 1295 (24%) 
	   61 (23%) 
	
	  696 (24%) 
	  661 (24%) 
	   35 (26%) 

	 Gastrointestinal 
	
	  567 (10%) 
	  540 (10%) 
	   27 (10%) 
	
	  281 (10%) 
	  269 (10%) 
	   12  (9%) 

	 Trauma
	
	  994 (17%) 
	  965 (18%) 
	   29 (11%) 
	
	  528 (18%) 
	  510 (18%) 
	   18 (14%) 

	 Other 
	
	 1778 (31%) 
	 1708 (32%) 
	   70 (26%) 
	
	  935 (32%) 
	  906 (32%) 
	   29 (22%) 

	Patient admitted previously
	0 (0%)
	 1274 (22%) 
	 1204 (22%) 
	   70 (26%) 
	0 (0%)
	  728 (25%) 
	  694 (25%) 
	   34 (26%) 



Table 2: Model Coefficients for model development, using the split-sample approach
	Variable
	Coefficient
	SE
	95% CI

	Intercept
	-4.2397
	1.6452
	(-7.4642, -1.0151)

	Age
	0.1133
	0.0387
	(0.0375, 0.1892)

	Age2
	-0.0005
	0.0003
	(-0.0011, 0.0000)

	Reduced peripheral circulation
	1.3636
	0.2965
	(0.7825, 1.9447)

	Mechanical ventilation
	0.8732
	0.2982
	(0.2887, 1.4577)

	Temperature >39° C
	-2.6971
	1.4827
	(-5.6032, 0.2089)

	Saturation index (O2/FiO2)
	-1.9387
	0.2460
	(-2.4209, -1.4565)

	Patient admitted to ED in previous 12 months
	0.6343
	0.2264
	(0.1905, 1.0781)

	MAP
	-0.0624
	0.0207
	(-0.1029, -0.0219)

	MAP2
	0.0002
	0.0001
	(0.0000, 0.0004)

	GCS (14-15)
	
	
	

	   11-13
	1.5745
	0.3389
	(0.9103, 2.2387)

	   9-10
	2.1767
	0.5019
	(1.1929, 3.1605)

	   6-8
	3.3822
	0.4700
	(2.4609, 4.3034)

	   3-5
	4.3759
	0.4472
	(3.4995, 5.2523)

	APACHE II diagnostic category  at ED arrival (compared  to respiratory)
	
	
	

	   Cardiovascular 
	-0.3601
	0.4276
	(-1.1983, 0.4780)

	   Neurological 
	-0.5550
	0.4185
	(-1.3752, 0.2652)

	   Gastrointestinal
	0.6158
	0.4357
	(-0.2381, 1.4697)

	   Trauma
	-0.5520
	0.4567
	(-1.4472, 0.3432)

	   Other 
	0.3529
	0.3947
	(-0.4208, 1.1266)


Model estimates for the prediction model. Estimates combined using Rubin’s rule from logistic regressions [3] performed on 500 permutations of the data, extracting one observation per patient.

Fig 1a Calibration plot using the split-sample approach
[image: C:\Users\mcoslovsky\Documents\ISPM\308_IM-PredictScore\21_Statistics_308\stata\graphres\calibration_plot_SplitSample.emf]

Fig 1b Calibration plot of the lower nine deciles of predictions, using the split-sample approach
[image: C:\Users\mcoslovsky\Documents\ISPM\308_IM-PredictScore\21_Statistics_308\stata\graphres\calibration_plot_SplitSamplelower.emf]

Fig 2 ROC curve of the final model developed from the split-sample data
[image: C:\Users\mcoslovsky\Documents\ISPM\308_IM-PredictScore\21_Statistics_308\stata\graphres\ROC_SplitSample.emf]
Figure legends:
Figure 1a and 1b: Predicted probabilities using the model’s coefficients are aggregated to deciles of patients. The mean observed death rate in each decile is the percentage (and 95% confidence intervals) of observed death from all observations in this decile, and are marked by black triangle and lines. The dashed line indicates the optimal 1:1 fit. The dotted line represents the locally weighted scatterplot smoothing (lowess) smoother of the predictions. The calibration slope was 0.935 indicating good calibration.
Figure 2: The average C-statistics (Area Under the Curve – AUC) from all permuted models was 0.90, indicating good external validity.


2) Comparison of new model with previously published ED risk scores

[bookmark: _GoBack]For the purpose of comparing model discrimination the Area under the Receiver Operating Characteristic (AUROC) curve values of previously published emergency department (ED) scores were calculated using the patient data of our study cohort. Differences in AUROC among models were assessed using the DeLong test [4] and are reported in Table 3.

Table 3: AUROC of previously published prognostic models for risk assessment in ED patients using patient data of study cohort
	Study authors
	Published AUROC in derivation cohort
	AUROC in study cohort 
	comments

	Olsson [5]
	0.852
	0.797
	

	Duckitt [6]
	0.74
	0.856
	

	Groarke [7]
	0.68
	0.788
	· Authors used combined endpoint (In-hospital mortality, length of stay, admission to intensive care unit (ICU) or cardiac care unit (CCU). 
· For comparison AUROC was calculated using hospital mortality as endpoint. Data on admission to ICU or CCU is not available in our data sample.  

	Goodacre [8] RAPS
	0.74
	0.682
	

	Goodacre [8] REMS
	0.64
	0.750
	

	Seymour
	0.77 
	0.808
	· Authors used combined endpoint (development of critical illness or death) in own cohort data. 
· For comparison AUROC was calculated using hospital mortality as endpoint. Data on development of critical illness is not available in our data sample.  

	Goodacre [9]
	0.80 – 0.93
	Calculation not possible 
	· Exact calculation of model not described
· Model used data which is not available at the time of ED admission (ICD-10 code established 2 months after ED admission, presence of active malignancy at time of ED admission, results of blood tests)

	Kellet [10]
	0.854
	Calculation not possible
	· Score contains non-available data (ECG changes at the time of ED admission, ability to stand unaided)



The AUROC of our final model showed good discriminative ability at 0.920 All p-values of comparisons were in favour of our model using the DeLong test (all p <0.001). 

Comment: DeLong test confirmed higher discrimination of the study model when compared to previously published ED scores. If testing had favoured previously published models a benefit of using our model could be excluded. However, this does not prove better performance of the model presented in the study at hand. The calculation of AUROC using scores from other authors in our cohort represents an external validation, whereas the AUROC of our model represents internal validation in the derivation cohort. Prediction models tend to perform better on the data set from which they are derived and better than other models when these are applied to the same data. A comparison would require applying the different models including ours to a new cohort different from the derivations samples [2]. 
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