Machine Learning Enhanced Predictions of Hospital Readmission or Death in Heart Falilure
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Table 2. Distribution of Risk Prediction Scores Figure 4. Clinical Application of the OM1 Risk Score
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age was 67 years, 53% were women, and 46% were white (Table 1). OM1
medical burden index, admission via the emergency department (ED),
number of ED visits in the 6 months prior to index hospitalization, and Low risk
age were the top 4 predictors determined by machine learning and
were used to derive OMT1 risk scores in the validation set of 4,260 index
hospitalizations. The OM1 risk scores had a C statistics of O.77 compared
to 0.69 for LACE, in both the training and validation sets, respectively
(Figure 1). The LACE risk score had a precision of 36% with 771 actual re- % OM1 RISK SCORE
admissions or death out of the 2,170 predicted. When matched with the

High risk 887 (81%) 1,587 (50%) 2,474 (58%)

OM1 Risk Score

index to quantify the risk of readmission or death [1].
We used machine learning to develop a Heart Failure
(HF) specific predictive tool.
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206 (19%) 1,580 (50%) 1,786 (42%)

Figure 1. Receiver Operating Characteristic (ROC) Curves for the OM1 Risk
Score (C Statistic 0.77) and the LACE index (C Statistic 0.69)
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with at least 12 months of data before the index admission. and 30 deciles, with a strong linear trend of greater OM1 risk scores associated o We present a new model to predict mortality and
days of data post discharge, were included. The unit of analysis was with higher readmission rates (R2=0.98, Figure 3). 0.00 0.00 readmission at 30 days after an index admission for

hospitalization. The outcome was all-cause unplanned readmission as 0.0 025 050 075 1.00 0.0 025 050 075 1.00
defined by Centers for Medicare & Medicaid Services [2]. Those index Table 1. Patient Characteristics Pre-admission through Discharge from the 1- Specificity
admissions occurring before April 2016 (~70%) were used as the Index Admission

HF that has superior performance to a previously
published claims-based model. Model performance

1 - Specificity

training set and the remainder as the validation set. Predictive batient Characteristics oo No ?i?g?gzsion Total Figure 2. When Matched by Precision Figure 3. The OM1 Risk Score was IS being further refined using laboratory and
features were developed by machine learning for the training set, and n=3,502 | | to the LACE Score (36%) the OM1 Closely Correlated with the

unstructured data. Integrating these predictive
models into clinical workflow will permit timely
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Risk Score (81%) was more Sensitive Observed Readmission Rate

than the LACE Score (71%).

the performance of the resultant OM1 HF readmission risk score (on Gender
. : ace White n, (%
0-100 scale; abbreviated as OM1 risk score below) was compared - )

with that of the LACE risk score for the validation set.
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interventions in high risk patients (Figure 4).

OM1 RISK SCORE LACE INDEX
Not reported n, (%) 782 (22%) 2,064 (20%) 2,846 (20%) 000
.y : : . : i 2 81% 75
One of the key predictive features is the OM1 medical burden index, Age (years) at index admission Mean (SD) 03 (1) o7 (1% o6 (1) o0 :
. . . . ' o Median (Q1-Q3) 62 (54-74) 68 (53-/7/) 67 (G7-77) | B | 71% _____ %
which is a standardized measure of a patient's health condition, on enath of stay (dave) Mean (SD) S8 G 618 1GA%) G 70 S 50
0-100 scale. It has been developed by analyzing the combined effect Median (Q1-Q3) 2 (1-4) 3 (1-5) 2 (1-5) 60 =
of each diagnosis and procedure in patient history on health Admission via emergency department N, (%) 2,188 (62%) 2,076 (20%) 4,264 (30%) >0 g 25 SEFERENCES
outcomes. It has been developed by extensive analysis of OM1's 200 Charlson comorbidity index at Mean (SD) 6.5 (3.0) 5.7 (2.8) 5.9 (2.9) 40| 36% 36% [1] LACE Index Scoring Tool for Risk Assessment of Death and Readmission, Ottawa Hospital Research
- . Median (Q1-Q3) 6 (4-8) S (4-7) 6 (4-8) 30 0 Institute, https:/greatplainsgin.org/wp-content/uploads/2015/071/Lace-Index-Scoring-Tool.pdf
million patient cohort. Number of ED visits in the 6 Mean (SD) 5.3 (9.6) 1.3 (2.2) 2.3 (5.5) 20 [2] Excess Days in Acute Care after Hospitalization for Acute Myocardial Infarction (AMI) (Version 1.1),
months prior to index admission Median (Q1-Q3) 2 (0-6) 1(0-2) 1(0-2) 0 0 50 40 50 20 submitted by Yale New Haven Health Services Corporation/Center for Outcomes Research &
: : : : : . Evaluation. Prepared for Centers for Medicare & Medicaid Services (CMS), March 2016.
Patients with a LACE risk score of 10 or greater were considered at OM1 medical burden index at Mean (SD) 72 28 ) 3972 0 Risk Score for HF Readmission
ni : . : : : : g:jsr%?:;%en date from the index Median (Q1-Q3) 3.1 (1.3-7.7) 1.6 (0.7-3.2) 1.9 (0.8-3.9) Precision Sensitivity Precision Sensitivity DISCLOSURE INFORMATION
iIgh risk of readmission. In comparison, patients with an OMT1 risk | | o - . . |
| | Fit  95% Confidence Limits 95% Prediction Limits The authors have no conflicts of interest to disclose.
score of 15 or greater were at high risk.



