
Health Services & High Risk 
Admissions Registries 

David Carnahan, MD MSCE 

DHA | CEI Branch Chief 

12 June 2014 



Introduction 

• Background Information 

• Variables of Interest (potential markers) 

• ACG Use case – Readmissions  

• Examples of ACG Use for Case Management 
by Other Health Plans 



Strategic Goal to Operational Target 

1. Good Data 
2. Segmentation 
3. Differentiation 
4. Prediction 
5. Automation 



Strategic Measure(s) 
• On-Time Departure 
• Right Person on Right Plane 

Operational Target 



Background 

• Research hypothesis: clustering of morbidity is a better 
predictor of health services resource use than the 
presence of specific disease 
 

• Conceptual Basis: Assessing the appropriateness of 
care needs to be based on patterns of morbidity rather 
than on specific diagnoses 
 

– Developed  by the Johns Hopkins School of Public Health 
– A ‘person-focused’ comprehensive family of measurement 

tools (100 + measure outputs) 
– Adopted by 200+ healthcare organizations world-wide 
– Case-mix adjust more than 20 million covered lives 
– Most widely used & tested population-based risk-

adjustment system 
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Components 
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Patient  
Data 

Medical 

Services 

Pharmacy 

Data 

 

ACG 

models 

Diagnosis-based markers 

Pharmacy-based markers 

Hospital dominant 

conditions 

Frailty markers 

Predictive modeling 

Care coordination markers 

Pharmacy adherence 
markers 

Input Data Analysis Output 



Diagnosis-based markers: Morbidity view 

7 

ICD-9 ADG 

CADG 
ACG ~20,000 32 

12 

16 

26 

Based on 
•Duration 
•Severity 
•Diagnostic Certainty 
•Etiology 
•Specialty Care  

Collapsed based on: 
•Likelihood of persistence /recurrence 
•Severity 
•Types of healthcare services required 

High expected resource use ADGs: 
•Pediatric 
•Adult 

Based on: 
•Age  
•Sex 
•Specific ADG 
•# of major ADG 
•# of ADG 

Major ADG 

•Frequently 
occurring 
combinations of 
CADGs 
•Based on patterns 
of CADG 

~100 

MAC 

Examples: 

ADG ICD-9 

Time limited: major Appendicitis 

Likely to recur: discrete Gout, Backache 

Likely to recur: progressive DKA 

Chronic medical: stable DM, HTN 

Chronic medical: unstable HTN renal disease 

Injuries/adverse effects: major Intracranial injury 

Major ADG (Adult) 

Time limited:  major 

Likely to recur: progressive 

Chronic medical: unstable 

Chronic  specialty: stable - ENT 

Psychosocial: persistent/recurrent, 

Malignancy 

ACG 

Acute minor /  likely to recur, age 6+, w/o allergy 

Pregnancy, 2-3 ADGs, no major ADGs 

4-5 other ADG combinations, age 45+, 2+ major ADGs 

6-9 other ADG combinations, male, age , no major ADGs 

Infants: 0-5 ADGs, no major ADGs, low birth weight 

Chronic specialty: stable 

Individuals with similar: 
•   Needs for healthcare 

    resources 
•   Clinical 

    characteristics 
 

One value per person 



IBI versus RUB 

ACG 
300 

ACG 
200 

ACG 
500 

Mean Cost 

Mean Cost 
Of Total Population 

ACG 
300 

Very High (RUB 5) 

High (RUB 4) 

Moderate (RUB 3) 

Low (RUB 2) 

Healthy (RUB 1) 

Predict Future 
Resource Use in 

Next Year 

Determines Cost 
Of Care in Past Year 

ACG 
300 

ACG 
200 
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Diagnosis-based markers: 
ACG - Concurrent weight - RUB  

     

                 ACG 
Reference Concurrent Weight  

   RUB 
Commercial  

 (0-64) 
Medicare  
  (>=65) 

Acute Minor, Age 6+ 0.16 0.10 1 

Chronic medical: stable 0.35 0.15 2 

2-3 Other ADG combinations, age 1-17 0.50 0.15 2 

Acute major/Likely to recur 0.53 0.24 3 

Pregnancy, 2-3 ADGs, 1+ major ADG 2.64 0.79 4 

10+ Other ADG combinations,  age 18+, 0-1 
major ADG 

3.32 1.06 4 

6-9 Other ADG combinations,  age 35+, 3 
major  ADGs 

6.89 1.87 5 



VARIABLES OF INTEREST – 
USE CASES 
 
 • Frailty Flag 

• Pharmacy / Total Cost 
• Hospital Dominant Condition 
• Coordination of Care 

Most data in examples are MHS FY 2012 



Frailty Flag 

Decubitus 
Ulcer 

Impaired 
Vision 

Dementia 

Falls 

Urinary 
Incontinence Gait 

D/O 



Frailty Flag 

Outcome 
Not Frail 

n=3,104,864 
Frail 

n=121,801 

Outpt Visits 8.8 26.4 

Inpt Stays 0.03 0.30 

ER visits 0.4 1.14 

Pharmacy Cost 518 1,790 

Total Cost 3,472 18,055 
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Sex F 

Age 87 

# Chronic Condition 9 

# Hosp Dominant Condition 3 

# ER visits 2 

# IP admissions 2 

# OP visits 65 

Sample Patient Profile 

Frail & Risk of Injury Related Hospitalization 

Number of Frail Patients 
with more than 20% risk of injury-related 
hospitalization 

Identify Frail patients with Risk of Injury-related Hospitalization 



Pharmacy Cost & Total Cost Outliers 



Pharmacy Cost & Total Cost Outliers 

Cancer Patient 
*BMT 
*Sepsis 
*Long Hosp Stay 

10 of 13 had EDC HEM07 – which is code for 
Hemophilia. No doubt Factor 8. 



Hospital Dominant Condition 
(sample) 

• Hepatic Coma 

• Malnutrition GI 

• Streptococcal Septicemia 

• Pseudomonal Pneumonia Infectious 

• Malignant Neoplasm, Lung 

• Hypersplenism Hem/Onc 

• COPD w/ acute exacerbation 

• Acute Respiratory Failure Pulmonary 

• Acute Cor Pulmonale Cardiac 

• Bipolar Disorder 

• Alcohol Withdrawal Psychological 
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eMSM 

Hospital Dominant Condition Positive 

Total 
Population 

112k 112k 115k 241k 153k 125k 177k 149k 



HDC 

Prob High 
Pharm Cost 

HR 
(hdc_quint) 

Outcome Mean Median 

OP visits 9.5 5 

IP stays 0.04 0 

ER visits 0.4 0 

Outcome Mean Median 

OP visits 128 113 

IP stays 4 3 

ER visits 4 2 

74 people 

3.2 M people 

Hosp Dom Count > 5  
& 

Prob High Pharm Cost 
in 5th Quintile 

hdc(x)_quint N OP visits IP stays ER visits 
Phrm 
Cost 

Total 
Cost 

2 4,539 69 1.8 2.1 12,332 94,461 

3 1,544 87 2.4 2.4 12,787 133,601 

4 562 100 2.9 2.8 11,626 172,155 

Average (per member) 



Outcome Mean Median 

OP visits 9.5 5 

IP stays 0.04 0 

ER visits 0.4 0 

Outcome Mean Median 

OP visits 128 113 

IP stays 4 3 

ER visits 4 2 

74 people 3.2 M people 

Unique Provider Count 3 

Specialty Provider Count 1.4 

Chronic Condition 1.5 

Pharmacy Cost $566 

Total Cost $4,017 

Unique Provider Count 11 

Specialty Provider Count 5 

Chronic Condition 4.7 

Pharmacy Cost $10,025 

Total Cost $27,211 

Average (per member) Average (per member) 
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Coordination of care markers 

Majority 

source of 

care 

 

Generalist 

seen 

Unique 

provider 

count 

Unique 

specialty 

count 

Example: 

Rx-MG Number  of visits 

Endocrinologist 4 

Cardiologist 3 

Pulmonologist 2 

Neurologist 1 

Marker Value 

Majority source of care 40% 

Generalist seen No 

Unique provider count 4 

Unique specialty count 4 



Generalist Seen 

1 2 3 4 5

NO 195364 70086 64613 6140 2452

YES 371992 599359 1313074 322463 84635
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Resource Utilization Band 



Total 
Population 

112k 112k 115k 241k 153k 125k 177k 149k 
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eMSM 

High Risk for Coordination of Care Issues 

Chronic Condition Count >= 4 
Unique Provider Count >= 5 
Generalist Seen = No 



ACG USE CASE IN PRACTICE: 
READMISSIONS 



Past Present Future 

Information Reports & Description Alerting Extrapolation (Trends) 

Insight Models & Explanation Recommendations Prediction 

Trigger 
Event 

Profile Target 
Event 

Outcome 

Using ACG in Readmissions Risk 

60+ yo 
RUB > 3 
3+ Chronic Conditions 

Profile Profile 

Trigger 

Target 

Target 

Outcome Outcome 



Readmissions 
FY2010 Regression Results 

Covariate Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Branch of service   

     Army Referent Referent 

     Air Force 1.19  (0.86-1.65)  1.08  (0.90-1.29) 

     Navy  1.04  (0.77-1.41)  1.07  (0.91-1.27)   

  

Peer Group   

     Medium Referent Referent 

     Large 1.56  (1.22-1.98) 1.26  (1.08-1.47) 

     Small 0.73  (0.55-0.95) 0.89  (0.72-1.11) 

  

Gender   

     Female Referent Referent 

     Male 0.97  (0.93-1.02) 0.98  (0.92-1.03) 

  

Age group   

     20-29 Referent Referent 

       1-19 0.81  (0.73-0.89) 0.84  (0.75-0.95) 

     40-59 1.13  (1.05-1.20) 1.05  (0.97-1.14) 

     60-79 2.03  (1.90-2.17) 1.34  (1.22-1.47) 

     >=80 2.93  (2.70-3.18) 1.44  (1.29-1.61) 

  

Race group   

     Caucasian Referent Referent 

     Black 0.86  (0.80-0.92) 0.89  (0.82-0.96) 

     Other 0.80  (0.76-0.85) 0.98  (0.92-1.06) 

  

DRG group   

     Surgical Referent Referent 

     Medical 1.69  (1.61-1.79) 1.97  (1.82-2.14) 

Covariate Unadjusted OR (95% CI) Adjusted OR (95% CI) 

MS DRG weight   

          0-0.84 Referent Referent 

         >=0.84 1.05  (1.01-1.11) 1.30  (1.21-1.39) 

  

Gagne score   

     -1-0 Referent Referent 

      1-2 1.68  (1.59-1.79) 1.34  (1.25-1.43) 

      3-4 3.03  (2.80-3.28) 1.68  (1.52-1.86) 

     >=5 5.23  (4.87-5.61) 2.37  (2.15-2.62) 

  

# of Chronic 

condition 

  

          0 Referent Referent 

          1 1.07  (0.98-1.18) 1.09  (0.98-1.20) 

          2 1.29  (1.16-1.42) 1.20  (1.08-1.34) 

      >=3 2.56  (2.39-2.73) 1.66  (1.52-1.82) 

  

Admission within 

6mn 

  

       No Referent Referent 

      Yes 2.76  (2.62-2.90) 1.74  (1.63-1.86) 

  

30-Day follow-up 

visit 

  

      Yes   Referent 

      No 3.20  (3.05-3.36) 4.48  (4.23-4.74) 

  

Length of stay   

       1-3 Referent Referent 

       4-7 1.75  (1.65-1.86) 1.54  (1.44-1.65) 

      >=8 2.38  (2.20-2.58) 1.92  (1.74-2.12) 

  

ICU stay   

      No Referent Referent 

     Yes 1.54  (1.45-1.64) 1.12  (1.03-1.20) 

Descriptive Analytics: Explanatory Model 



Readmissions 
FY2009 to 2010 Results  
 

Predictive Analytics 

Number of Predictive 
Factors 

% Readmissions % Patients 
Cumulative % 

Patients 

0 4.5 7.6 7.6 

1 4.9 29 36.6 

2 6.9 29.6 66.2 

3 9.7 17.2 83.4 

4 13.8 13.6 97 

5 25.6 3 100 

4 factors will account for 40% of the readmissions but only 16% of the admissions cohort 



LCS EDW 

PATIENT 
ADMITTED 

LEADERSHIP 
DASHBOARD 

CASE MGMT 
READMISSIONS 

REGISTRY 

PCMH 
READMISSIONS 

REGISTRY 

Ensures F/U 
Appt is 

Given & Kept 
by HR Patients 

Reviews Daily or 
Weekly Dashboard 

on F/U Rate for 
High Risk (HR) 

Patients 

Assigns Scarce Resources 
for HR Patients  

(ie. Home Health Visit, 
Pharm Med 

Reconciliation) 

High risk criteria: 
 

• Age > 60 
• Gagne > 5 
• RUB > 3 
• Chronic Condition Count > 3 



Readmissions 

Admission 
Discharge 

30 Days 
After DC 

MTF 
Commander 

HR Admissions 
Registry 

HR Admissions 
Registry 

No appt Appt Sch Appt Kept 

No appt Appt Sch Not Kept Appt Sch Appt Kept 

No appt Appt Sch 

R 



Leadership Dashboard 
HR Admissions Updated Nightly 



6 Month Trend of Top 10 Reasons 
for Readmissions for MTF 



AMI RR was 31% (7/22) 
About ½ of total patients kept their F/U appt 
About ¼ of readmitted patients kept F/U appt 



Readmissions 
PCMH / CM / UM Registry 

• Registry has patient on list from day 0 
to day 30 after discharge 

• Only HR admissions will be on list 

• Icons that could show up: 
• High Risk (red) 
• Moderate Risk (yellow) 
• Lowest Rist (green) 
• Death – pt died during hosp stay 
• Readmission 
• Transfer to LTAC facility 



Summary 

• ACG is a validated tool that will allow case 
managers (and disease managers) identify 
high risk, and high cost patients 

• ACG has both pragmatic and predictive 
variables that can be used for identification 
and stratification for targeted intervention 

• ACG enables better use of scarce resources – 
to improve outcomes while mitigating staffing 
limitations 



QUESTIONS OR COMMENTS 


