Revision and validation of the BRASS index
for the prediction of complex discharge and
hospital mortality in an Italian cohort.

Why is Discharge Planning so Important?
• Discharge planning (DP) is a vital component of the hospital care
-Series of events that occur shortly after a patient is admitted to
a health care setting in order to facilitate the continuity of care
Purposes of DP

 Facilitate continuity of care






Reduce hospital length of stay,
Reduce unplanned readmission
Ensure optimal use of hospital beds
Improve the coordination of services

Discharge Planning Procedure
 Routine discharge
 “Non-routine” or Complex discharge
• Activating the Special Hospital Discharge Planning Services

Discharge Planning
• Identifing which patients are at risk for encountering problems on
or after discharge
• Developing risk screening instruments of problems linked with
the discharge process
• The Brass index (Blaylock Risk Assessment Screening Score)
is a screening tool used at admission to hospital, in order to identify
patients who are at risk of prolonged hospitalization and may require
a more complex discharge planning (Blaylock and Cason,1992).
• BRASS index was introduced in the year 2012 with an official
deliberation for obligate use in the hospitals in the Piedmont region

BRASS Index
Age
0 = ≤55 years
1 = 56-64 years
2 = 65-79 years
3 = ≥ 80 years
Social support/Living situation
0 = Lives only with spouse
1 = Lives with family
2 = Lives alone with family support
3 = Lives alone with friends’ support
4 = Lives alone with no support
5 = Nursing home/Residential care
Functional status
0 = Autonomous (indipendent in ADL and IADL)
Dipendent in:
1 = Eating/feeding
1 = Bathing/grooming
1 = Toileting
1 = Transferring
1 = Incontinent of bowel function
1 = Incontinent of bladder function
1 = Meal preparation
1 = Responsible for own medication administration
1 = Handling own finances
1 = Grocery shopping
1 = Transportation
Cognitive Status
0 = Orientated
1 = Disorientated to some spheres some of the time
2 = Disorientated to some spheres all of the time
3 = Disorientated to all spheres some of the time
4 = Disorientated to all spheres all of the time
5 = Comatose

Behavior pattern
0 = Appropriate
1 = Wandering
1 = Agitated
1 = Confused
1 = Other
Mobility
0 = Ambulatory
1 = Ambulatory with mechanical assistance
2 = Ambulatory with human assistance
3 = Non-ambulatory
Sensory deficit
0 = None
1 = Visual or hearing deficits
2 = Visual and hearing deficits
Number of previous admission/ER visits)
0 = None in the last 3 months
1 = One in the last 3 months
2 = Two in the last 3 months
3 = More than two in the last 3 months
Number of active medical problems
0 = ≤Three medical problems
1 = Three to five medical problems
2 = More than five medical problems
Number of drugs
0 = Fewer than three drugs
1 = Three to five drugs
2 = More than five drugs

Total points(0-40)
Low risk category (0-10)
Medium risk category (11-20)
5 risk category (21-40)
High

Specific study objectives

1) To evaluate the ability of the original BRASS index in predicting
the risk of a complex discharge (CD) and the correlated risk of
hospital mortality (HM)

2) To develop a simplified BRASS index by eliminating redundant
variables and re-estimating the predictor weights;

3) To validate the new, simplified BRASS index.

Methods
This is a prospective cohort study
•Setting of the study - general internal medicine wards of San Giovanni Battista Hospital
in Torino (largest medical referral center in the Piedmont region)

First (Development ) phase of the study
(Training set population n=6044)
• Assess the ability of the original
BRASS index in predicting the risk of CD and
the correlated event of hospital mortality
• Development of a new simplified score
1st Jan 2015

Second (Validation) phase of the study
(Validation set population (n=3325)
•Temporal validation of the new
simplified Brass Index

31st Dec 2015

30st Jun 2016

Data collection
All patients in both study phases were screened at admission within
48h with the BRASS index.
 Interview of the patients (by trained nurses)
• Information on social and demographic characteristics
• Clinical status
• Functional status

 Discharge records of the patients (SDO) & Hospital administrative
databases
• Information on discharge destination,
• LOS (length of stay)
• Information on hospital mortality

Outcome of the study
The primary outcome of our study was the Discharge Modality divided
into three categories:
1. Discharged at home without complications - all patients discharged at
home with a LOS lower than the 90th percentile of DRG-specific LOS
observed in the Piedmont region hospitals

2. Complex discharge (Discharge with problems) - all patients not
discharged at home or patients discharged at home with a LOS greater than
the 90th percentile of DRG-specific LOS observed in the Piedmont region
hospitals

3. Dead in hospital - all patients that died during the hospital stay.

Statistical analysis
 Polytomous (multinomial) logistic regression analysiswas used to model the probability of each discharge modality
(BRASS index was included as a single continuous variable, after assessing its
linearity using a restricted cubic spline transformation)


Revision and simplification of the original Brass Index performed according to the different importance of each item
(predictor) included in the index
– Data reduction (predictor selection) was made by removing items with very
low prevalence (<20 cases) and also some items of the original BRASS index that
were strongly associated to other items (using a graphical representation of the
hierarchical clustering of the variables and both practical and clinical judgments to
select those to be removed)
–

Logistic regression model was fitted using a backward selection and
eliminating one by one those candidate predictors on the basis of Akaike
Information Criterion (AIC), choosing the final model with the lowest AIC

Statistical analysis
 The final simplifed model was used to derive two separate score to
predict the two different outcomes CD & HM

Scores = regression coefficients, converted to integer number
proportionally to the lowest coefficient satisfying two conditions
(OR >= 1,20 & p-value <0,10)
The updated and simplified BRASS index was calculated for each
patient using the new scoring rule

 The AUC and the Net reclassification index were calculated to
compare the performance in risk prediction between the original and
the simplified BRASS Index and between the development and
validation sets.
 The updated and simplified BRASS Index was validated by temporal
validation ( 2nd phase of the study)

Results
The outcome categories according to the discharge destination
Discharged at home without complications

Dead in hospital
Complex discharge

3798 (63%)

363 (6%)
1883 (31%)

Discharged at home with a longer LOS

469 (8%)

Skilled nursing facility (SNF)/Residential care

713 (12%)

Home care

88 (1%)

Discharge against medical advice (AMA)

57 (1%)

Transferred to another hospital

85 (1%)

Transferred to another unit/facility

43 (1%)

Inpatient rehabilitation facility (IRF)

342 (6%)

Integrated Home Care Services (IHCS)

86 (1%)

Total

6044

Results
Figure 1. Box plot-original BRASS index
according to the discharge outcome

Figure 2. Estimated probability (Multinomial
logit model) of each discharge outcome in
relation to the original BRASS index
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Data reduction process
Used to simplify the original Brass index (Hierarchical clustering)

Dicothomous Variables

Ordinal Variables
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Results
Comparison of the area under the ROC curve (AUC) and the Net Reclassification Index
of different discharge modalities between the original and the simplified BRASS index
Complex discharge vs
Discharged at home
without complications

Hospital mortality vs
Discharged at home
without complications

AUROC Original BRASS Index

0.6977

0.8046

AUROC Simplified BRASS Index

0.7093

0.8264

0.315 (0.262 - 0.368)

0.489 (0.419 - 0.559)

Net Reclassification Index
Continuous NRI (95% CI)

Calibration Plot of observed and expected predicted probability of the
two outcomes regarding the simplified BRASS index
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Complex Discharge classification according to different
simplified BRASS score cut-off point
Cut-off point

Proportion of
patients above
the BRASS
index cut-off

Sensitivity

Specificity

PPV

LR+

(≥ 3)

48.09%

69.84%

62.69%

48.13%

1.8718

(≥ 4)

43.67%

65.91%

67.35%

50.02%

2.0186

(≥ 5)

37.93%

59.48%

72.75%

51.97%

2.1826

(≥ 6)

31.09 %

51.62%

79.09%

55.04%

2.4692

(≥ 7)

25.42%

44.82%

84.20%

58.45%

2.8372

Hospital Mortality classification according to different
BRASS simplified score cut-off point

Cut-off point

Proportion of
patients above
the BRASS index
cut-off

Sensitivity

Specificity

PPV

LR+

(≥ 7)

48.57%

87.33%

55.13%

15.69%

1.9464

(≥ 8)

33.89%

79.61%

70.48%

20.50%

2.6974

(≥9)

30.76%

76.86%

73.64%

21.80%

2.9162

(≥ 10)

22.52%

67.49%

81.78%

26.15%

3.7043

(≥ 11)

18.34%

62.81%

85.91%

29.88%

4.4589

(≥ 12)

14.59%

55.92%

89.36%

33.44%

5.2573

Validation results
Table1.Discharge outcome
distribution in the training and
validation set
Training set

Validation
Set

Discharged
at home w.c

3798(63%) 2022 (61%)

Complex
discharge

1883 (31%) 1120 (34%)

Dead in
hospital
Total

363(6%)
6044

183 (5%)
3325

Table 2. Comparison of the area under the
ROC curve (AUC) for prediction of different
discharge modalities between the training
and the validation set

Discussion
 The simplified Brass index has slightly better discriminative and
predictive ability of CD & HM than the original Brass index (AUC
are 0,71 vs. 0,70 for the CD and 0,83 vs. 0,80 for HM,
respectively).
 The simplified Brass index has an additional advantage, it is
based on a model with half of the number of degrees of freedom
(20 vs 41) with respect to the original BRASS Index and it means
that it is an easy to use predictive tool for the healthcare workers
and takes less time to be applied.
 Our study is the first that did not consider either a complex
discharge or hospital mortality as a single (implicit) composite
outcome. We observed that the Brass index has also a strong,
and partially independent, predictivity of hospital mortality that
justifies the estimation of a separate set of weights.

Discussion
Limitations of the study
 This is a single center experience and the results obtained may not
necessarily be generalizable to other clinical settings and to different
categories of patients.
 The absence of a comparative tool with which the Brass Index could
be compared, but this possibility was not considered feasible for
practical reasons.
Future aspects
• To validate the simplified Brass index in different categories of
patients (e.g. patients undergoing surgery) and in other hospitals
(geographical validation) and to evaluate its clinical relevance.

Thank you for the attention!
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