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This report discusses reanalysis of VA hospital quality monitor data sets as described
in West and Aguilar (1997) \Studies of Quality Monitor Time Series: The V.A.

Hospital System. In Fall 1998 the data set was updated from the original eight
years of to ten years, 1988-1997 inclusive. The extended data has been studied
using the models of the above report, and some basic summaries of the analysis are
detailed here.
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1 Introduction

The study of VA quality monitor time series in West and Aguilar (1997), summarised in
Aguilar and West (1998), concerned annual quality measures over the years 1987-1995. We
summarise our reanalysis with the inclusion of an additional two years of data, extending
the time scale to include years 1996 and 1997. Full background and modelling details
appear in the above references. We adopt the MODEL-2 framework, in which care-area and
hospital speci�c annual quality measures are related over the years through a time series
model, while maintaining an hierarchical model for the hospital population within each
year. The model also estimates changes in underlying quality levels that are system-wide,
and regression e�ects of the DRG predictor variables.

The data on a single monitor collected in one year across hospitals i = 1; : : : ; I are
patient numbers of non-returns to follow-up care within 30 days of release. High outcomes
represent \poor quality." The study here concerns the full ten years of data on Monitors 20
(general psychiatric discharge) and 21 (substance abuse psychiatric discharges) only. Data
for all years is available on I = 144 hospitals (compared to 152 in the original study). The
annual proportions of non-returns across these hospitals 144 appear in Figure 1. This crude
summary indicates a general decreasing trend since 1991, with an apparently most marked
decrease in 1997, consistent with generally increasing \quality" in these care areas.1
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Figure 1: System-wide proportions of non-returns in monitor areas 20 and 21, by year.

1By contrast, there was an apparent decrease in quality identi�ed in our earlier analysis of a third care

area { monitor 22 { for 1995. We do not have additional years of data for monitor 22 so cannot explore

whether or not that apparent change persisted into later years.
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2 Summary of Model-2

Considering each monitor/care-area separately, the uni-monitor, random e�ects/time series
model is as follows.

Write zit for the number of non-returns in hospital i = 1; : : : ; I and year t = 1; : : : ; T =
10; and write nit for the corresponding total number of patients. Further, write xit for the
mean-corrected logit predictor xit = lit � �lt where lit = log(dit=(1 � dit)); dit is the DRG
predictor (as a proportion) in hospital i and year t; and �lt is the average of the lit over
hospitals i in year t:

Then, independently across hospitals i; the data are conditionally independent binomi-
als,

(zitjnit; pit) � Bin(zitjnit; pit)

with logistic regression on the DRG predictors and random e�ects,

�it � log(pit=(1 � pit)) = �0t + �1txit + �it + �it (1)

with the following components:

� Sampling variability is modelled in the data-level binomial distributions;

� Unconstrained year-to-year variation is modelled in the VA system-wide or population
levels of logit-probabilities, �0t;

� Unconstrained year-to-year variation is allowed through the regression coe�cients on
the DRG-based predictor, �1t;

� Structurally related hospital-speci�c random e�ects parameters �it represent hospi-
tal/year departures from the DRG-corrected population level of probability of re-
sponse in the monitor care area;

� Residual, unexplained components �it measure residual variations in the outcomes not
explained by the components above.

Additional model structure includes the forms of distributions for random e�ects and
time series model, as follows:

� The �0t and �1t are unconstrained, treated simply as parameters to be estimated.

� Within each hospital, the �it are dependent over years t as modelled by

�it = ��i;t�1 + !it

where � is a (positive) correlation coe�cient between consecutive years, and !it �
N(!itj0; u

2) independently over hospitals i and years t: In each year marginally, the
�it appear as a random sample of I draws from the implied marginal distribution
�it � N(0; w2) where w2 = u2=(1 � �2):

� The residuals are white noise, �it � N(�itj0; v
2) independently over i; t:



3 SUMMARIES OF ANALYSIS 3

Analysis produces samples from posterior distributions for all �xed model parameters
and random e�ects, i.e., for

� �;w; v;

� �0t; �1t for each t = 1; : : : ; T;

� �it; �it for each i = 1; : : : ; I and t = 1; : : : ; T:

Posterior samples may be studied to explore inferences on these quantities, and sum-
marised using standard graphical and numerical summaries. Many instances of this appear
in West and Aguilar (1997) for the analysis of years 1-8 only. The next section brie
y
reviews a few such summaries from the analysis now extended over years 1-10.

3 Summaries of Analysis

Summaries of analysis of each of the two monitors separately appear in the �gures in formats
precisely as used in the earlier reports. The following comments summarise the key and
relevant features of these graphs.

3.1 Hospital population parameters

Across years, inferences for the �0t and �1t are summarised via the posterior boxplots in
Figure 2 for both monitor 20 and 21. The �gure also displays posterior boxplots for the
system parameters w; v; � for each monitor. The graphs are entirely consistent with the
earlier analysis of the �rst eight years of data. Our main comments relate to inferences on
the � parameters.

There are meaningful di�erences in the �0 parameters across the ten years in each of
the two monitors. The main feature is a general decreasing trend in �0 over the years
corresponding to the generally increased quality levels as earlier remarked. The decreases
in the system level parameter in 1997 is particularly marked, as detailed in inferences on
the changes in levels, i.e., �0t � �0;t�1 over years t; in Figure 3. The probabilities that
�0t < �0;t�1 are shown in the following table:

1989 1990 1991 1992 1993 1994 1995 1996 1997

M20 0.1238 0.8526 0.9992 0.9068 0.6356 0.7374 0.8878 0.8608 0.9984
M21 0.2630 0.7546 0.9014 0.9098 0.2864 0.7522 0.7388 0.8902 0.9576

Inferences about the components of variance w and v; and on the \persistence" pa-
rameter �; are essentially as earlier presented. The additional two years of data are quite
consistent in these respects with the earlier eight years.

3.2 Random e�ects for two example hospitals

Summary inferences for the hospital/monitor speci�c combined random e�ects �it + �it for
two selected hospitals are given in terms of posterior boxplots for each year, for each of the
two monitors. The selected hospitals are labeled #1 and #2, and the resulting displays are
similar to those in the original analysis. These appear in in Figures 4 and 5 for both monitors
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together. These exemplify the kinds of hospital speci�c inferences that can be made from
this model framework. These summary inferences on individual �it + �it quantities combine
data across hospitals and across years, \borrowing strength" through the hierarchical model
within each year for the hospitals as a population, and through the time series models across
years within each hospital. The variations over time in each �it + �it represent the quality
level at hospital i that is formally corrected for changes in system-wide quality levels and
for the hospital/year speci�c DRG levels. Additional examples of summary inferences for
the combined random e�ects across the full set of hospitals within one chosen year { 1995
{ appear in Figure 6 for Monitor 20 and Figure 7 for Monitor 21.

3.3 Additional comments

Additional investigations have included graphical assessments of model adequacy via stan-
dard Bayesian residual analysis, again mirroring similar studies in the original report. As
in the original report, we are satis�ed with the general model framework { none of our
graphical exploration of aspects of model �t indicate any kind of meaningful departures
from model assumptions. The scale of the model does, however, mean that there are many
aspects of model �t left unexplored.

The kinds of summary inferences that may be drawn from these models are limited only
by our imagination in designing queries for the software developed to implement them. To
explore questions about speci�c issues { such as patterns of change over time in quality
level parameters and random e�ects at speci�c hospitals { we simply need to produce a
list of speci�c target issues to address. Then it is an easy matter to design queries to
interrogate the model analysis and produce inferential summaries directly addressing those
issues. Current software can be easily modi�ed to do this. Example issues might include
attempting to identify any \interesting" institutions whose patterns of change di�er from
the majority. Assessment of changes in rank status may help probe this issue, and inferences
on ranks of hospitals { based on any selected random e�ect (time series, combined) or other
index { are easily produced, again as was extensively illustrated in the original report in
discussing issues of institutional rankings and comparisons. Follow-up discussions with VA
personnel may lead to redevelopment of aspects of the software to permit easy and routine
investigation of speci�c institutions at this level of detail.
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5 Graphical Summaries of Analysis
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Figure 2: Posterior summaries for: system quality level �0t and DRG regression coe�cients
�1t by years t = 1; : : : ; 10; and system parameters w; v; �: Upper frame: Monitor 20. Lower
frame: Monitor 21.
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Figure 3: Posterior intervals for the changes in system quality level �0t � �0;t�1 over years
t = 2; : : : ; 10: Upper frame: Monitor 20. Lower frame: Monitor 21.
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Figure 4: Posterior summaries for combined random e�ects �it+�it in selected hospital #1.
Upper frame: Monitor 20. Lower frame: Monitor 21.
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Figure 5: Posterior summaries for combined random e�ects �it+�it in selected hospital #2.
Upper frame: Monitor 20. Lower frame: Monitor 21.
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95% Intervals for The Combined Random Effects
 Monitor 20 1995

Figure 6: Monitor 20 { Posterior intervals for combined random e�ects �it + �it across all
hospitals in 1995.
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Figure 7: Monitor 21 { Posterior intervals for combined random e�ects �it + �it across all
hospitals in 1995.


