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Introduction

This report presents an abbreviated summary of a feasibility study to determine whether it is
possible to generate accurate national estimates of selected statistics based solely on annual
inpatient discharge data from a subset of “early” states. For these analyses, we defined two
sets of early states: 1) those we anticipated would deliver their 2008 data by August 1, 2009,
and 2) a slightly larger subset consisting of those we anticipated would deliver their 2008 data
by September 1, 2009.

The broader task for Rapid-Cycle National Estimates is to develop more timely nationwide and
regional estimates from inpatient (IP) and emergency department (ED) data. For both IP and
ED, our initial focus was on developing estimates using existing data streams of annual
inpatient data. Later efforts will address the possibility of obtaining data from HCUP Partners
more frequently (e.g., quarterly).

We begin this report with a description of our historical experience concerning the timing of
annual inpatient data. Based on this experience combined with our best judgment concerning
the delivery of 2008 data, we identified two subsets of “early” states to use in these analyses.

Using 2002 — 2006 state inpatient data (SID), we tested the ability of two methods for predicting
full-sample Nationwide Inpatient Sample (NIS) statistics, and compared the performance of
those methods to simple estimates that simply predicted each year’s NIS value by carrying
forward the previous year’'s NIS value. We reasoned that simply predicting each year’s NIS
value by the previous year’s NIS value provided a minimal baseline performance for predictions,
and that an acceptable prediction method should nearly always do much better than carrying
the previous year value forward. We tested these methods on predicting average charges,
average lengths of stay, average mortality rates, and the total number of discharges for 28
diagnoses and procedures. In addition, we predicted rates for four patient safety indicators.

We summarize the methods and the results of these analyses below. We determined that the
performance of the two methods we tested using annual data were not enough of an
improvement over carrying the previous NIS value forward, and we offer some
recommendations for further research.

Historical experience for the receipt of state inpatient data

We began by summarizing the timing of inpatient data arrival over the past four years. Figure 1
shows the percentage of the total U.S. discharges covered by the receipt of 2003 - 2006
inpatient data, along with results to date (through August, 2008) for the 2007 data year.

In Figure 1, each dot represents the receipt of data from one state. The x-axis reflects the date

that the state data file was received. The y-axis represents the cumulative percentage of U.S.
discharges received. For example, for data year 2003 (black line), as of July 1, 2004, HCUP
had received data from four states (4 black dots prior to July 1) representing about 8 percent of
total U.S. discharges for 2003. For earlier data years, an even lower number of states and
lower percentage of total discharges had been received by July 1. Looking one month later, the
percentage of U.S. discharges collected by August 1 hit a high of around 30 percent for 2006,
which is much higher than the 10 to 14 percent of U.S. discharges collected by August 1 for the
2003-2005 data years. We used these two cutoff dates, August 1 and September 1, for this
study.
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Figure 1: Timing of HCUP Data Delivery
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The choice of cutoff dates was also affected both by the number of discharges and by the
geographic distribution of early states. The number of discharges is large. Even 10 percent of
the U.S. total annual discharges translates into about 4 million discharges, which is about half of
the size of the NIS. The geographic distribution of states that delivered data by August 1 is
shown in Figure 2 for data years 2003 — 2007. For the data year 2007, only one Northeast state
(NJ) delivered their inpatient files before August 1. The results were variable for the other three
regions, although usually at least two states delivered early in each of those regions.

Based on these considerations, and based on our expectations for the delivery of 2008 data, we
developed analytic files consisting of annual SID data for the period 2002 — 2006 from the
following “early” states, by region:

o West: (August 1) AZ, OR, NV, CA, CO, and WA.

o Midwest: (August 1) IA, SD, MN, OH, IL. (September 1 add WI and MO).
e Northeast: (August 1) NJ.

e South: (August 1) WV (September 1 add MD).

We omitted IN, VA, and ME because there was not 2003 SID data for IN, 2005 or 2006 SID
data for VA, and 2004 or 2005 SID data for ME. Clearly, the representation was very thin for
the Northeast and the South regions. The September 1 subset of states added only three
states to the August 1 subset: WI, MO, and MD.
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Figure 2. HCUP States Providing Annual Data by August 1 Following Each Data Year
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Outcome statistics and patient conditions

We generated estimates of nationwide discharge counts, mortality rates, mean total charges,
and average lengths of stay (ALOS) for patients with selected principal diagnoses and
procedures. Table 1 contains the list of 28 conditions and procedures employed in our
analyses.

Table 1. Patient conditions and procedures

Single- Multi- ICD-9-CM codes

Diagnoses

Asthma 128
Cancer - Breast 174.x, 175.x, 233.0

Cancer - Colon 153.x,159.0, 230.3
Cancer - Lung 162.2-162.9, 231.2
Cancer - Prostate 185, 233.4
Diabetes
Acute Myocardial Infarction
Depression (MHSA Mood
Decubitus Ulcers
. Stroke, ischemic 433.x1, 434.x1, 436
. Dementia
. Methicillin-resistant See
. Pneumonia In addition to CCS122, add
code 487.0
. Peptic Ulcers 531.00-533.91

© 0N o O kW NI

. Septicemia See Table 3
. Cellulitis 681.00-681.9
. Renal Failure, Acute

Procedures

18. Hip Replacements
19. Knee replacements

20. Bariatric Procedures 44.31-44.39, 44.68, 44.95-
21. C-sections

22. CABG

23. PTCA

24. Spinal fusion 81.00-81.09, 81.31-81.39,

Patient Safety Indicators

25. Accidental puncture or laceration
26. latrogenic pneumothorax

27. Postoperative hemorrhage or
28. Postoperative respiratory failure.

# PSI specifications are available at http://www.qualityindicators.ahrq.gov/psi_download.htm.
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Table 2. Codes for Methicillin-resistant Staphylococcus Aureus (MRSA)

MRSA requires 2 codes:

V09.0 (infection with microorganisms resistant to penicillins) plus a code for Staph aureus
Infection. Staph aureus infections:

482.41 Pneumonia due to Staphylococcus aureus

038.11 Staphylococcus aureus septicemia

041.11 Staphylococcus aureus infection in conditions classified elsewhere and of unspecified
site

Table 3. Codes for Septicemia

Any of the following codes:

038.0 Streptococcal septicemia

038.10 Unspecified staphylococcal septicemia

038.11 Staphylococcus aureus septicemia

038.19 Other staphylococcal septicemia

038.2 Pneumococcal septicemia

038.3 Septicemia due to anaerobes

038.40 Septicemia due to unspecified gram-negative organism
038.41 Septicemia due to hemophilus influenzae (H. influenzae)
038.42 Septicemia due to Escherichia coli (E. coli)

038.43 Septicemia due to pseudomonas

038.44 Septicemia due to serratia

038.49 Other septicemia due to gram-negative organism
038.8 Other specified septicemia

038.9 Unspecified septicemia

003.1 Salmonella septicemia

054.5 Herpetic septicemia

036.2 Meningococcemia

022.3 Anthrax septicemia

HCUP (7/31/09) 5 Del #825.11B Rapid Cycle Estimates



Estimation strategies

We used historical SID data to simulate two estimation methods and assess the accuracy of
those methods assuming that we had applied the methods in previous years, as we explain in
this section.

Use of historical data

We developed and tested the accuracy of our methods using historical data. In particular, we
generated estimates using only data from the subsets of “early” states and compared those
estimates to the actual known national estimates using the entire NIS for each of four data
years: 2003, 2004, 2005, and 2006. We employed two definitions of “early”; states for which we
forecast would deliver their 2008 data by 1) August 1, 2009 and, 2) by September 1, 2009. The
later cutoff date included more data, potentially increasing the accuracy of estimates. This gave
us an idea of the accuracy that we could expect to obtain for the 2008 data year rapid cycle
estimates.

Sampling designs and weighting methods

Our objective was to generate early NIS estimates, not to create an early version of the NIS.
Therefore, we did not sample hospitals as we do for the NIS. However, for one of the methods
we tested, which we call “stratified estimates,” we post-stratified the early SID hospitals and
calculated sample weights using the same methods as those we used for the NIS (see NIS
Documentation). That is, we weighted sample discharges within each hospital stratum to the
total population of discharges estimated from AHA data in that stratum.

The other estimation method, which we call “unstratified estimates,” simply weighted discharges
by the frequency of discharges observed in the early states.

Statistical methods

While several years of historical SID data might have offered better estimates of long-term
trends, considerable time and expense are associated with combining multiple years of
historical data for estimation, and we wanted to generate estimates as quickly and as efficiently
as possible. Consequently, we used only two years of data at a time to produce estimates for
each year.

That is, we estimated statistics for each year 2003, 2004, 2005, and 2006 using only two years
of SID data, the most current year and the previous year, combined with the previous year of
NIS data. For example, for ALOS we estimated the change in ALOS between 2004 and 2005
from the early SID states. We assumed that the change that occurred for the early SID states
was a good estimate of the change that would occur for the entire NIS. Therefore, we estimated
the 2005 ALOS by multiplying the ALOS estimated for the 2004 NIS by the estimated 2004-
2005 change that occurred for the early SID states. We then compared this estimated 2005
ALOS to the actual 2005 ALOS estimated from the full 2005 NIS. The next section of this report
presents the formulas for these estimates.

Perhaps the simplest estimate for the next year is the previous year NIS estimate. For example,
we could use the 2004 NIS ALOS as an estimate of the 2005 NIS ALOS. Our proposed
methods should do at least as well as this “carry the last year forward” estimate. Therefore, we
used these simple estimates as comparison benchmarks for the performance of the methods
that used early SID data, rather than try to improve estimates based on annual data.

Below, we present the equations for the two methods used to produce estimates from the early

SID data. Other, more sophisticated estimators were originally proposed for this study.
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However, AHRQ and the Thomson Reuters team agreed that resources would be better spent
exploring the potential and advantages of obtaining early quarterly data from a larger number of
states than would be possible for early annual data.

Formula for unstratified estimates

The unstratified estimates used a weighted average of the state-specific changes in the SID
between two years to estimate the overall change in the NIS between those same two years.
The weights were simply the proportion of discharges in the early SID states.

Let’s say that Y 1 is the estimated statistic (e.g., ALOS) based on the SID for state K in year T,
and say that Yys, 1 is the estimated statistic based on the full NIS for the U.S. in year T. The
unstratified national estimate for year T based on N early states was the product of the full NIS
estimate for year T-1 and a weighted average of the state-specific changes from year T-1 to
year T for the early states, according to the following formula:

s ~ N
_ itz Wi Yor/Yeray| _ =7 _—
VIS T =1 0 W WiET=1 " gr " Bar
ai=1 Vg =

The weights W, 1 were equal to the number of early NIS discharges represented by state K in
year T. The ratios Ryt were the ratio of the statistics between the base year and the prediction
year for state K, and the proportions Pk 1 represented the proportion early SID discharges from
state K in year T.

Formula for stratified estimates

The stratified estimates used stratum-specific sample weights to the population of discharges.
As explained earlier, we stratified hospitals and employed AHA data to estimate the total
population number of discharges in each stratum. For J hospital strata, the estimate was given
by the following formula:

o
T
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In this formula, Ws was the weight for discharges in stratum S (the ratio of the AHA estimate of
total discharges to the number of observed discharges), and Ys t was the estimated statistic in
stratum S based on the early states for year T. We anticipated that the stratified estimates
would be an improvement over the unstratified estimates to the extent that the year-to-year
changes varied by hospital stratum.

Root mean squared error (RMSE)

For each outcome, we attempted to predict the “true” NIS estimate for the next data year.
Therefore, we also calculated the root mean squared error (RMSE) of prediction:

i i-'l[EE

-~
.q:.-i
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This is a common measure of estimation accuracy, which we will use to compare the
performance of the various methods. Smaller values of RMSE are better.

Results

As stated earlier, we nearly always expect the proposed methods to perform better than simply
using the previous year NIS estimate. Table 4 summarizes the performance of the unstratified
estimate and Table 5 summarizes the performance of the stratified estimate compared with the
previous year estimate.

For each condition or procedure, we generated four early-state estimates, one for each year
2003-2006. For the four PSls, we generated only two estimates, one for 2005 and another for
2006, because we lacked data for PSls in earlier years. Therefore, we generated 104 estimates
for each outcome (four estimates for each of the 28 conditions/procedures and two estimates for
each of the four PSIs).

For each outcome, Table 4 shows the number of times for which

1. the August SID unstratified estimate was closer to the next year NIS value than was the
previous-year NIS value;

2. the September SID unstratified estimate was closer to the next year NIS value than was
the previous-year NIS value; and

3. the September SID unstratified estimate was closer to the next year NIS value than was
the August SID unstratified estimate.

For example, for acute myocardial infarction (AMI), the unstratified ALOS estimate was closer
than the previous-year NIS estimate for all four years whether using the August 1 cutoff (column
2) or the September 1 cutoff (column 3) for early states. Therefore, the unstratified estimates of
AMI ALOS were always better than were the previous-year NIS estimates. However, the
unstratified ALOS estimate for AMI based on the September 1 cutoff states was better than the
estimate based on the August 1 cutoff states (column 4) for only one year out of four. This is
somewhat surprising because more states are included in the September 1 subset of early
states.

In Table 4, the row labeled “All” summarizes the results for unstratified estimates over all 104
estimates for the conditions, procedures, and PSIs. These overall results are disappointing.
The estimates using early state data were better than the previous-year NIS estimate only about
60% of the time for ALOS, about 82% of the time for charges, about 60% of the time for
mortality, and about 75% of the time for discharge counts.

Similarly, summarizes the results for the stratified estimates. The stratified estimates fared
about the same as the unstratified estimates. This is surprising because we expected that year-
to-year changes might vary systematically among different types of hospitals and regions of the
country, and that the stratified estimates would weight these changes more appropriately than
the unstratified estimates.

We also compared root-mean squared errors (RMSE) of prediction among 1) the previous year
NIS estimate, 2) the stratified early state August estimates, and 3) the stratified early state

September estimates. While the counts shown in Table 5 give us a sense of the frequency (the
number of years) for which the stratified early estimates were better than the previous-year NIS
estimate, the RMSE gives us a sense of the relative magnitude of the errors among estimators.
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Smaller RMSE is better.

The RMSE results are shown in Figure 3 (ALOS), in Figure 4 (mean charges), in Figure 5
(mortality rates), and in Figure 6 (total discharges). These results mirror the results shown for
stratified estimates in. For example in Figure 3, for asthma ALOS, the RMSE for the previous
year NIS is 0.0102 (green bar), which is considerably smaller than the RMSE of 0.0193 for the
August early states (blue bar) and the RMSE of 0.0187 for the September early states (red bar).
Likewise, the results for asthma ALOS in Table 5 show that the previous year NIS is closer to
the current year NIS estimate 4 out of 4 times compared with the August early state estimate
and closer 3 out of 4 times compared with the September early state estimates.

Looking across Figures 3 through 6, we see that the green bars (previous year NIS estimates)
are often shorter than or about the same length as the blue and red bars (early state estimates),
indicating that the previous year NIS estimates are better—have smaller mean squared errors—
or are nearly as good as the early state stratified estimates. Only for average charges (Figure
4) are the early estimates almost always substantially better than previous year NIS estimates,
a result that is consistent with the results for average charges in Table 5.

Table 6, Table 7, Table 8 give us some insights into these results. These tables show the
correlation between state estimates and the NIS estimate over the five years 2003-2006. We
have only five estimates per state, but it is still useful to observe the general correlation
patterns. Correlations of 70% or higher are dark green, correlations of 0 to 70% are light green,
and negative correlations are red. A correlation above 70% corresponds to a state that explains
at least half of the NIS variance (over the five years). A correlation of 99% corresponds to a
state with a trend that is virtually identical to the NIS trend.

For example, for AMI ALOS, the correlation is 99% or more between the NIS and three states --
CA, NV, and WI. Indeed, the trends for CA, NV, and WI are virtually identical to the NIS trend
over the five years (based on plotted trends not shown in this report). A large negative
correlation corresponds to a state with estimates that are going in the opposite direction of the
NIS estimates. For example, the AMI ALOS correlation is large and negative between the NIS
and two states -- AZ and OR. The AZ and OR trends tend to move upward while the NIS trend
tends to move downward. Overall, most of the state-specific trends correlate well with the NIS
trend for AMI ALOS, consequently, the early state estimates tend to do better than the previous-
year NIS estimate for all four years (consistent with the results shown in Table 4 and Table 5).

In aggregate, we can see that the correlations are mostly green for charges (Table 7), and that
is where the early state estimates do best compared with the previous-year NIS estimate.
However, there are many negative correlations mixed with positive correlations for ALOS and
mortality, explaining the relatively poor results for those outcomes (Table 4 and Table 5).

Conclusion

The two methods for early estimates that we tested in this study proved somewhat disappointing
using annual discharge data. Perhaps the most important outcome for which we would like
good forecasts is the total number of discharges. For total discharges, about 75% of the time
the stratified estimates based on early data were closer to the full NIS estimates than were the
previous year NIS estimates (Table 5). In addition, the RMSE for total discharges was
substantially smaller for about half of the conditions (Figure 6). However, the standard of
comparison—the previous year NIS estimate—represents a minimal threshold that requires little
effort to produce and that lacks one piece of information that we desire: the direction of the trend
(e.g., is diabetes ALOS going up or down?). Moreover, the results for ALOS and mortality were
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more disappointing still.

Therefore, rather than expend more effort on improving estimates using annual data, AHRQ and
Thomson Reuters researchers concluded that we should shift our efforts to developing
estimates using early quarterly data. Preliminary investigation has shown the potential for
obtaining early quarterly data from many more states than those for which we can obtain early
annual data. We anticipate that a broader array of states will be more representative of the
overall NIS trends and therefore lead to better early estimates across the entire panel of
outcomes and conditions.

We recommend that AHRQ evaluate the feasibility of generating early national estimates from
guarterly data in much the same vein as we have evaluated the use of annual data. One should
start by identifying the states for which it is possible to obtain early quarterly data (one, two,
three, or four quarters of early data) by a designated cutoff date, such as August 1. We should
then use the historical SID annual data, dividing it up into quarters, to simulate the arrival of
early SID quarterly data and attempt to estimate national outcome statistics for the same list of
diagnoses, procedures, and PSls that we used in this study. One additional complexity to the
estimation process will be to account for the within-year trends for some diseases. However,
we do not expect that to pose a significant challenge.
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Table 4. Comparison of unstratified early estimates

85
(57 %) (61 %) (48 %) (82 %) (82 %0 (49 %) (62 %) (59 %) (58 %) (73 %) (76 %) (59 %)
1 1 1 2 2 0 0 0 2 1 1 1
4 4 1 4 4 2 4 4 1 3 3 3
4 4 1 3 3 1 4 4 2 4 4 3
1 1 1 3 3 2 1 1 2 4 4 3
3 3 3 3 3 3 2 2 3 2 2 3
1 2 3 4 4 2 2 2 3 3 3 3
2 2 3 3 3 3 2 0 1 3 3 1
4 4 2 2 2 1 3 2 2 3 3 2
3 3 3 3 3 2 3 3 4 4 3 2
3 3 3 4 4 2 2 2 2 3 4 3
0 0 1 3 3 4 2 2 3 3 4 3
3 2 1 4 4 1 3 3 1 2 2 3
1 1 1 3 3 0 0 0 2 3 3 1
3 3 2 3 3 3 3 3 4 3 3 2
2 2 1 4 4 2 2 2 4 2 2 1
2 2 2 2 2 1 0 0 2 0 0 0
3 3 2 3 3 3 4 4 2 2 2 4
4 4 1 4 4 2 3 3 3 3 3 1
2 1 3 3 3 2 2 2 2 1 3 3
2 2 2 3 3 2 4 4 3 4 4 3
2 2 2 3 3 2 2 1 1 4 4 2
2 2 2 3 3 3 3 3 2 4 4 2
2 3 2 2 2 3 4 4 2 4 4 4
2 1 0 2 2 0 2 1 0 1 1 0
0 1 2 1 1 1 1 2 1 0 0 1
3 2 2 3 3 2 0 0 1 3 3 3
3 3 0 4 4 1 4 4 3 4 4 2
0 2 3 4 4 1 2 3 2 3 3 2
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Table 5. Comparison of stratified earl

estimates

54 58 54 88 87 51 62 61 52 75 79 51
(52%)|  (56%)| (52%)| (85%)| (84%)| (49%)| (57%)| (59%)| (50%)| (72%) (76%) (49 %)
1 1 0 2 2 1 1 1 1 0 1 1
3 3 4 4 4 1 4 4 1 3 3 2
4 4 1 3 3 1 4 4 1 4 4 3
0 1 2 4 4 3 1 1 2 4 4 2
3 3 3 3 3 2 1 1 3 1 2 2
1 1 1 4 4 2 3 3 1 3 3 2
2 2 3 3 3 4 3 2 2 3 3 2
2 4 2 2 2 2 2 1 2 4 3 0
3 3 2 4 3 2 3 4 2 3 3 3
3 3 2 4 4 1 2 2 3 4 4 3
0 0 2 3 3 4 2 3 3 3 4 1
1 1 2 4 4 4 3 3 1 3 4 2
1 1 2 3 3 2 0 0 3 3 3 2
3 3 2 3 3 1 4 4 3 2 3 2
2 2 2 4 4 0 2 2 3 2 2 0
2 2 0 2 2 0 0 0 0 1 0 0
3 3 3 3 3 2 4 4 1 2 3 2
4 4 1 4 4 1 3 2 1 3 3 2
1 1 3 3 3 1 2 2 1 2 2 4
2 2 3 3 3 2 4 4 1 3 3 0
2 2 2 3 3 2 0 0 1 3 3 1
2 2 2 3 3 1 2 2 4 4 4 2
2 3 4 2 2 4 4 4 3 4 4 2
1 1 0 2 2 0 1 1 2 1 1 1
0 0 2 1 1 1 2 2 1 0 0 2
2 2 2 4 4 1 0 0 2 3 3 2
3 3 2 4 4 4 4 4 3 4 4 3
1 1 0 4 4 2 1 1 1 3 3 3
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Figure 3. RMSE for ALOS, stratified estimates vs. previous NIS estimate
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Figure 4. RMSE for Mean Charges, stratified estimates vs. previous NIS estimate
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Figure 5. RMSE for Mortality Rates, stratified estimates vs. previous NIS estimate
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Figure 6. RMSE for Total Discharges, stratified estimates vs. previous NIS estimate
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Table 6. ALOS correlations between state and NIS estimates, 2002 — 2006
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Table 7. Mean charge correlations between state and NIS estimates, 2002 — 2006
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Table 8. Mortality rate correlations between state and NIS estimates, 2002 — 2006
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