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ABSTRACT
Background In the USA, administrative data-
based readmission rates such as the Centers for
Medicare and Medicaid Services’ all-cause
readmission measures are used for public reporting
and hospital payment penalties. To improve this
measure and identify better quality improvement
targets, 3M developed the Potentially Preventable
Readmissions (PPRs) measure. It matches clinically
related index admission and readmission diagnoses
that may indicate readmissions resulting from
admission- or post-discharge-related quality
problems.
Objective To examine whether PPR software-
flagged pneumonia readmissions are associated
with poorer quality of care.
Methods Using a retrospective observational
study design and Veterans Health Administration
(VA) data, we identified pneumonia discharges
associated with 30-day readmissions, and then
flagged cases as PPR–yes or PPR–no using the PPR
software. To assess quality of care, we abstracted
electronic medical records of 100 random
readmissions using a tool containing explicit care
processes organised into admission work-up, in-
hospital evaluation/treatment, discharge readiness
and post-discharge period. We derived quality
scores, scaled to a maximum of 25 per section
(maximum total score=100) and compared cases
by total and section-specific mean scores using t
tests and effect size (ES) to characterise the clinical
significance of findings.
Results Our abstraction sample was selected from
11 278 pneumonia readmissions (readmission
rate=16.5%) during 1 October 2005–30
September 2010; 77% were flagged as PPR–yes.
Contrary to expectations, total and section mean
quality scores were slightly higher, although

non-significantly, among PPR–yes (N=77) versus
PPR–no (N=23) cases (respective total scores, 71.2
±8.7 vs 65.8±11.5, p=0.14); differences
demonstrated ES >0.30 overall and for admission
work-up and post-discharge period sections.
Conclusions Among VA pneumonia
readmissions, PPR categorisation did not produce
the expected quality of care findings. Either
PPR–yes cases are not more preventable, or
preventability assessment requires other data
collection methods to capture poorly documented
processes (eg, direct observation).

INTRODUCTION
In the USA, readmission rates are increas-
ingly being adopted as hospital perform-
ance measures for public reporting and
payment in an effort to improve care
and decrease costs. The Centers for
Medicare and Medicaid Services (CMS)
posts 30-day all-cause readmission rates
after discharge for three selected medical
conditions (acute myocardial infarction,
heart failure (HF), pneumonia) on its
Hospital Compare website and penalises
hospitals with excessive readmission rates
under the Medicare Hospital Readmission
Reduction Program.1 2 CMS selected these
conditions because they are common
reasons for hospitalisations and readmis-
sions, result in substantial healthcare costs,
and have associated evidence-based pro-
cesses of care that may reduce 30-day read-
missions.3–6 Despite general agreement
that at least some readmissions are prevent-
able through improved quality of care, the
actual proportion is uncertain (5–79%),7

as is the extent to which they result from
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patient- and community-level factors that are outside a
hospital’s control.
Recognising the need to identify readmissions that

are more likely to be preventable and therefore better
quality improvement targets, 3M Health Information
Systems developed the commercially available
Potentially Preventable Readmissions (PPRs) software.
Like the CMS measures, the PPRs use administrative
data. A PPR is defined as a readmission that is clinically
related to care received during or following the prior
hospitalisation within a specified time interval and that
might have been prevented by appropriate care.8

Specifically, a readmission is considered potentially
preventable if it might have been prevented through
“provision of quality care in the initial hospitalization;
adequate discharge planning; adequate post-discharge
follow-up; [or] coordination between inpatient and
outpatient healthcare teams.”8 This definition was put
into operation by clinician panels determining ‘clinical
relatedness’ through pairing ‘all patient refined-
diagnosis related groups’ from the index admission and
subsequent readmission.8 Non-PPR readmissions are
considered less likely to be preventable for reasons
such as being not clinically related, or clinically related
but with low preventability (eg, a patient with a bone
marrow transplant readmitted with shingles after a
pneumonia admission).8

Although the degree to which such paired admissions–
readmissions reflect process of care deficiencies and are
therefore potentially preventable is unclear, State
Medicaid programmes are increasingly adopting the
PPRs for public reporting and hospital payment.9–11

A recent Medicare Payment Advisory Commission ana-
lysis lent some face validity to the PPRs, as condition-
specific PPR rates dropped slightly more than CMS all-
cause readmissions from 2009 to 2011.12 While both
CMS readmission measures and PPRs are intended for
hospital-level comparisons, hospitals concerned about
their rates and targeting quality improvement activities
require information on preventability at the individual
case level. Therefore, using the cohort of pneumonia dis-
charges and associated all-cause readmissions identified
by CMS methods, we examined whether the PPR algo-
rithm identifies readmissions that are more likely to be
preventable based on electronic medical record (EMR)
review. Because software-flagged PPR cases are consid-
ered more preventable than unflagged cases, we hypothe-
sised that they would demonstrate more processes of care
failures. The Veterans Health Administration’s (VA’s)
comprehensive highly integrated national EMR system,
containing both inpatient and outpatient information,
enables us to assess an extensive range of processes and
include the post-discharge/outpatient setting.13

METHODS
Study design
This was a cross-sectional retrospective observational
study using VA administrative and EMR data from

1 October 2005 to 30 September 2010. We obtained
relevant institutional review board approvals.

Data sources
We obtained inpatient information (demographics,
ICD-9-CM coded diagnoses and procedures and dis-
charge status) and outpatient encounter diagnoses
from the VA’s National Patient Care Database and
dates of death from VA vital status files.14 We accessed
VA EMR data using VistaWeb.15 We also used CMS
MedPar files for selected sensitivity analyses.

Study sample
Since we were interested in how the PPR measure
potentially improves upon the CMS all-cause pneumo-
nia readmission measure, we used CMS methods, as
described in previous work, to identify all VA acute
index discharges with a principal diagnosis of pneumo-
nia during FY07 through FY10 associated with a VA
readmission within 30 days.4 16 Although the PPR
measure also excludes certain admissions as ineligible
because they require “follow-up care that is intrinsically
clinically complex and …preventability is difficult to
assess” (eg, admissions for ‘major or metastatic malig-
nancy’),8 we retained these PPR-ineligible cases to be
consistent with CMS methods, which include these
cases. For similar reasons and to simplify EMR abstrac-
tion, we used CMS methods to identify index admis-
sions associated with a single readmission, defined as
the first VA acute-care hospitalisation occurring within
the 30-day post-index discharge period.4 8 Of 68 158
index discharges, 11 278 (16.5%) were readmitted.
We next applied the 3M PPR software (V.28.0) to

flag readmissions as a PPR (yes/no; the software also
identifies ineligible cases, which we included with the
PPR–no cases). We randomly selected 600 index dis-
charge–readmission pairs for potential EMR abstrac-
tion. Our goal was to fully review 100 pairs. (We
expected to exclude cases intended as CMS exclusions
that were not captured by the administrative data and
that might make attributing a readmission to the care
associated with the index hospitalisation and/or post-
discharge period harder, such as having a transfer out
to a non-VA hospital. We also excluded planned read-
missions, consistent with both PPR and CMS
methods).4 8 Assuming a SD of 10 for the 0–100
quality score (described below) and a 0.05 significance
level, a sample size of 100 gave us approximately
90% power to detect a half SD difference in quality
scores between PPR–yes and PPR–no cases. This
represents a medium effect size (ES) and, is a thresh-
old widely used to discriminate change.17 18 (See
figure 1 for further study sample details).

Development of explicit process criteria representing
pneumonia standard of care
Figure 2 shows the steps involved in developing pneu-
monia process of care criteria. We first identified
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candidate criteria representing the standard of
pneumonia care through an extensive literature
review, including studies on pneumonia readmissions,
pneumonia quality of care, and generic studies on
readmission preventability (see online supplementary
appendix 1), plus national pneumonia clinical practice
guidelines and process measures.1 19–21 Clinical
co-investigators helped to modify the list, yielding 97
criteria. According to previous studies, we grouped
criteria into four sections: (A) admission work-up; (B)
in-hospital evaluation and treatment; (C) discharge
readiness (clinical stability at discharge) and planning;
and (D) post-discharge period.22 23

We then refined criteria using a consensus panel
model based on the RAND/UCLA appropriateness
method.24 We assembled an expert panel of four
internists, three pulmonologists, and three infectious
disease specialists. Using an online survey, panellists
rated individual items on the extent to which they
believed they represented the standard of pneumonia
care using a seven-point scale (1=strongly disagree,
7=strongly agree). Panellists could also propose
additional items or wording changes to existing items.

In line with standard RAND/UCLA appropriateness
methods, we conducted two rating rounds, collating
results after each round. We assessed disagreement/
uncertainty based on median panellist score: <6.0
represented lack of agreement with the item, eligible
for modification/re-rating; median ≥6.0 and no rating
<5 represented strong agreement with the item. We
kept items meeting this latter criterion without further
discussion or rating. After round 1, we discussed
items with disagreement/uncertainty via teleconfer-
ence. Panellists then re-rated items for which there
was a previous lack of agreement (n=48) and rated
any added or modified items (n=5). After this
process, we kept 92 items, those with strong agree-
ment plus those with a median score ≥6.0 and only
one rating <5.

Abstraction tool development/medical record abstraction
We incorporated clinical items into an abstraction tool
if they could be converted to ‘if/then’ statements to
assess quality of care (see online supplementary
Appendix 2a for if/then statement examples). The
tool also included case ascertainment items (ie, the

Figure 1 Study Sample. *This cut-off date, 45 days before the last day of FY2010, accounted for the 30-day span from discharge to
potential readmission, plus the readmission’s length of stay (95% of all hospitalisations had a length of stay <15 days). Our final
sample of 100 cases represented 58 of the 124 Veterans Health Administration’s (VA) acute care hospitals. The median number of
cases per hospital in our abstraction sample was 1, IQR 1–3, range 1–5.
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case had to fit a clinical definition of pneumonia that
included a new chest X-ray infiltrate),25 and selected
items contained in the Pneumonia Severity Index
score.26

Two trained nurse-abstractors reviewed the EMRs.
After piloting the tool on five records, we dropped
items that were present in all cases (eg, having a
white blood cell count performed on admission),
present in very few cases (eg, functional status docu-
mentation), difficult to use as a quality criterion (eg,
the discharge summary documented recommenda-
tions for medication changes—this would require
assessing whether any medication changes or lack
thereof were appropriate), or time consuming to
abstract/of low reliability (eg, “If a medication for a
comorbidity was changed within 24 h of discharge,
then post-discharge follow-up was arranged within
7 days.” We frequently found discrepancies in docu-
mentation of admission medications or in-hospital
changes depending on the source reviewed making
this time consuming to assess and of low inter-rater
reliability). We also dropped several items pertaining
to admission history documentation (unless they were
relevant to appropriate antibiotic choice) since prior
work showed no association between admission
documentation and readmissions.22 This yielded 46
criteria (figure 2 shows the number of items in each

section).We assessed nurse-abstractors’ inter-rater reli-
ability on 20 complete records, achieving 98%
observed agreement across all questions. See online
supplementary appendices 2b and 5 for the final
criteria and abstraction tool, respectively. (The
discharge readiness/planning and post-discharge sec-
tions contained both generic and pneumonia-
specific items.)
Nurses sequentially reviewed 138 of the 600 ran-

domly chosen cases to obtain 100 fully abstracted
cases. The most common reason for exclusion from
full abstraction was that the patient had had a
pneumonia-related admission to a non-VA hospital in
the previous 30 days (n=13) (see figure 1). Clinician
co-investigators (KG, JS) assisted the lead clinical
investigator (AMB) in assessing antibiotic choice and
dosage appropriateness from abstracted data.

Analyses
We compared fully abstracted cases with all VA pneu-
monia discharges with a 30-day readmission by demo-
graphics and selected Elixhauser comorbidities (using
outpatient and inpatient diagnostic codes from admin-
istrative data from 12 months before the index plus
the index admission), length of stay, and time to
readmission.27 We also compared PPR–yes with PPR–
no cases for these same variables, plus selected

Figure 2 Development of explicit pneumonia process of care criteria. *We also abstracted electronic medical record information in
order to ascertain the diagnosis of pneumonia, as well as information on risk factors and severity of illness. These were not included
in list of process of care criteria that made up the quality-of-care score.
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EMR-abstracted comorbidities. We used parametric
and non-parametric tests as appropriate.

Baseline analyses
We compared PPR–yes and PPR–no cases by mean
quality scores as follows: (1) we scaled scores, based on
achievement of specified items (yes/no), to a maximum
of 25 per section and summed scores across sections
(maximum obtainable quality score=100; ‘equal
section weights’); (2) we weighted individual items
equally (regardless of section) and scaled total scores
out of 100 (ie, total score=(number of items achieved/
46 items)×100; ‘equal item weights’). Higher scores
indicate achievement of more process of care items and
therefore higher quality.

Sensitivity analyses
We conducted several sensitivity analyses. (1) We
weighted items using the mean panel rating of the
item then re-ran quality score methods 1 and 2 above.
(2) We re-examined baseline results by modifying the
original items either with respect to the numerator or
denominator specification or dropping items with low
achievement rates. For example, for one item, “the
patient is ready for discharge if the white blood cell
count closest to discharge is stable or falling compared
with the admission value,” we modified the numer-
ator to give a pass to cases only if the decrease was
≥20%. (3) Because 51% of all VA patients and 93%
of those aged ≥65 are VA and Medicare dually
enrolled,28 using CMS MedPar files, we examined the
frequency of post-discharge Medicare use by PPR
status among our abstracted sample and determined
its potential impact on findings.
To further examine the association between the

quality score and PPR status, we ran a multivariate
logistic regression model predicting PPR status, includ-
ing the overall ‘equal section weights’ score, adjusting
for age, race, gender, and number of comorbidities.27

We repeated this using the ‘equal item weights’ score
and individual section scores. We also repeated these
logistic analyses excluding PPR–no cases ineligible for
a PPR (n=8) (see online supplementary appendix 3,
which shows PPR reasons among abstracted cases).
Lastly, to lend further construct validity to our

methods, we examined quality score and time to
readmission associations; we hypothesised that
patients experiencing more quality of care problems
would be readmitted sooner. For the full abstraction
sample, we generated descriptive statistics of consecu-
tive time-to-readmission intervals (0–3, 4–7, 8–14,
15–30 days) by quality score using equal section
weights, then examined quality score and readmission
time associations using a simple correlation, plus
linear regression adjusting for age, gender, race, and
number of comorbidities. We also re-examined PPR–
yes vs PPR–no quality scores using 7- and 14-day
readmission windows. We performed these analyses

using (1) total quality score based on equal section
weights; (2) section scores (scaled out of 25); and (3)
total score without section D, since one would expect
more opportunities to fulfil section D criteria the
further from index discharge.
We compared PPR–yes and PPR–no group scores

using t tests, and calculated ES, which is independent
of sample size, for selected results to characterise the
clinical significance of findings18 (Cohen defines an
ES of 0.2, 0.5, and 0.8 as small, medium, and large,
respectively). For multivariate logistic analyses, we
examined ORs and 95% CIs.

RESULTS
Of the fully abstracted cases, 77% were flagged as
PPR–yes, versus 72% of all pneumonia readmissions
(and 77% of the potential abstraction sample of 600).
Table 1 shows all pneumonia discharges with a
readmission versus fully abstracted cases. There were
no significant differences between these groups and
no obviously associated trends despite some relatively
minor comorbidity prevalence differences. For fully
abstracted cases, table 1 shows PPR–yes and PPR–no
characteristics. Again, no differences were significant.
However, there was a trend towards more comorbid-
ities such as chronic lung disease, HF, and liver
disease, among PPR–yes cases; as expected by our
methodology, PPR–no cases were more likely to have
cancer. PPR–yes cases were also more likely to require
intensive care unit admissions or be nursing home
residents. Comorbidity differences using administra-
tive data were also non-significant (data not shown
for individual comorbidities).
PPR–yes cases had higher achievement rates than

PPR–no cases on 28 of 46 process criteria, although
criterion differences were not significant. Total base-
line scores were slightly higher using the equal item
weight method than the equal section weight method
(70.4±8.7 vs 64.8±12.0) primarily because section D
scores were low and contained only 22% of items. By
both methods, scores were slightly higher among
PPR–yes versus PPR–no cases, although differences
were non-significant; however, ES were midway
between small and medium for total score by both
methods (>0.30) and for sections A (admission work-
up) and D (0.30 and 0.40, respectively) (see table 2).
Sensitivity analyses: panel weights: We obtained

similar results when weighting items using panel
weights. Scores were slightly higher for all sections
except section D, as were total scores, again with a non-
significant trend towards higher scores among PPR–yes
cases and slightly larger ES (≥0.40) (see table 2).
Individual item numerator/denominator modifica-

tions or deletion if low achievement rates: No item
modifications or deletions had any meaningful
effect on findings (data not shown; available from
authors).
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Potential Medicare use impact: Of the sample, 16%
had Medicare outpatient claims between index discharge
and readmission, representing 17% (n=13) of PPR–yes

and 13% (n=3) of PPR–no cases (p=1.0). Recalculating
results after removing either section D or cases with
non-VA post-discharge care did not alter the findings.

Table 1 Characteristics of all pneumonia discharges with a readmission and abstracted sample*

All pneumonia discharges with a readmission (n=11 278)

PPR status—fully
abstracted cases
(n=100)

Variable Not fully abstracted (n=11 178) Fully abstracted (n=100) Yes (n=77) No (n=23)

Age, mean (SD)† 71.0 (12.2) 71.1 (13.1) 73.0 (12.2) 67.0 (15.2)

Sex, male, n (%) 10 950 (98.0) 96 (96.0) 75 (97.4) 21 (91.3)

Race, n (%)‡

White – – 56 (72.7) 14 (60.9)

Black – – 10 (13.0) 6 (26.1)

Hispanic – – 5 (6.5) 2 (8.7)

Other – – 6 (7.8) 1 (4.3)

Length of stay, days, median (25th, 75th centile) 5 (3, 8) 5 (3, 9.5) 5 (3, 10) 5 (4, 8)

Time to readmission, days, median (25th, 75th centile) 12 (5, 20) 9.5 (4.5, 19) 9 (4, 19) 12 (6, 16)

Severity of illness, n (%)§

1—Minor 611 (5.5) 2 (2) 2 (2.6) 0 (0)

2—Moderate 4665 (41.7) 47 (47.0) 36 (46.8) 11 (47.8)

3—Major 4867 (43.5) 41 (41.0) 30 (39.0) 11 (47.8)

4—Extreme 1034 (9.3) 10 (10) 9 (11.7) 1 (4.4)

Number of Elixhauser comorbidities, mean (SD)¶ 5.9 (2.5) 5.8 (2.4) 6.0 (2.5) 5.1 (2.1)

Selected Elixhauser comorbidities, n, %¶

Heart failure 3901 (34.9) 34 (34.0) – –

Chronic pulmonary disease 6874 (61.5) 69 (69.0) – –

Metastatic cancer 858 (7.7) 3 (3.0) – –

Solid tumour without metastasis† 3022 (27.0) 19 (19.0) – –

Liver disease 828 (7.4) 8 (8.0) – –

Renal failure 3105 (27.8) 31 (31.0) – –

Psychoses 2152 (19.3) 23 (23.0) – –

Depression 2929 (26.2) 24 (24.0) – –

Selected EMR-abstracted comorbidities, n (%)**

Chronic lung disease – – 53 (68.8) 13 (56.5)

COPD†† – – 46 (59.7) 11 (47.8)

Cancer – – 6 (7.8) 3 (13.0)

Liver disease – – 5 (21.7) 4 (17.4)

Heart failure – – 23 (29.9) 3 (13.0)

Stroke – – 10 (13.0) 2 (8.7)

Chronic kidney disease – – 19 (24.7) 7 (30.4)

Receiving home oxygen† – – 20 (26.0) 2 (8.7)

Intensive care unit admission, n (%) – – 15 (19.5) 2 (8.7)

Nursing home patient, n (%) – – 14 (18.2) 2 (8.7)

*No significant differences (ie, no p<0.05) between groups (not fully abstracted pneumonia readmissions vs abstracted cases and PPR–yes
vs PPR–no cases).
†Indicates differences with p values between 0.05 and 0.10. For age, this only applies to the PPR–yes vs PPR–no comparison. All other p values were
>0.10.
‡Our administrative dataset did not contain race.
§This is derived from the APR-DRGs which classify patients according to their reason for admission and severity of illness. Severity of illness level is
APR-DRG-specific and takes into account the patient’s age, principal diagnosis, secondary diagnoses and procedures from the index admission.29

¶Consists of 29 Elixhauser comorbidities obtained from administrative data (both inpatient and outpatient) from year before admission up to and including
the index admission.27

**Comorbidities obtained from EMR.
††COPD; subset of chronic lung disease.
APR-DRGs, all patient refined-diagnosis related groups; COPD, chronic obstructive pulmonary; EMR, electronic medical record; PPR, Potentially Preventable
Readmission.
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Quality scores as PPR status predictors: Logistic
models adjusted for demographics and comorbidities
showed no significant association between quality
score and PPR status (all CIs included 1.0) (see
table 3). Exclusion of PPR–ineligibles from PPR–no
cases did not affect these results (see online supple-
mentary appendix 4 and table 3s).
For the full sample, quality scores were higher the

longer the time to readmission. This trend was most
apparent for section D, but held even when section D
was removed and was significant by correlations and
multivariate regression modelling (see online supple-
mentary appendix 4 and table 1s). Equal section
weight quality scores by PPR-status comparisons using
7- or 14-day readmission windows were similar to

30-day results. PPR–yes scores were higher than
PPR–no cases; however, associated ES were larger,
especially for the 14-day comparison, with several dif-
ferences of at least of medium clinical significance
(see online supplementary appendix 4, figure 1s and
table 2s).

DISCUSSION
This is one of the few studies to examine whether the
PPR algorithm distinguishes between good and bad
quality of care at the individual case level. Among vet-
erans readmitted after a pneumonia discharge, we
found no significant difference in quality of care, as
measured by processes of care received during the
index admission and after discharge, between cases
flagged as PPRs and non-flagged cases. Indeed, con-
trary to our hypothesis, quality scores were slightly
higher among PPR-flagged cases.
Although both CMS and PPR measures are intended

for hospital-level comparisons of risk-adjusted rates,
we believe our case-level analysis is meaningful.
Although both use slightly different methods to
control for comorbidity, the presumption of each is
that since these important drivers of readmission are
controlled for, resultant high rates must be due, in
part, to modifiable unmeasured factors such as quality
of care.4 8 Thus, to try to improve rates, a hospital
identified as a high outlier by either measure would
have to look for more detailed information at the indi-
vidual patient level to examine whether there were any
quality of care problems. The PPR software attempts to
improve upon the CMS measure by maximising identi-
fication of preventable readmissions (ie, those asso-
ciated with quality of care problems) by matching

Table 2 Quality scores

Variable
Fully abstracted
sample (n=100) PPR–yes (n=77) PPR–no (n=23) p Value Effect size

Baseline analysis

Section A 19.6 (3.1) 19.8 (2.9) 18.8 (3.6) 0.15 0.32

Section B 18.0 (6.1) 18.0 (6.0) 17.9 (6.5) 0.94 0.02

Section C 20.2 (2.1) 20.2 (2.2) 20.2 (1.9) 0.94 0.02

Section D 7.0 (8.0) 7.7 (8.1) 4.7 (7.3) 0.11 0.39

Total score: equal section weight 64.8 (12.0) 65.8 (11.5) 61.6 (13.3) 0.14 0.34

Total score: equal item weight 70.4 (8.7) 71.2 (8.7) 67.9 (8.7) 0.11 0.38

Panel weight analysis

Section A 21.9 (2.9) 22.1 (2.8) 21.2 (3.3) 0.21 0.29

Section B 19.3 (6.2) 19.6 (6.1) 18.5 (6.4) 0.47 0.17

Section C 19.5 (2.6) 19.5 (2.6) 19.4 (2.4) 0.90 0.03

Section D 6.8 (8.0) 7.5 (8.1) 4.4 (7.3) 0.11 0.39

Total score: equal section weight 67.5 (12.3) 68.7 (11.6) 63.6 (13.9) 0.08 0.40

Total score: equal item weight 74.9 (8.8) 75.7 (8.7) 72.1 (8.7) 0.09 0.41

Results are shown as mean (SD).
Section A=admission work-up; section B=in-hospital evaluation and treatment; section C=discharge readiness/discharge planning; section
D=post-discharge period.
Equal section weight method—totals of items within each section scaled to maximum score of 25 and summed to a maximum of 100.
Equal item weight—total of all items scaled to a maximum of 100.
PPR, Potentially Preventable Readmission.

Table 3 Association of quality score and PPR status (PPR–yes vs
PPR–no)

Variable OR 95% CI C statistic

Model 1

Total score: equal section weight 1.03 (0.99 to 1.08) 0.682

Model 2

Total score: equal item weight 1.05 (0.99 1.11) 0.695

Model 3

Section A score 1.11 (0.94 to 1.31) 0.697

Section B score 0.99 (0.91 to 1.08)

Section C score 1.04 (0.81 to 1.34)

Section D score 1.04 (0.97 to 1.12)

All models are adjusted for age, sex, race and number of Elixhauser
comorbidities.
Elixhauser comorbidities consist of 29 comorbidities obtained from
inpatient and outpatient administrative data from year before admission up
to and including the index admission.27

PPR, Potentially Preventable Readmission.
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clinically related admissions and readmissions.8

Despite this refinement, our findings suggest that the
PPRs are no better than CMS measures in ascertaining
which cases are preventable.
Consistent with existing studies, a large proportion

of our readmissions were clinically related based on
admission and readmission administrative codes and
therefore flagged as PPRs (77%).30–32 Estimated pre-
ventable readmission rates from other chart review
studies are generally much lower than observed rates
obtained using the PPRs (5–79%, with a median of
only 27%).7 Jackson et al32 recently compared poten-
tial preventability of readmission as assessed by clin-
ical judgement based on triangulating results from
EMR review and interviews with treating providers
and a subset of patients and their caregivers, with the
PPRs.33 They identified 47% of readmissions as
potentially preventable, versus 78% by the PPRs.32

They concluded that agreement between methods was
insufficient to supplant manual review.32 Others have
also reported concerns about the ability of PPRs to
appropriately flag readmissions that are truly prevent-
able when examined at the individual case level.34

We intentionally measured quality of care using
detailed explicit process of care information to
improve the reliability and generalisability of findings
and focus on items potentially modifiable by a hos-
pital. Notably, the previously cited Jackson et al32

study used implicit review to assess preventability and
included relatively few in-hospital processes of care.33

Moreover, the extent to which some of the concerns
identified might have been dealt with is unclear
(eg, inadequate attention to psychological or social
needs was mentioned as an important problem con-
tributing to preventable readmission in over half of
their cases).32 33 35

In general, process–outcome links supported by
clinical trials have been harder to demonstrate in
observational studies, especially with respect to read-
missions. Of the few prior studies specifically examin-
ing explicit quality of inpatient care criteria and
readmission risk, none included the post-discharge
period.22 36–38 Further, the strongest associations have
been found by aggregating individual processes of
care into a single score or multiple scores representing
different stages of the hospital stay rather than using
individual process measures and also when examining
data at the patient, rather than hospital, level.22 37

Studies examining processes of care and readmis-
sions of patients with pneumonia are scarce, with
most focusing on few criteria. Weissman et al37 used a
case–control design to examine the association
between PPRs, defined as ‘related adverse readmis-
sions’ based on clinician panel assessments of paired
readmission diagnoses and readmission periods, and
index hospitalisation quality of care for patients with
pneumonia and HF. As in our study, charts were
abstracted for several process criteria, including those

related to the admission history, treatment/evaluation
during the stay, and discharge readiness/stability. As
we found, overall explicit quality scores in patients
with pneumonia and related adverse readmissions
were similar to those of other readmitted patients
with pneumonia, but significantly lower than for non-
readmitted patients.37 Notably, the observed associ-
ation was strongest for discharge stability measures.
Other studies of pneumonia have assessed a limited

number of process criteria, with relatively few examin-
ing the association with readmissions. Dean et al39

examined initial antibiotic choice at the hospital level,
while Halm et al40 investigated measures of clinical sta-
bility at discharge at the patient level. Both examined
the association with 30-day readmission and mortality.
The former found a non-significant readmission
decrease and a significant mortality decrease in hospitals
that implemented a specific pneumonia antibiotic guide-
line.39 The latter found that having specific markers of
clinical instability at discharge significantly increased the
risk of both readmissions and death, with the risk
increasing with the number of markers present.40

Ours is among the first studies to examine the PPRs
using detailed discharge-level EMR abstracted pro-
cesses of care and go beyond the inpatient period to
examine post-discharge processes. Further study
strengths include use of the VA EMR, allowing access
to VA-wide care information and performance of mul-
tiple sensitivity analyses, which showed consistent
findings. Additionally, our preliminary findings in
cohorts of patients with acute myocardial infarction
and HF have been similar.41

However, our study had a few limitations. (1) Our
sample size might have been too small to show statis-
tical significance. To deal with this, we calculated ES
which are independent of sample size; the higher-
quality scores among PPR-flagged cases represented
an ES midway between small and medium, but in
the opposite direction than expected.18 (Therefore, if
our sample were larger, we might find that quality
scores were significantly higher in PPR–yes cases but
the ES should remain unchanged.) (2) We dropped
certain criteria that were difficult to find and not
clearly linked to hospitalisation or readmission
(eg, whether an influenza vaccine was given).42 (3) We
do not know whether low ‘post-discharge’ scores
resulted from absence of VA care or poor EMR docu-
mentation of actual care received, although only 36%
of patients had a follow-up visit to a VA provider. (4)
We lacked non-VA EMR post-discharge care informa-
tion. However, for both items 3 and 4, excluding
post-discharge care did not change the findings.
(5) Despite using a well-established consensus method
to develop explicit criteria, the reproducibility of cri-
teria selected and associated weights may vary by clin-
ical panel.43 (6) We did not specifically abstract
process information related to prevention or manage-
ment of potential complications of care (eg,
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antibiotic-related increases in international normalised
ratio in patients receiving warfarin) or management of
active comorbidities (eg, diabetes).
Conceptually, the PPRs represent an attractive alter-

native to an administrative all-cause readmission
measure such as CMS or a preventability measure
based on chart review. The latter would be exceed-
ingly resource intensive and thus impracticable for
large-scale implementation. However, the problems
discussed above illustrate the difficulty in using admin-
istrative data-based readmission measures, such as the
PPRs, to produce information that hospitals can use
to reduce readmissions. These problems would exist
regardless of whether one used a measure based on
ICD-9 codes as in the USA, or one based on ICD-10
codes, which are used in most other countries.
Reasons for readmissions are myriad with many, such
as socioeconomic factors, being difficult to modify by
the hospital.35 44 Similarly, there may be problems in
using the EMR to determine potential preventability.
Lack of EMR documentation of care, such as that

delivered in the post-discharge period, is concerning.
Certain processes, such as those related to patient–pro-
vider communication, may be difficult to document
accurately, requiring other data collection methods
such as direct observation. Nevertheless, it is important
that providers are aware of the need to document all
aspects of care as far as possible. Reaching out to provi-
ders, coders, and hospital senior leadership may be a
necessary step in accomplishing this.
From a hospital perspective it would also be useful

to be able to predict preventable readmissions in
order to prevent them. At the individual readmission
level, PPRs produce a categorical outcome (yes, no or
ineligible). Whether the PPRs could be used to
provide a probabilistic likelihood for readmission, or
recalibrated/modified to identify readmissions that
have a higher likelihood of being preventable, requires
further investigation.

CONCLUSIONS
PPR categorisation did not reflect expected differences
in quality of care received during the index admission
or post-discharge period among readmitted cases.
Although the PPRs represent an important step
towards developing a fairer measure for hospital reim-
bursements than all-cause readmissions, our findings
did not support their use at the individual case level.
Future studies should examine whether the PPRs better
discriminate quality if other data collection methods
are used to capture poorly documented potentially
relevant processes, or if cases are sampled from hospi-
tals with higher and lower than expected PPR rates.
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