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R eadmission rates are frequently used as a hospital 
quality metric, with use including payment incentive at 
the hospital level,1 specific condition quality measure-
ment,2 balancing measures for quality improvement 

projects,3-5 transition success,6,7 and use in public hospital rank-
ings.8 Currently, four methods are commonly used to evaluate 
pediatric readmissions, each with strengths and limitations, in-
cluding the following (Appendix Table 1):

1. All-cause readmissions: A measure of any readmission with-
in a given time period regardless of the reason for readmission.9 

2. Unplanned readmission/time flag: A measure intended to 
identify unplanned readmissions. This measure relies on time 
designations within the electronic health record. The time be-
tween hospital registration and admission is calculated, and 
if the readmission is registered more than 24 hours prior to 

admission, the readmission is considered planned.10 Hereafter, 
this measure will be referred to as the time flag measure.

3. Pediatric all-condition readmission (PACR): A measure in-
tended to identify unplanned readmission through the exclu-
sion of certain procedures and diagnoses.11 

4. Potentially preventable readmission (PPR): A method to 
identify preventable readmissions based on a proprietary algo-
rithm developed by 3M Health Information Systems.12,13 

While all four of these measures are used to assess quality, 
there is little known about these measures’ ability to exclude 
planned readmissions and identify only preventable pediatric 
readmission, which conceptually is most relevant to the quality 
of care. However, many of these measures were not intended to 
capture preventability, but instead capture the related issue of 
whether the readmission was planned. Therefore, we sought to 
evaluate the four readmission measures as they relate to both 
preventability and unplanned status as determined through 
medical record review with multidisciplinary care provider input.

METHODS
As part of a hospital-wide readmission reduction quality im-
provement collaborative at a free-standing tertiary care children’s 
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BACKGROUND: Readmission rates are frequently used 
as a hospital quality metric; yet multiple measures exist to 
evaluate pediatric readmission rates. We sought to assess 
how four different measures of pediatric readmission 
compare with assessment of both preventable and 
unplanned readmission. 

METHODS: Clinicians on hospital medicine, cardiology, 
neonatology, and neurology teams reviewed medical 
records for 30-day readmissions using an abstraction 
tool with high interrater reliability for preventability 
assessment. Readmissions between July 2014 and June 
2016 were classified separately as preventable or not 
preventable and planned or unplanned. We compared 
the classifications to four existing readmission metrics: 
all-cause readmission, unplanned readmission/time flag 
classification, the pediatric all-condition readmission, 
and potentially preventable readmission. We calculated 
sensitivity and specificity for all readmission metrics. 

RESULTS: Among 30-day readmissions considered, 
1,643 were eligible for medical record review; 1,125 
reviews were completed by the clinical teams (68%). 
On medical record review, the majority of readmissions 
were determined not preventable (85%). Only 15% were 
classified as unplanned and preventable. None of the 
four readmission measures had appropriate sensitivity or 
specificity for identifying preventable readmission. The 
unplanned readmission/time flag classification had the 
highest sensitivity (95%) and specificity (90%) in identifying 
unplanned readmissions. 

CONCLUSION: None of the existing pediatric readmission 
measures can reliably determine preventability. The 
unplanned readmission/time flag measure performed best 
in identifying unplanned readmissions. Journal of Hospital 
Medicine 2020;15:723-726. © 2020 Society of Hospital 
Medicine
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hospital, clinicians from hospital medicine, cardiology, neonatol-
ogy, and neurology teams reviewed 30-day readmissions using 
a standardized abstraction tool. All readmission events (obser-
vation or inpatient encounter) after any discharge (observation 
or inpatient encounter) from eligible units were reviewed; there-
fore, each hospitalization was a potential index hospitalization. 
We classified the preventability of each readmission with use of a 
previously described Likert scale with high interrater reliability.14 
For these analyses, readmissions were considered preventable 
if the reviewing team rated them as either “more likely prevent-
able” or “preventable in most circumstances.” Each readmission 
was also evaluated as planned or unplanned. Methods for read-
mission review and classification are in the Appendix.

We included all readmissions between July 2014 and June 
2016. We compared the medical record review classifications 

with the assessments from each of the four measures of pedi-
atric readmission. We calculated sensitivity and specificity for 
both outcomes (planned/unplanned and preventable/not pre-
ventable) for all four measures. For standardization of discus-
sion, we categorized description of measure performance as 
“very poor” as less than 50%, “poor” between 50%-75%, “fair” 
as 75%-85%, “good” as 85%-90%, “very good” as 90%-95% 
and excellent as greater than 95%. We also calculated posi-
tive and negative predictive value (PPV and NPV) over plausi-
ble ranges of prevalence using the sensitivity and specificity of 
each comparison (Appendix).

Of note, certain exclusions are outlined by the PACR and 
PPR algorithms. The PACR evaluates only readmission events 
that occur in children younger than 18 years. The PPR algo-
rithm does not assign preventability if either the index or read-

TABLE. Sensitivity and Specificity of Preventable and Unplanned Readmission Metrics

Sensitivity and Specificity of Preventable and Unplanned Readmission Metrics

Preventable Not preventable Unplanneda Planneda

A. All-Cause

N= 1125

Yes 174 951 885 227

No 0 0 0 0

Sensitivity and specificity Sensitivity = 100% Specificity = 0% Sensitivity = 100% Specificity = 0%

Estimated PPV and NPV based on varying prevalenceb PPV@10% = 10%

PPV@20% = 20%

PPV@30% = 30%

NPV@10% = N/A

NPV@20% = N/A

NPV@30% = N/A

PPV@60% = 60%

PPV@65% = 65%

PPV@70% = 70%

NPV@60% = N/A

NPV@65% = N/A

NPV@70% = N/A

B. Time flag measure

N = 1125

Unplanned 158 716 843 23

Planned 16 235 42 204

Sensitivity and specificity Sensitivity = 90.8% Specificity = 24.7% Sensitivity = 95.3% Specificity = 89.9%

Estimated PPV and NPV based on varying prevalenceb PPV@10% = 11.8%

PPV@20% = 23.2%

PPV@30% = 34.1%

NPV@10% = 96.0%

NPV@20% = 91.5%

NPV@30% = 86.2%

PPV@60% = 93.4%

PPV@65% = 94.6%

PPV@70% = 95.6%

NPV@60% = 92.7%

NPV@65% = 91.1%

NPV@70% = 89.0%

C. PACR

N = 804

Qualifying readmission 114 491 543 56

Not qualifying 17 182 104 93

Sensitivity and specificity Sensitivity = 87.0% Specificity = 27.0% Sensitivity = 83.9% Specificity = 62.4%

Estimated PPV and NPV based on varying prevalenceb PPV@10% = 11.7%

PPV@20% = 23.0%

PPV@30% = 33.8%

NPV@10% = 94.9%

NPV@20% = 89.3%

NPV@30% = 82.9%

PPV@60% = 77.0%

PPV@65% = 80.6%

PPV@70% = 83.9%

NPV@60% = 72.1%

NPV@65% = 67.6%

NPV@70% = 62.5%

D. PPR

N = 487

Preventable 53 204 239 17

Not preventable 26 204 166 61

Sensitivity and specificity Sensitivity = 67.1% Specificity = 50.0% Sensitivity = 59.0% Specificity = 78.2%

Estimated PPV and NPV based on varying prevalenceb PPV@10% = 13.0%

PPV@20% = 25.1%

PPV@30% = 35.5%

NPV@10% = 93.2%

NPV@20% = 85.9%

NPV@30% = 78.0%

PPV@60% = 80.2%

PPV@65% = 83.4%

PPV@70% = 86.3%

NPV@60% = 56.0%

NPV@65% = 50.7%

NPV@70% = 45.0%

a13 readmissions are missing from planned/unplanned determination by chart review. 
bThe provided estimates of PPV and NPV are based on different plausible range of prevalence of readmission type with sensitivity and specificity kept constant. For preventable readmissions, 
the prevalence ranges presented are between 10% and 30%; for unplanned readmissions, the prevalence is between 60% and 70% of all readmissions. PPV and NPV cannot be calculated (not 
applicable, N/A) when there are zero readmissions in the “No” category of the metric.

Abbreviations: NPV, negative predictive value; PACR, pediatric all-condition readmission; PPR, potentially preventable readmission, based on 3M Health Information Systems software; PPV, 
positive predictive value.
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mission event is classified as an observation stay or if it is part 
of a larger chain of readmissions. 

RESULTS 
Among 30-day readmissions considered, 1,643 were eligible 
for medical record review; 1,125 reviews were completed by 
the clinical teams (68.5%). The median time to readmission 
was 7 days (interquartile range [IQR], 4-18). Most children were 
non-Hispanic White (71%) or Black (20%). The median age at 
hospitalization was 2.3 years (IQR 0.4-12.1). Most children had 
Medicaid (56%) or private (41%) insurance. Most of the reviews 
were performed in cardiology (43%) and hospital medicine 
(37%) with patients in neurology (13%) and neonatology (7%) 
constituting the remaining reviews. Uncontrolled advance-
ment of chronic disease was the most common readmission 
category on medical record review (25.1%), followed by unre-
lated readmission (20.7%), scheduled readmission (20.4%), and 
progression of acute disease (16.6%) (Appendix Table 2).

Assessment of Preventable and Unplanned  
Readmissions
On multidisciplinary medical record review, most readmis-
sions were classified as not preventable (84.5%). Specifically, 
64% were not preventable and unplanned; 20% were deemed 
not preventable and planned. Only 15% were classified as un-
planned and preventable and 1% as planned and preventable 
(Appendix Figure: Population A/B). 

Matching Chart Review to the Four Algorithms
All 1,125 readmissions were assessed by the all-cause and 
time flag readmission measures (Appendix Figure: Population 
A/B). After applying algorithm exclusions (details in Appendix), 
only 804 of the 1,125 (71.5%) reviewed readmissions matched 
for PACR readmission comparison (Appendix Figure: Popula-
tion C); 487 of the 1,125 (43.3%) of the reviewed readmissions 
matched for PPR comparison (Appendix Figure: Population D). 

All-Cause
Because all-cause determines only if a readmission occurs, the 
measure is by definition 100% sensitive and 0% specific in both 
assessment of preventability and unplanned readmission (Ta-
ble: Section A).

Time Flag
The time flag measure identified 80% (866/1,112) of the read-
missions as unplanned. This measure had very good sensitivity 
but very poor specificity in identifying preventable readmis-
sions, which corresponded to very poor PPV and good to ex-
cellent NPV. In terms of identifying unplanned readmissions, 
the time flag measure had excellent sensitivity and very good 
specificity, which corresponded to very good to excellent PPV 
and good to very good NPV (Table: Section B).

PACR
The PACR algorithm identified 75% (599/796) of readmissions 
as unplanned. The PACR has good sensitivity but very poor 

specificity in identifying preventable readmissions, which cor-
responded to very poor PPV and fair to very good NPV. In 
terms of identifying unplanned readmissions, the PACR had 
fair sensitivity but poor specificity, which corresponded to fair 
PPV and poor NPV (Table: Section C).

PPR
The PPR algorithm identified 53% (257/487) of admissions as 
potentially preventable. The PPR algorithm had poor sensi-
tivity and specificity in identifying preventable readmissions, 
which corresponded to very poor PPV and fair to very good 
NPV. In terms of identifying unplanned readmissions, the PPR 
algorithm had poor sensitivity and fair specificity in identifying 
unplanned readmissions, which corresponded to fair to good 
PPV and very poor to poor NPV (Table: Section D).

Evaluation of Excluded Readmission Events
Because both the PACR and PPR had large numbers of al-
gorithm exclusions, we describe the preventability and un-
planned assessment of the excluded readmission events. Both 
algorithms excluded preventable events. Of the 321 readmis-
sions excluded by the PACR algorithm, 13.4% were classified 
as preventable by chart review.  Likewise, 14.9% of 638 read-
missions excluded by PPR were classified as preventable by 
chart review.

DISCUSSION
The ability to accurately capture preventable pediatric read-
mission is a goal for hospital quality experts and health poli-
cymakers alike. Of the four commonly used readmission mea-
sures to assess readmission, only PPR is designed to focus on 
preventability. Unfortunately, none of these four measures is 
adequately sensitive or specific to identify preventable read-
missions; all measures had very poor PPV for preventability.  
Of the four measures, the time flag measure had the best 
sensitivity, specificity, PPV, and NPV for identifying unplanned  
readmissions. 

The overall percentage of unplanned readmissions iden-
tified by both the time flag and by PACR measures match 
the overall percentage of unplanned readmissions identified 
in chart review: The time flag measure identified 80% of ad-
missions as unplanned versus 79% identified by chart review 
(Appendix Figure: Population A/B); PACR classified 75% as un-
planned versus 81% identified by chart review for PACR-eligi-
ble readmissions (Appendix Figure: Population C). In contrast, 
the PPR algorithm classified many more readmissions as po-
tentially preventable (53%) than were identified by chart review 
at only 16% (Appendix Figure: Population D). The PACR and 
PPR algorithms also exclude a significant number of readmis-
sions that are unplanned and a smaller, but not trivial, number 
of readmissions that are preventable; these exclusions limit 
their accuracy.

The ability to apply these four measures in real time during 
a hospitalization varies by metric. Two of the measures, the 
all-cause and time flag, can be applied during a readmission 
event, which is appealing for quality improvement initiatives. 
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These measures allow for notification of providers that a cur-
rent hospitalization is a readmission event, which allows pro-
viders the opportunity to learn from these events as they oc-
cur (Appendix Table 1). While “unplanned” is not the same as 
“potentially preventable,” almost all potentially preventable 
readmissions are unplanned; therefore, accurately identifying 
unplanned readmissions is more beneficial than all-cause. Ad-
ditionally, a low all-cause readmission rate can be indicative of 
poor access to scheduled procedures. Nevertheless, all-cause 
readmission is sometimes used to measure quality.1,8 While the 
time flag measure may be more useful for quality improvement 
initiatives and hospital providers, it relies on hospital registra-
tion time, which is not widely available in administrative data 
sources and, therefore, has limited usefulness to policymakers. 

Both PACR and PPR require administrative claims analysis, 
which is appealing from a policy standpoint. However, the re-
liance on claims data means the inclusion/exclusion of events 
can occur only retrospectively, which limits the usefulness of 
these measures in learning and intervening in real time. When 
the two measures are compared, PACR offers better sensitiv-
ity and PPR offers better specificity with regard to identifying 
unplanned readmission. The PPR software overcalls prevent-
able readmissions, identifying more readmissions as prevent-
able than there actually are. Nevertheless, Medicaid in several 
states uses PPR for payment incentive.1,15-17 Given the poor per-
formance of PPR in assessing both preventable and unplanned 
pediatric readmission, the use of this measure as a quality met-
ric should be limited. 

This study should be considered in the context of several 
limitations. Because the assessment of preventability was de-
termined as part of a learning quality improvement collabora-
tive and not as a planned research endeavor, not all readmis-

sion reviews were completed nor were other existent tools18 
that allow for preventability assessment via more structured 
medical record review used. Second, we reviewed cases only 
from certain clinical services, which would limit generalizability 
of these findings to all pediatric admissions. However, given 
the low sensitivity and specificity of some of the metrics, we 
would not anticipate that the addition of other types of ad-
missions would improve the sensitivity and specificity enough 
to ensure reliability. Third, while we relied on an established 
method to determine preventability, prior work has demon-
strated that additional information gathered from families may 
change preventability.19 Finally, due to the exclusions required 
by the PPR and PACR algorithms, not all readmission events 
were reviewed. However, these exclusions reflect the actual 
specifications of use for both measures.

CONCLUSION
The PPR software has poor fidelity in identifying preventable 
and unplanned pediatric readmission; this finding has broad 
policy implications given how widely it is used by state Med-
icaid offices to assess financial penalties. Among the four pe-
diatric readmission measures used, the time flag metric best 
identifies unplanned readmissions.
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