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ABSTRACT

Objective: Pneumonia readmissions carry financial ramifications under the Hospital Readmissions Reduction Program (HRRP).
As readmission determination utilizes administrative data, healthcare systems should evaluate accuracy of pneumonia diagnoses.
We sought to develop a systemic process for pneumonia classification review and determine potential effects on pneumonia
readmissions in a tertiary academic medical center in the United States.
Methods: We performed independent reviews of all pneumonia discharges within 48 hours of discharge over a one-year period.
We reclassified all pneumonia discharges into four categories based on the Centers for Disease Control and Prevention reference
standard. Secondary review of discordant classifications was performed by discharging providers to determine final diagnosis.
The primary outcome was readmission rate within 30 days by pneumonia clinical classification category.
Results: Two hundred seventy-eight discharges were reviewed, with overall readmission rate of 18.0%. Independent review
confirmed 191 cases (68.7%) as definite or probable pneumonia, while 87 cases (31.3%) were classified as either probably not or
not pneumonia. Readmission rates differed significantly between cases reviewed as pneumonia vs. those reviewed as unlikely
to be pneumonia (14.1% vs. 26.4%, p < .02). Discharging attending physicians agreed with independent reviewers in 58/87
cases (66.6%), attenuating readmission differences (rate 16.8% for those finalized as pneumonia vs. 22.4% for another diagnosis,
p = .32). Pneumonia readmissions were reduced by 1.2% using the classification standard.
Conclusions: Complex conditions such as pneumonia may be inaccurately diagnosed in many patients, potentially affecting
penalties associated with readmission rates. Therefore, it is imperative that healthcare systems adopt systematic review processes
to standardize diagnoses and improve comparative administrative data.
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1. INTRODUCTION
Hospital readmissions are increasingly scrutinized as a metric
for health care quality and improved patient care, prompting
initiation of the Centers for Medicare & Medicaid Services
(CMS) Hospital Readmissions Reduction Program (HRRP)
in October 2012.[1, 2] The HRRP initially required CMS to
reduce payments for three conditions: pneumonia, conges-
tive heart failure, and acute myocardial infarction, and was
expanded in 2015 to include acute exacerbation of chronic
obstructive pulmonary disease and elective total hip and knee
arthroplasty.[3, 4] A hospital’s excess readmission ratio is a
risk-adjusted measure of a hospital’s readmission perfor-
mance based on patient demographics, comorbidities, and
frailty, compared to the national average for similar patients
with that applicable condition. Penalties under HRRP have
been widespread, with payments reduced to 78% of hospitals
in 2016 and penalties projected to total $420 million.[5] The
effect and financial ramifications of the HRRP make it im-
perative that hospitals and healthcare systems evaluate their
methodology to capture accurate data in the calculation of
readmission rates.

The backbone of the CMS analysis is driven by adminis-
trative/claims data, which numerous studies have used to
evaluate the current readmission environment.[6–8] Multiple
studies have documented the discordance between claims
and clinical data in the diagnosis of myocardial infarction
and pneumonia.[9–11] For example, one study estimated the
sensitivity of five different claims-based pneumonia defini-
tions against a clinical reference standard ranging from only
48% to 66%.[11] In an additional cohort of 7,615 intensive
care unit admissions, investigators found significant overes-
timation and misclassification of pneumonia as the hospital
discharge diagnosis in intensive care unit patients.[12]

The accuracy of pneumonia claims data is complicated fur-
ther by classifications of patients with different severities
of pneumonia into diagnostic categories such as sepsis and
respiratory failure. Based on simulation methods, many
hospitals could improve pneumonia readmission rates by
reclassifying pneumonia patients as having either sepsis or
respiratory failure, depending on clinical parameters.[13] In
addition, there is wide variation in hospitals’ use of principal
diagnoses of sepsis or respiratory failure in patients with
pneumonia.[14] Between 2003 to 2009, one study discovered
hospitalization and inpatient mortality rates for patients with
a principal diagnosis of pneumonia decreased substantially.
However, when the principal diagnoses of sepsis or respira-
tory failure with a secondary diagnosis of pneumonia were
included, the declines in the hospitalization rate and inpatient
mortality were attenuated;[15] this suggests an association of
these results with temporal trends in diagnostic coding. In or-

der for comparisons of administrative data to be accurate and
meaningful, hospitals need defined systems processes that
can accurately reflect final diagnoses and illness severities.

We sought to develop a systematic process for evaluating
pneumonia classification within administrative data to deter-
mine potential effects on publicly reported data. Specifically,
we reviewed whether billing data used in calculating read-
mission rates at our institution accurately classified pneumo-
nia diagnoses as compared to a clinical reference standard.
Additionally, in cases diverging from the clinical reference
standard, we examined the effects of data reclassification of
pneumonia discharges on 30-day readmission rates.

2. METHODS
Duke University Hospital is a tertiary academic medical cen-
ter with approximately 38,000 discharges each year. All
cases of pneumonia were identified using CMS definitions
and endorsed by the National Quality Forum for patients
admitted between December 1, 2012 and December 31,
2013.[16] Patients were excluded if they were < 18 years
of age, died, were discharged against medical advice, or
were an index admission transferred to another acute facility.

A multidisciplinary Pneumonia Readmission Review Team
was formed by members of the divisions of Hospital
Medicine, Infectious Diseases, and Pulmonary Medicine,
as well as Hospital Leadership, to review all identified dis-
charges with a preliminary primary diagnosis of pneumonia
(International Classification of Diseases, Ninth Revision,
Clinical Modification diagnosis codes: 480.X, 481, 482.XX,
483.X, 485, 486, 487.0).[17] Case review included review
of full admission and hospitalization progress, consultation,
and discharge documentation, as well as laboratory data and
radiographs to validate the diagnosis based on the Centers
for Disease Control and Prevention algorithm for defining
clinical pneumonia.

Based on case review, one of three reviewers designated the
“true” primary clinical diagnosis into one of the following
four categories:

(1) Definite Pneumonia: Meets clinical reference standard
criteria.

(2) Probable Pneumonia: Does not meet clinical refer-
ence standard criteria, but no alternative diagnosis is
identified or likely.

(3) Probably Not Pneumonia: Does not meet clinical ref-
erence standard criteria with a possible alternative di-
agnosis.

(4) Not Pneumonia: Does not meet the clinical reference
standard criteria and there is an alternative diagnosis.

If the independent reviewer determined the index case fell
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within categories 1 or 2, then the case was deemed to be
pneumonia and a preliminary diagnosis was confirmed. If
the independent reviewer determined the case fell within cat-
egories 3 or 4, then the case was sent back to the discharging
provider for review via secure email. This email was accom-
panied by a brief explanation of the quality improvement
effort, the review process utilizing the Centers for Disease
Control and Prevention algorithm, and a possible/probable
alternative diagnosis. Upon further review, if the discharging

provider determined the index case to be classified as either
definite or probable pneumonia, then the index case remained
categorized as pneumonia and the preliminary diagnosis was
confirmed. However, if upon review, the discharging provider
agreed the case was not pneumonia, then the diagnosis was
coded based on amended documentation. The process de-
sign included goals for the completion of the initial review
within 48 hours and completion of the secondary process and
documentation changes within 7 business days.

Table 1. Patient and hospitalization characteristics by pneumonia status after independent review
 

 

 All Subjects Not Pneumonia Pneumonia p-value 

All encounters, no. (%) 278 87 (31.29) 191 (68.71)  

Pneumonia score, no. (%)     

 1 94 (33.8)  94 (49.2)  

 2 97 (34.9)  97 (50.8)  

 3 64 (23.0) 64 (73.6)   

 4 23 (8.3) 23 (26.4)   

Age (years)    .36 

 Mean (SD) 64.1 (17.5) 62.7 (19.2) 64.8 (16.7)  

 Median (IQR) 67.0 (54.0-77.0) 67.0 (48.0-77.0) 67.0 (55.0-76.0)  

Gender, no. (%,)    .85 

 Female 127 (45.7) 39 (44.8) 88 (46.1)  

 Race, no. (%)    .37 

American Indian  13 (4.7) 3 (3.5) 10 (5.2)  

Black or African American 84 (30.2) 31 (35.6) 53 (27.8)  

White or Caucasian 181 (65.1) 53 (60.9) 128 (67.0)  

Medicaid or Medicare, no. (%) 203 (73.0) 68 (78.2) 135 (70.7) .19 

CAD, no. (%) 55 (19.8) 17 (19.5) 38 (19.9) .95 

Diabetes, no. (%) 68 (24.5) 20 (23.0) 48 (25.1) .70 

COPD, no. (%) 71 (25.5) 19 (21.8) 52 (27.2) .34 

Asthma, no. (%) 15 (5.4) 3 (3.5) 12 (6.3) .33 

Heart failure, no. (%) 49 (17.6) 10 (11.5) 39 (20.4) .07 

Mental health/substance abuse, no. (%) 121 (43.5) 45 (51.7) 76 (39.8) .06 

Sickle cell, no. (%) 7 (2.5) 6 (6.9) 1 (0.5) < .01 

Comorbidity types, no. (%)    .43 

 None 33 (11.9) 11 (12.6) 22 (11.5)  

 1 to 3 205 (73.7) 67 (77.0) 138 (72.3)  

 4 or more 40 (14.4) 9 (10.3) 31 (16.2)  

Length of stay in days    .06 

 Mean (SD) 4.9 (4.9) 5.7 (7.1) 4.5 (3.4)  

 Median (IQR) 3.0 (2.0-6.0) 4.0 (2.0-7.0) 3.0 (2.0-6.0)  

 Emergency department w/in 30 days, no. (%) 49 (17.6) 22 (25.3) 27 (14.1) .02 

Days to readmission (≤ 30)    .95 

 Mean (SD) 13.7 (8.4) 13.8 (8.6) 13.6 (8.4)  

 Median (IQR) 11.5 (7.0-18.0) 12.0 (7.0-18.0) 10.0 (7.0-20.0)  

 Readmission w/in 30 days, no. (column%, row%) 50 (18.0) 23 (26.4) 27 (14.1) .01 

Note. CAD: coronary artery disease; IQR: interquartile range; SD: standard deviation 

Statistical analysis

The primary outcome was readmission rate within 30 days
by pneumonia clinical classification category. Descriptive
statistics were performed by classification status at each stage
of the review process. Statistical testing was conducted to
measure the association of misclassification and patient char-
acteristics. Categorical data were evaluated with Chi-square
testing and continuous data with student’s T-tests. All analy-
sis was conducted using SAS version 9.4 (Cary, NC). Due to

retrospective analysis of existing data, the study was granted
exempt status by the Duke University Institutional Review
Board (Pro00048675).

3. RESULTS

Overall, 278 pneumonia discharges were reviewed during the
study period. The mean age was 64.1 years, and 203 (73%)
had Medicaid or Medicare (see Table 1). The median length
of stay was 3.0 days. The overall readmission rate of this
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population was 18.0% with a median time to readmission of
11.5 days. Independent review found 191 cases (68.7%) were
definite or probable pneumonia (Categories 1 and 2) in con-
cordance with the preliminary discharging diagnosis, while
87 cases (31.3%) were determined to be probably not or not
pneumonia (Categories 3 and 4). These groups had signifi-
cantly different readmission rates: for cases independently
reviewed and felt unlikely to be pneumonia, the readmission
rate was 26.4%, while for those confirmed to be pneumonia,

the readmission rate was 14.1% (p < .02, see Table 1).

For the 87 reviewed cases that were felt to be inconsistent
with pneumonia after independent review, the primary dis-
charging attending agreed with the independent reviewer
in 58 cases (66.6%, representing 20.9% of the preliminary
pneumonia discharges, see Figure 1). As a result, these 58
cases were ultimately coded under an alternative diagnosis
(see Table 2).

Figure 1. Flowchart of pneumonia process

In the final analysis for the 278 discharges initially diagnosed
as pneumonia, 220 were finalized as pneumonia based on
either independent reviewer agreement with the diagnosis of
pneumonia or primary attending disagreement with the inde-
pendent reviewer’s conclusion. The median length of stay
was not significantly different between the final diagnosis of
pneumonia group and the alternative diagnosis group (3.0
days vs. 4.0 days, p = .14). Additionally, the difference in
readmission rate did not differ significantly for the groups
(22.4% for the alternative diagnosis group and 16.8% for the
pneumonia group, p = .32) (see Table 3). On average, it took
7.8 days to receive notification of a pneumonia discharge
and 3.4 days for review and amendment of discharge docu-
mentation. Overall, the use of the clinical reference standard
reduced the rate of pneumonia readmissions from a possible
18.0% to 16.8%.

4. DISCUSSION
The introduction of the HRRP has significant ramifications
for hospitals capturing metrics for healthcare quality and

subsequent financial impacts. As these metrics and penalties
are compiled from administrative data, it is imperative that
these claims data are accurate and hospitals adopt system
processes to capture accurate data. In this study, our inde-
pendent reviewers identified that 31.3% of pneumonia cases
discharged from our hospital over a 13-month period were
likely not pneumonia, and 20% were formally coded as an
alternative diagnosis based on consultation and re-review of
documentation by the primary attending physician. Overall,
these diagnostic changes revised our potential readmission
rate for pneumonia diagnoses by an absolute 1.2%.

This study reinforces the concern for discordance between
claims data and clinical-based reference standards, especially
for the diagnosis of pneumonia.[9–11] Pneumonia has multi-
ple clinical manifestations and etiologies, making it difficult
to capture using standardized coding schemes.[11, 12] In ad-
dition, variable training with and use of diagnostic criteria
by clinicians for these heterogeneous clinical entities fur-
ther compounds the difficulties of appropriate labeling for
medical coders.
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Table 2. Alternative final diagnoses for patients determined to not have pneumonia after secondary review (n = 58)
 

 

 Frequency Percent Alternative Diagnoses (%) 

Disease of the respiratory system (ICD-9 codes: 460–519) 33 56.9 

 Pneumonitis 6 10.3 

 Influenza  6 10.3 

 Obstructive chronic bronchitis with (acute) exacerbation 4 6.9 

 Acute bronchitis 3 5.2 

 Upper respiratory infection 3 5.2 

 Acute chest syndrome 2 3.4 

 Bronchiolitis 2 3.4 

 Idiopathic pulmonary fibrosis 1 1.7 

 Other 6 10.3 

Symptoms, signs, and ill-defined conditions (ICD-9 codes: 780–799) 13 22.4 

 Dyspnea 4 6.9 

 Hemoptysis 3 5.2 

 Fever 3 5.2 

 Dysphagia 1 1.7 

 Hypoxia 1 1.7 

 Altered mental status 1 1.7 

Endocrine, nutritional and metabolic diseases, and immunity disorders 

(ICD-9 codes: 240–279) 

2 3.4 

 Cystic fibrosis exacerbation 2 3.4 

Injury and poisoning (ICD-9 codes: 800–999) 4 6.9 

 Sepsis 4 6.9 

Neoplasms (ICD-9 codes: 140–239) 3 5.2 

 Metastatic breast cancer 1 1.7 

 Lung cancer 1 1.7 

 Metastatic sarcoma 1 1.7 

Infectious and parasitic diseases (ICD-9 codes: 001–139) 1 1.7 

 Candidemia 1 1.7 

Diseases of the blood and blood-forming organs (ICD-9 codes: 280–289) 1 1.7 

 Leukocytosis 1 1.7 

Diseases of the circulatory system (ICD-9 codes: 390–495) 1 1.7 

 Acute on chronic congestive heart failure 1 1.7 

Note. ICD-9: International Classification of Diseases, Ninth Revision 

Table 3. Hospitalization characteristics of final pneumonia status after secondary review
 

 

 All Subjects Not Pneumonia Pneumonia p-value 

All encounters, no.  278 58 (20.9) 220 (79.1)  

Pneumonia score, no. (%)     

 1 94 (33.8)  94 (42.7)  

 2 97 (34.9)  97 (44.1)  

 3 64 (23.0) 36 (62.1) 28 (12.7)  

 4 23 (8.3) 22 (37.9) 1 (0.5)  

Length of inpatient stay in days    .15 

 Mean (SD) 4.9 (4.9) 5.7 (8.2) 4.6 (3.5)  

 Median (IQR) 3.0 (2.0-6.0) 4.0 (2.0-6.0) 3.0 (2.0-6.0)  

Emergency department w/in 30 days, no. (%) 49 (17.6) 12 (20.7) 37 (16.8) .49 

Days to readmission (≤ 30)    .99 

 Mean (SD) 13.7 (8.4) 13.7 (9.1) 13.7 (8.3)  

 Median (IQR) 11.5 (7.0-18.0) 15.0 (6.0-17.0) 10.0 (8.0-18.0)  

Readmission w/in 30 days, no. (column%, row%) 50 (18.0) 13 (22.4) 37 (16.8) .32 

Note. IQR: interquartile range; SD: standard deviation 
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This study suggests that accurate reclassification of pneumo-
nia diagnosis may have the potential to affect readmission
rates. Cases identified by independent reviewers as likely
secondary to a different diagnosis based on the clinical ref-
erence standard had an almost two-fold significantly higher
readmission rate. Although this result was not statistically
significant after secondary review and final classification by
primary attendings, a six-point difference in readmission rate
remained between the groups with an absolute 1.2% reduc-
tion in readmission rates for pneumonia diagnoses. Overall,
our review period was likely too short to capture an adequate
volume of pneumonia patients, leaving us underpowered to
determine whether this difference is real.

As noted in previous studies, such large changes may affect
whether or not a hospital is penalized for readmissions.[13, 18]

National focus and penalties based on readmissions for spe-
cific conditions are having an important effect on the health-
care system as a whole, as overall and specific condition
readmissions have been decreasing over time.[18–20] Yet with
increasing penalties looming and studies showing diagnostic
heterogeneity across different health systems, hospitals may
feel incentivized to prioritize improving documentation and
administrative data collection over improving clinical care.

Creating a systematic review process of pneumonia diag-
noses with a clinical standard has the potential to lead to
more uniform diagnoses and more accurate administrative
data for comparisons. Although such review increases the
complexity of diagnosis and coding processes, it may be
necessary to ensure accuracy. Our study demonstrates that
independent review alone may alter many pneumonia diag-
nosis codes, although only two-thirds of suggested changes
were adopted by the primary discharging provider, which sup-
ports the argument that a review process should include both
an independent reviewer and the primary attending provider.

This study demonstrates claims data verifications can be
performed in a timely manner, with only 11.2 days from
discharge needed for review and amendment of discharge
documentation. For systems focusing on both accuracy and
efficiency, a similar process with independent review and
subsequent primary verification could be performed in time
to allow for billing. Additionally, such a short verification
timeframe still would allow for relatively rapid data feedback
for ongoing clinical care improvement projects.

Our study must be considered in light of some limitations.
First, the review performed after discharge was retrospective
(rather than real-time). Some have suggested that present

on admission diagnoses could be used instead of discharge
diagnoses for the HRRP—a suggestion we support for pur-
poses of eliminating the retrospective nature of the review,
thereby allowing for real-time review. However, it has been
suggested that present on admission diagnoses also vary
between hospitals and could exclude sicker patients with
pneumonia that are labeled under the diagnosis of sepsis or
respiratory failure.[21] Second, diagnosis codes for sepsis and
respiratory failure were not evaluated to determine if they
met a clinical reference standard for pneumonia, so future
work should be targeted at these diagnosis codes. Third,
the cases captured and evaluated were those documented
only as pneumonia on discharge; consequently, there was
likely a subset of missed patients who were not accurately
documented as pneumonia on discharge. Fourth, there are
numerous diagnoses with the potential to be misclassified as
(or as not) pneumonia diagnoses, as well as other diagnoses
for which there is increased payor scrutiny, so one challenge
at the health system level is identifying which diagnoses
health systems should prioritize for review. Finally, due to
resource restraints, only one independent reviewer evaluated
each case, so we were not able to assess reliability between
reviewers. Although two independent reviewers with a third
independent arbitrator may have been optimal from a study
standpoint, such a review process would be more difficult to
implement and sustain.

In conclusion, complex conditions such as pneumonia may
be inaccurately diagnosed in many patients, which presents
significant difficulties for accurate data aggregation and qual-
ity measurement. The effect of such heterogeneity in clinical
classification has the potential to affect core hospital statis-
tics, such as readmission rates. Therefore, it is crucial for
hospitals and healthcare organizations to institute system-
atic processes to create and gather accurate data, and it is
essential for insurers and quality observers to continuously
validate data streams.
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