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BACKGROUND: Administrative data algorithms (ADAs) to
identify pneumonia cases are commonly used in the anal-
ysis of pneumonia burden, trends, etiology, processes of
care, outcomes, health care utilization, cost, and re-
sponse to preventative and therapeutic interventions.
However, without a good understanding of the validity of
ADAs for pneumonia case identification, an adequate ap-
preciation of this literature is difficult. We systematically
reviewed the quality and accuracy of published ADAs to
identify adult hospitalized pneumonia cases.
METHODS: We reviewed the Medline, EMBase, and
Cochrane Central databases through May 2020. All stud-
ies describing ADAs for adult hospitalized pneumonia and
at least one accuracy statistic were included. Investiga-
tors independently extracted information about the sam-
pling frame, reference standard, ADA composition, and
ADA accuracy.

RESULTS: Thirteen studies involving 24 ADAs were ana-
lyzed. Compliance with a 38-item study-quality assess-
ment tool ranged from 17 to 29 (median, 23; interquartile
range [IQR], 20 to 25). Study setting, design, and ADA
composition varied extensively. Inclusion criteria of most
studies selected for high-risk populations and/or in-
creased pneumonia likelihood. Reference standards with
explicit criteria (clinical, laboratorial, and/or radiograph-
ic) were used in only 4 ADAs. Only 2 ADAs were validated
(one internally and one externally). ADA positive predic-
tive values ranged from 35.0 to 96.5% (median, 84.8%;
IQR, 65.3 to 89.1%). However, these values are exagger-
ated for an unselected patient population because pneu-
monia prevalences in the study cohorts were very high
(median, 66%; IQR, 46 to 86%). ADA sensitivities ranged
from 31.3 to 97.8% (median, 65.1%; IQR 52.5-72.4).
DISCUSSION: ADAs for identification of adult pneumonia
hospitalizations are highly heterogeneous, poorly validat-
ed, and at risk for misclassification bias. Greater stan-
dardization in reporting ADA accuracy is required in stud-
ies using pneumonia ADA for case identification so that
results can be properly interpreted.
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INTRODUCTION

Pneumonia is a leading cause of morbidity and mortality
worldwide. In Canada and the USA, pneumonia is the 6th
and 8th most commonly cited cause of death,'* respectively,
and the most common infection requiring hospitalization.*
In 2013, the annual cost of hospital treatment of pneumonia in
the USA approached $9.5 billion.”

Given the public health importance of pneumonia,
research is required regarding its burden, trends, etiolo-
gy, processes of care, outcomes, health care utilization,
and cost along with the effect of preventative or thera-
peutic interventions on these parameters. To accomplish
such wide-ranging analyses, researchers and policy-
makers often rely on health administrative database al-
gorithms (ADAs) to identify pneumonia cases for their
studies.®* ' ADAs are combinations of diagnostic/
procedural codes along with patient/hospital demograph-
ic information that are used to identify cases of specific
diseases using health administrative data. The use of
ADAs is common in medical research in general, and
in particular in pneumonia research.'' However, most
pneumonia analyses using ADAs, even when published
in the most influential medical literature and aimed at
guiding policy-making and clinical practice, do not ad-
dress the accuracy ADAs for pneumonia case identifica-
tion."* !> This is important because it is only with a
good understanding of the validity of ADAs for pneu-
monia case identification that the end-users of this liter-
ature (i.e., physicians, policy-makers, researches) can
fully appreciate the relevance of these analyses for their
practice, policy-making, or research-planning. To our
knowledge, no systematic review of the literature has
been done regarding the accuracy of ADAs for pneu-
monia. Thus, the objective of this study was to system-
atically identify and evaluate the quality of all published
ADAs for adult hospitalized pneumonia and assess the
overall performance of ADAs for identification of cases
with this condition.
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METHODS
Data Sources and Search Strategy

With the assistance of a health information specialist, we
developed search strategies (Appendix 1) to interrogate three
literature databases (Medline, 1946 to June 09, 2020;
EMBase, 1947 to June 09, 2020; Cochrane Central, May,
2020) for studies that measured the accuracy of ADAs for
the identification of adults assessed in the emergency room or
admitted to hospital with pneumonia. Key search terms in-
cluded “administrative data”, “claims data”, “coding”, “billing
data”, “international classification of diseases”, “ICD”, “reg-
istry”, and “medical records,” among others. We did not set
search restrictions on publication date, language, or comple-
tion status. The references of all selected studies were
reviewed to identify additional relevant literature that might
have been initially missed.

Study Selection and Data Abstraction

To be included in our review, studies had to be published in
peer-reviewed journals and convey in their title or abstract that
the accuracy of a pneumonia ADA (or a broader infectious
diagnosis that could include pneumonia [e.g., “sepsis”]) was
measured. The authors reviewed the relevance of all citations
returned by our search strategy in duplicate by independently
reviewing their titles and abstracts. Discrepancies were re-
solved by consensus.

Relevant articles were retrieved and reviewed in full-text
also in duplicate and independently by the authors to deter-
mine final inclusion. To be included, studies had to describe at
least one ADA for adult pneumonia requiring hospitalization
and its accuracy. The description of the pneumonia ADA had
to be detailed enough that it could be replicated by other
researchers. We limited our analysis to adults because this is
the most commonly studied demographic and because pediat-
ric pneumonias can be very distinct clinically. We focused on
cases requiring hospitalization because such cases are the most
common pneumonia type studied with ADAs and their sever-
ity, presentation, and outcomes are generally distinct from
cases assessed and treated in the community. We excluded
ADAs that focused on etiology-typified pneumonias (i.e.,
pneumococcal pneumonia, atypical pneumonia, etc.) because
the microbiological cause of most pneumonias is not usually
determined with ADAs. We also excluded studies that focused
upon hospital-acquired pneumonia because this disease is
distinct from pneumonias acquired in the community by virtue
of well-defined risk factors, etiologies, management, and out-
comes.'® Finally, studies had to report at least one of the
following accuracy statistics: positive predictive value
(PPV), negative predictive value (NPV), sensitivity, specific-
ity, or positive/negative likelihood ratio.

We used a structured abstraction form (available from re-
searchers upon request) to independently abstract relevant data
from the included studies. When more than one eligible

pneumonia ADA was presented in a study, all were included
in our assessment. Discrepancies were solved by consensus.

Analysis

The methodological and reporting quality of the studies was
assessed using criteria from Benchimol et al.'” To simplify
reporting, we summed for each study the number of criteria
that were met (out of a maximum of 38). For each study, we
extracted the total sample size (defined as the number of
people to which the reference standard was applied) and the
number of patients classified as having true pneumonia using
the study’s reference standard to estimate the study pneumonia
prevalence. For each ADA, we abstracted the number of
patients to which the ADA was applied, the number of these
patients meeting criteria for the ADA, and the number of
patients categorized as true pneumonia cases as per the study
reference standard. With this information, we constructed 2 x

2 contingency tables to calculate (when possible) the ADA’s
sensitivity, specificity, PPV, NPV, positive likelihood ratio
(LR+), and negative likelihood ratio (LR—). Prevalence mea-
surements were rounded to the unit whereas accuracy mea-
surements were rounded to one decimal point.

RESULTS

After removal of duplicates, 896 citations were screened for
study relevance (Fig. 1). Of these, 64 were selected for full-
text review. Cross-referencing identified 4 additional articles
of interest. In total, 13 studies were included in our final
review and analysis.®'%1828

Study Description

Studies varied extensively in their design and characteristics
(Table 1). Seven studies (54%) were completed in the
USA 3 18:19.22.23.26.27 4 (31%) in Europe,lo’zo’m’25 and 1 each
in Australia** and Canada.”®

Five studies'®?'2*2¢ involved state- or nation-wide hospi-
tal systems whereas the rest involved oligo- or mono-
institutional systems. Six studies'®'®2%2*2¢ included cases
that were solely from 2000 onwards whereas the rest included
cases that partially®*' > or fully*>*”?* pre-dated that time.
The inclusion criteria of 9 studies'*'®** %% (70%) result-
ed in populations with a higher risk of pneumonia by virtue of
increased age,18’24 admission to the intensive care units, >
high-risk of acute respiratory distress syndrome,'® being cod-
ed with cancer’® or rheumatoid arthritis,23 being coded with
pneumonia in the hospitalization of interest** or in a pre-dated
outpatient visit,”' or having hospitalizations of > 3-day dura-
tion.?° In 5 of these studies,'®2%?!"?3-2¢ the inclusion criteria
included the actual ADA whose accuracy was to be measured.
Overall, only 1 study included a population that was not
limited to patients with a pneumonia ADA or with higher risk
for pneumonia.®
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Primary search of Medline,
EMBase and Cochrane Central
n=896

832 documents excluded based
on review of title and abstract

64 documents selected for full-
text review

4 additional papers of interest
identified after cross-referencing

55 documents excluded:

Conference report only (i.e. not peer-reviewed manuscript),

28

- Specific data on adult hospitalized pneumonia cases not
available, 3

- Administrative coding NOT a principal component of the
tested algorithm, 11

- No accuracy analyses reported, 5

- No data specific to pneumonia hospitalizations, 6

- Administrative coding did not refer to the hospitalization of
interest, 1

- Deals only with pathogen-specific pneumonia, 1

13 papers included in data
synthesis and analysis

Figure 1 Flow chart of literature search and study selection.

Study samples were either all-inclusive or randomly gener-
ated and ranged in size from 23 to 10,748 (mean 2186, SD
950; median, 293). In the study having the most generalizable
inclusion criteria (Aronsky et al.®), pneumonia prevalence was
2%. Otherwise, pneumonia prevalence in the other studies
ranged from 5 to 100%. Overall, pneumonia prevalence in
the 13 studies analyzed ranged from 2 to 100% (median, 66%;
IQR, 46 to 86%).

Most of the reference standards used to define pneumonia
cases relied upon physician notation of a clinical diagnosis or
suspicion of pneumonia in the medical records. Only 4 studies
(31%) used reference standards with explicit objective criteria
(clinical, laboratory, and/or radiographic).10’18’20’26 Nine stud-
ies (69%) stated that the application of their reference stan-
dards was blinded®!%19-20:23-2527.28. 1 swever, the inclusion
criteria in 4 of these studies®***"*® required that patients be
coded for pneumonia or have a recorded clinical diagnosis of
this condition, making effective blinding difficult.

Compliance with the 38 quality items proposed by
Benchimol et al.'” varied from 17 to 29 (mean, 23; SD 9;
median, 23) (Appendix 2).

Characteristics and Accuracy of Pneumonia
ADAs

The 13 studies included in the review measured the accuracy
of 24 pneumonia ADAs (Appendix 3). Sixteen ADAs (67%)
used the International Classification of Disease (ICD)-9 cod-
ing system,51018:192223.25-28 4 (1700 ysed ICD-10,202425 3
(13%) used the Diagnosis-Related Group (DRG) system,&27

and 1 (4%) used the Read coding system (Table 2).>! Twenty-
three ADAs™! 18202228 (969,) used codes assigned at the
hospitalization of interest whereas the remaining ADA*' used
codes from a community information system. ADA construc-
tion varied extensively, even if they used the same coding
system (Appendix 3). For example, while most ICD-9-based
ADAs used the codes 480.x-486.x for pneumonia identifica-
tion, there was large variation among them with regard to
criteria for the positioning of these codes in discharge diagno-
ses lists (e.g., any position vs. primary position only), the
inclusion of or combination with other codes that could
also represent pneumonia, and the addition of other
criteria beyond the coding system of interest (e.g., radio-
graphic criteria, minimum hospitalization length). Only 1
ADA (based on ICD-9 coding) was validated internally."®
Only 1 ADA (based on DRG coding) was validated ex-
ternally (although the studies used distinct sampling
frameworks and reference standards).®?’

Pneumonia ADA accuracy varied extensively (Table 2).
PPV was the most common accuracy statistic, being measured
in 23 (96%) of the 24 ADAs. Values ranged from 35.0 to
96.5% (median 84.8%, IQR 65.3—89.1%). NPV was measured
in 15 (63%) of the ADAs, with values ranging from 65.2 to
99.4% (median 98.0%, IQR 90.0-99.8%). Sensitivity was
measured in 17 (71%) ADAs with values ranging from 31.3
to 97.8% (median 65.1%, IQR 52.5-72.4). Specificity was
measured in 15 ADAs with values ranging from 64.5 to 99.8%
(median 98.0%, IQR 91.2-99.8). The LR+ and LR— of the
ADAs could be calculated in these latter studies and we used
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them to estimate the pneumonia probability in patients of a
hypothetical population with a true prevalence of pneumonia
of 2% (the prevalence measured in the study by Aronsky
et al.,® the most generalizable sampling frame of the
included studies). In patients who were ADA positive, pneu-
monia probabilities ranged from 4.3 to 90.1% (median 19.3%;
IQR 8.2-64.4%). In contrast, in patients who were pneumonia
ADA negative, pneumonia was essentially excluded with
disease probabilities ranging from 0 to 1.4% (median 0.8%;
IQR 0.4-1.0%).

DISCUSSION

Our systematic review identified 24 published pneumonia
ADAs. Despite having the same goal (i.e., to identify adults
admitted to hospital with pneumonia), these ADAs varied
extensively in their construction, the patient population to
which they were applied, the prevalence of pneumonia in these
populations, the rigor of the reference standards used to define
pneumonia cases, their overall methodological quality,
and their accuracy measurements. Of the 24 ADAs
identified, only 1 was internally validated'® and only 1
was externally validated.®?’

Our systematic review highlights important points that re-
searchers, health professionals, and policy-makers should con-
sider when studying pneumonia using ADAs and/or assessing
literature that uses such strategy. First, the PPV and NPV
should be used cautiously to assess the performance of these
ADAs for the identification of pneumonia cases. PPV and
NPV values are highly dependent on disease prevalence;
therefore, the reported values are only generalizable to popu-
lations having similar disease prevalence.”’~° Many of the
studies in our review included populations with clinical char-
acteristics and/or sampling frames that notably increased
pneumonia prevalence (Table 1). Thus, the PPVs and/or NPVs
for the ADAS reported in these studies are not generalizable to
less selected populations having a lower prevalence of pneu-
monia. In fact, only one study (Aronsky et al.)® in our review
involved a population that could be considered representative
of unselected adults seeking acute medical care in the emer-
gency department. To avoid biased statistics from varying
disease prevalence, one should use sensitivity, specificity,
and their corresponding LRs to evaluate ADA perfor-
mance.>>3° Unfortunately, these statistics are much less com-
monly reported (Table 2). Second, the median sensitivity from
the 17 ADAs in which it was measured was 65.1%, suggesting
that analyses using ADAs likely miss a significant proportion
of pneumonias cases. Third, in the absence of prospectively
applied explicit to determine pneumonia status (used in only 4
of the studies included in this review),lo‘w’zs’28 studies com-
monly used manual chart review to determine whether or not
physicians noted a clinical impression of pneumonia as the
reference standard. This strategy makes the reliability and
reproducibility of these studies difficult because the suspicion

and diagnosis of pneumonia in clinical settings frequently
relies on the subjective interpretation of the probability that
unspecific symptomatology and/or clinical, laboratorial, and/
or imaging findings, together or in isolation, are explained by a
pneumonic process. Moreover, clinicians may be under ad-
ministrative pressure to document a diagnosis even when the
degree of certainty for such diagnosis is suboptimal. Fourth,
ADAs frequently involved criteria that were extraneous to the
diagnostic codes of interest (Table 1), mostly to increase the
probability of pneumonia. If other researchers use the cited
diagnostic codes (Appendix 3) in isolation (i.e., without the
other additional criteria), the originally reported accuracy sta-
tistics will not apply. Finally, only 1 pneumonia ADA® was an
external validation of a previously published pneumonia
ADA.?’ Therefore, the generalizability of the other 23 ADAs
is uncertain. The performance of most predictive models
(which ADAs essentially are) deteriorates when they are ap-
plied to an external population. Such performance deteriora-
tion usually occurs when ADA developers overfit their origi-
nal model to maximize its accuracy. Hence, external validation
of ADAs is key to truly understand their accuracies and
validity for external use.

Despite the above limitations of ADAs for pneumonia,
administrative data remain a valuable resource for timely and
practical analyses of this condition at large scale. However, to
improve the interpretation of the validity and applicability of
these analyses, several strategies should be applied. The most
robust but also complex strategy would be the development of
a contemporary, accurate, and reproducible pneumonia ADA
that allows for the calculation of precise ADA likelihood ratios
and that can then be used for the estimation of pneumonia
probability in any other population in which pneumonia prev-
alence can be measured. Developing such an ADA should
include unselected populations of hospitalized patients, in-
volve multiple centers in broad jurisdictions, use explicit
reference standard criteria to determine pneumonia status,
and should be designed to accurately measure pneumonia
prevalence in the study sampling frame. The resulting pneu-
monia ADA and its accuracy must then be validated in exter-
nal populations. Ideally, this “reference” ADA should return a
probability of pneumonia instead of the dichotomous outcome
(pneumonia present/not present) as this would also allow for
the use of statistical methods like bootstrap imputation to
accommodate for misclassification bias in future studies using
such ADA.*'"33 Clearly, the development of such ADA would
be logistically challenging and consume large amounts of time
and resources. An alternative and more practical approach is
that all pneumonia ADA studies report, at a minimum, the
details of its ADA in enough detail that it can be replicated,
disclose whether a reference standard was used, describe the
details of the said reference standard, and report the pneumo-
nia prevalence and ADA accuracy measured in a representa-
tive sample of their study population. Preferably, reference
standards in such investigations should be based in objective
clinical, radiographic, and/or laboratorial criteria. End-users of
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these reports can then use this information to more appropri-
ately interpret the results of these analyses.

Limitations of our review include its restriction to
articles published in peer-reviewed journals, articles
whose objectives (as stated in their title or abstract)
included the assessment of ADAs’ accuracy, and articles
that explicitly reported at least one accuracy metric of
interest. These restrictions may have resulted in missed
relevant information outside the peer-reviewed literature
or articles that focused on accuracy of ADAs only
tangentially. Also, as administrative database studies
are not always accurately indexed in literature, relevant
articles may not have been captured by our literature
search. Information about the mode of data extraction
(manual vs. automated) for each ADA was not consis-
tently reported in the reviewed papers and we could not
assess the potential impact of this variable on ADA
accuracy (for example, manual extraction could have
introduced further bias or error from the person or
people carrying the data extraction). Most of the ADAs
in our review were based on the ICD (9th and 10th
versions) diagnosis coding system. Therefore, whether
ADAs based on other coding systems show similar
accuracy performance as ICD-based ADAs remains un-
clear. Also, our review did not account for differences
in the source of administrative data (local hospital ad-
ministration, governmental offices, insurance claims,
etc.) which could also affect individual performances
of ADAs. Given the remarkable heterogeneity in the
reviewed literature (in ADA design, the coding systems
used, the use and design of gold standards, and the
accuracy metrics reported, among others), we could not
perform any meaningful meta-analysis of the data.
Nonetheless, such heterogeneity is a principal finding
of our review and it stresses the need for more stan-
dardized reporting of the accuracy of ADAs in all anal-
yses that use such strategy for pneumonia case
identification.

CONCLUSION

Published studies of ADAs for identification of hospi-
talized pneumonia cases vary widely in their study set-
ting, study design, ADA composition, use and nature of
reference standards, and overall methodological quality.
Most of the ADA accuracy statistics derived from these
studies were obtained from analyses of populations se-
lected for their high likelihood of pneumonia, and there-
fore their applicability to less selected populations is
questionable. Moving forward, greater standardization
in the reporting of ADA accuracy is required in studies
that use pneumonia ADAs for case identification so that
the end-users of this literature can properly interpret the
results of these analyses.
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