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International classification of diseases codes showed modest sensitivity
for detecting community-acquired pneumonia
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Abstract

Objective: To estimate the sensitivity of International Classification of Diseases (ICD-9-CM) coding for detecting hospitalized com-
munity-acquired pneumonia and to assess possible determinants for misclassification.

Study Design and Setting: Based on microbiological analysis data, 293 patients with a principal diagnosis of community-acquired
pneumonia at seven hospitals in the Netherlands were assigned to three categories (pneumococcal pneumonia, pneumonia with other or-
ganism, or pneumonia with no organism specified). For these patients, the assigned principal and secondary ICD-9-CM codes in the hospital
discharge record were retrieved and the corresponding sensitivity was calculated. Furthermore, pneumonia-related patient characteristics
were compared between correctly and incorrectly coded subjects.

Results: The overall sensitivity was 72.4% for the principal code and 79.5% for combined principal and secondary codes. For pneu-
mococcal pneumonia (ICD-9-CM code 481) and pneumonia with specified organism (ICD-9-CM code 482e483), the sensitivities were
35% and 18.3%, respectively. Patient characteristics were not significantly different between correctly and incorrectly coded subjects except
for duration of hospital stay, which correlated negatively with coding sensitivity (P 5 0.01).

Conclusion: ICD-9-CM codes showed modest sensitivity for detecting community-acquired pneumonia in hospital administrative da-
tabases, leaving at least one quarter of pneumonia cases undetected. Sensitivity decreased with longer duration of hospital stay. � 2007
Elsevier Inc. All rights reserved.
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1. Introduction

Community-acquired pneumonia (CAP) is a common
and potentially fatal infection of lung tissue and is associ-
ated with high health care costs. Therefore, CAP is subject
to many epidemiological and economical studies. In about
20% of all pneumonia cases, inpatient treatment is required
because the clinical situation does not allow outpatient ther-
apy [1,2]. Many of the studies on pneumonia, therefore,
identify cases of hospitalized CAP because these are most
likely to result in death and resource use. A common
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approach to identify cases of hospitalized CAP is using
hospital discharge records as coded according to the Inter-
national Classification of Diseases-9th revision-Clinical
Modification (ICD-9-CM). The common ICD-9-CM codes
used for this purpose are 481, 482.x, 483.x, 485, and 486
[3e8]. Information, however, on the validity of such data
is inconclusive or lacking in many cases. Several re-
searchers have assessed the validity of hospital discharge
records of various diseases, including pneumonia, by iden-
tifying cases through ICD-9-CM codes and subsequently
reviewing medical charts to confirm or reject the correct
diagnosis [9e12]. This approach, however, leaves cases
of CAP without an ICD-9-CM code for pneumonia unde-
tected and provides no information on the sensitivity of
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ICD-9-CM coding for detection of cases of CAP. The aim
of this study is to estimate the sensitivity of ICD-9-CM
code assignment in a population of patients admitted with
a principal diagnosis of CAP. Furthermore, we aim to
assess possible determinants for misclassification.

2. Patients and methods

This study used patient data from a randomized open la-
bel clinical trial (July 2000eMarch 2004) on efficacy of an
early switch of intravenous antibacterial treatment to oral
treatment of CAP [13]. All adult patients hospitalized for
CAP in seven hospitals (two university medical centers
and five teaching hospitals) in the Netherlands were eligible
for inclusion in that study. Pneumonia was defined as a new
or progressive infiltrate on a chest X-ray plus at least two of
the following criteria: cough, sputum production, rectal
temperature O38�C or !36�C, ausculatory finding con-
sistent with pneumonia, leucocytosis (O10.000/mm3 or
O15% bands), C-reactive protein O3 times the upper limit
of normal, positive blood culture, or positive culture of
pleural fluid. Patients with cystic fibrosis, a history of col-
onization with Gram negative bacteria because of structural
damage to the respiratory tract, malfunction of the digestive
tract, life expectancy of less than 1 month because of un-
derlying diseases, infections other than pneumonia needing
antibiotic treatment, severe immunosuppression (neutrope-
nia (!0.5� 109/L) or a CD4 count !200/mm3), and need-
ing mechanical ventilation in an intensive care unit were
excluded.

2.1. Identification of pathogen and patient
categorization

For each patient, sputum samples and blood samples
were collected, cultured, and evaluated following standard
procedures. In addition, Binax NOW-tests were used to de-
tect urinary antigen for Legionella pneumophila and Strep-
tococcus pneumoniae. Acute and convalescent serology
samples were collected and evaluated for Mycoplasma
pneumoniae, L. pneumophila, and Chlamydophila pneumo-
niae. Based on microbiological analyses performed, pa-
tients were categorized patients as having pneumococcal
pneumonia (defined as S. pneumoniae isolated from a blood
sample or adequate sputum sample containing O25 poly-
morphonuclear neutrofils and !10 epithelial cells per high
power field), pneumonia with other pathogen specified, or
pneumonia with no organism specified. When in a patient
more than one pathogen was specified, S. pneumoniae
was defined as the pathogenic organism.

2.2. Coding accuracy measurement

In the Netherlands, the principal diagnosis is defined as
the medical condition most responsible for admission to
a hospital. The principal diagnosis should be coded in the
primary position on the hospital discharge record. In addi-
tion, different secondary diagnoses and complications can
be coded in the secondary positions [14]. All records are
coded according to the ICD-9-CM.

For all patients, we retrieved the coded hospital dis-
charge record from the medical registration department of
the participating hospitals. This was done more than 2 years
after closure of the previously mentioned randomized clin-
ical trial (March 2006). The following ICD-9-CM codes
were considered to be correct for each different patient cat-
egory: 481 for pneumococcal pneumonia (the ICD-9-CM
specifically excludes coding pneumococcal pneumonia as
482.3); 482.x, and 483.x for pneumonia with other organ-
ism specified; and 485e486 for pneumonia with no organ-
ism specified. For each category of pneumonia, we
evaluated the proportion of patients for whom the correct
ICD-9-CM code was listed in the primary or secondary
positions on the hospital discharge record and calculated the
sensitivity. The sensitivity was defined as the number of
correctly coded patients divided by total number of patients
in that category. Analyses were conducted for all patients
together and for the seven hospitals separately. For subjects
without an ICD-9-CM code of 481e486, we identified the
other codes assigned in the primary position.

2.3. Determinants for misclassification

To assess possible determinants for misclassification, we
identified and analyzed the following characteristics be-
tween correctly and incorrectly coded subjects: age, gender,
comorbidities (heart failure, history of stroke, liver disease,
malignancy, renal disease), pneumonia severity index [15],
and whether the patient was a nursing home resident. The
reason we identified the previously mentioned characteris-
tics was because they have been linked to pneumonia out-
come in different prediction rule models [16e18] and that,
especially, differences in prevalence of these items are im-
portant to predict possible selection bias in etiological or
prognostic studies using cases of CAP identified through
ICD-9-CM codes. In addition, we evaluated the following
pneumonia outcome measures: duration of hospital stay
and in-hospital mortality.

To study determinants for misclassification, multiple
variable logistic regression analysis was conducted with
incorrect code assigned as dependent. All possible determi-
nants were included in the multivariate model when
they were retained after backward stepwise elimination
(P ! 0.10).

3. Results

Of the 293 patients hospitalized for CAP, 40 (14%) had
confirmed pneumococcal pneumonia, 82 (28%) had pneu-
monia with another organism specified, and 171 (58%)
had pneumonia with no organism specified (Table 1). In
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total, 212 patients had any pneumonia-related ICD-9-CM
code (481e486) as principal diagnosis, yielding an overall
sensitivity for any pneumonia-related ICD-9-CM code of
72.4%. The overall sensitivity for six of the seven partici-
pating hospitals separately ranged from 61.5 to 82.0%
(one hospital excluded for including only one patient). Ex-
panding the criteria to a correct ICD-9-CM code as princi-
pal diagnosis or as any secondary diagnosis increased the
overall sensitivity to 79.5%. The sensitivities for all three
categories individually are shown in Table 1. When both
ICD-9-CM codes 481 and 482.3 were considered valid
for pneumococcal pneumonia, the sensitivity for that cate-
gory increased from 35% to 47.5%. For cases without an
ICD-9-CM code 481e486 as principal or secondary diag-
nosis (n 5 60), the most frequently occurring other ICD-
9-CM codes were 496 (chronic airway obstruction, not
classified), 507.0 (pneumonitis due to inhalation of food
or vomitus), and 162.9 (malignant neoplasm of bronchus
or lung), respectively assigned to 11, 3, and 3 patients.
Other codes assigned as principal diagnosis were diverse
and occurred not more than once. None of the patients
had an ICD-9-CM code for viral pneumonia (480.x) or
influenza with pneumonia (487.x).

The characteristics of the correctly and incorrectly
coded patients were not significantly different except dura-
tion of hospital stay, which was significantly associated
with risk of misclassification in the multivariable regression
analysis (Table 2; P 5 0.01). Although not significant, ma-
lignancies were surprisingly more prevalent in incorrectly
coded subjects. Fig. 1 shows the relation between duration
of hospital stay and sensitivity of ICD-9-CM coding.

4. Discussion

Our study showed that in patients hospitalized with con-
firmed CAP, overall, only 72% was assigned any ICD-9-
CM code for pneumonia (481e486) as the principal

Table 1

(Overall) sensitivity for ICD-9-CM code assignment

for hospitalized CAP

CAP diagnosis

Principal diagnosis code assigned

n (%) 481

482e

483

485e

486 Other

Sensitivity

(%)

All diagnoses 293 (100) 32 30 150 81 72.4a

Pneumococcal

pneumonia

40 (14) 14 7 13 6 35.0b

Pneumonia with

other organism

specified

82 (28) 10 15 30 27 18.3b

Pneumonia, organism

unspecified

171 (58) 8 8 107 48 62.6b

a Overall sensitivity for any pneumonia-related ICD-9-CM code

(481e486).
b Sensitivity for individual diagnoses.
diagnosis on the hospital discharge record. For ‘‘pneumo-
coccal pneumonia’’ and ‘‘pneumonia with other organism
specified’’, sensitivity was as low as 35% and 18.3%,
respectively.

Ideally, the ICD-9-CM code in the primary position
(principal diagnosis) on the hospital discharge record
always represents the medical condition that is chiefly
responsible for the admission of the patient to a hospital.
In the present study, however, we observed that this was
the case in only 72%. Errors in classification can occur in
any stage of the long chain of events leading to assignment

Table 2

Characteristics of correctly and incorrectly coded patients

Incorrectly coded

(n 5 81)

Correctly coded

(n 5 212)

Mean age (SD) 70.0 (13.1) 69.5 (14.1)

Sex

Male 54 (66.7) 139 (65.6)

Female 27 (33.3) 73 (34.4)

Comorbidities

Heart failure (%) 9 (11.1) 27 (12.7)

History of stroke (%) 8 (9.9) 19 (9.0)

Liver disease (%) 1 (1.2) 2 (0.9)

Renal disease (%) 7 (8.6) 20 (9.4)

Malignancy (%) 24 (29.6) 41 (19.3)

Nursing home resident (%) 3 (3.7) 8 (3.8)

Mean length of hospital stay,

days (SD)*

15.2 (11.6) 11.7 (8.6)

In-hospital mortality (%) 4 (4.9) 16 (7.5)

Pneumonia severity index (%)

Risk class 1 0 0

Risk class 2 1 (1.2) 15 (7.1)

Risk class 3 6 (7.4) 18 (8.5)

Risk class 4 57 (70.4) 143 (67.5)

Risk class 5 17 (21.0) 36 (17.0)

* P 5 0.01.

Fig. 1. Duration of hospital stay and overall sensitivity.
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of an ICD-9-CM code to a hospital discharge record: hos-
pitalization, diagnosing, medical record keeping, filling
the discharge abstract form by the treating physician, and
interpretation by the coding clerk. In this study, all patients
were hospitalized with a principal diagnosis of CAP as con-
firmed according to a standardized exam. Therefore, lack of
information on hospitalization or diagnosing are probably
less plausible explanations for the errors in classification.
This makes medical record keeping, filling the discharge
abstract form by the treating physician, and interpretation
by the coding clerk more probable causes for the inaccurate
coding observed in this study. But also complications or
additional diagnoses could decrease the likelihood that
the diagnosis at admission remains the evident principal
diagnosis in the medical record. Our findings are supportive
to such an effect because the true principal diagnosis and
the assigned code were most likely to coincide in brief
(and probably uncomplicated) admissions and diverged
during prolonged admissions.

Concerning the pneumonia-related patient characteris-
tics evaluated in the present study, except for duration of
hospital stay, there were no significant differences between
correctly and incorrectly coded subjects. This important
finding implies that when cases of pneumonia are identified
through ICD-9-CM codes no specific patient categories
remain undetected except for an underestimation of patients
with prolonged and probably complicated hospital stay.
Especially when studying quality of care, outcomes, resource
use, or the development of predictive instruments, inclusion
of cases representing severe pneumonia is essential, as they
represent the pneumonia cases that are most likely to result
in death, intensive care admission, and prolonged hospital
length of stay. The latter appear less represented when
cases of hospitalized CAP are selected through ICD-9-
CM coded hospital discharge records.

Advantages of our study are the possibility to include
pneumonia cases from seven different sites decreasing the
chances of coding bias, the availability of microbiological
data, and the ability to study differences in sensitivity be-
tween primary and secondary discharge codes. Because
CAP occurs frequently in combination with other diseases,
such as congestive heart failure, chronic bronchitis, or exac-
erbation of asthma, the pneumonia code may appear in
a secondary position. In our study, extending the assess-
ment from the first to secondary positions resulted in only
21 (7.1%) additional patients with a pneumonia-related
code in a secondary position instead of the primary posi-
tion. This important finding indicates that case selection
based on principal diagnosis codes alone does not exclude
large numbers of patients with CAP. Principal diagnosis co-
des may also have greater positive predictive value (PPV)
for identifying pneumonia, although we were unable esti-
mate the PPV in the present study because the population
was limited to confirmed cases of pneumonia.

Our study also has some limitations, which need to be
discussed. First, we used patients from a prospective
clinical trial in which patients with pneumonia were in-
cluded using a strict protocol. However, because the data
collected in the CAP study were not available to medical
records staff, we do not believe that the study had any effect
on the coding practices. If the study had any effect on
accuracy of coding practices, this was likely to lead to an
underestimation of the real problem of inaccurate code
assignment. Secondly, this study was conducted in seven
hospitals in the Netherlands, which could prevent extrapo-
lation of the findings to other countries due to potential dif-
ferences in coding of hospital discharge records. In
addition, our study provides only information on the sensi-
tivity of ICD-9-CM code assignment for hospitalized CAP
and not on pneumonia treated in primary care.

The findings from this study could have an impact on the
validity of studies using coded hospital discharge records
for case selection. For example, when studying the effects
of pneumococcal vaccination on pneumococcal pneumonia
incidence, a considerable underestimated incidence has to
be faced. Or, in caseecontrol studies, as a result of disease
misclassification, selection bias could occur when not all
observed cases (or controls) are true cases (or controls).
Especially in hospital-based caseecontrol studies, this
can cause dilution of any association under study.

In conclusion, ICD-9-CM codes showed modest sensi-
tivity for detecting CAP in hospital administrative data-
bases, leaving at least one quarter of pneumonia cases
undetected. Sensitivity decreased with longer duration of
hospital stay.
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