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Pleural Effusions at First ED Encounter
Predict Worse Clinical Outcomes in
Patients With Pneumonia

@ CrossMark
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BACKGROUND: Pleural effusions are present in 15% to 44% of hospitalized patients with
pneumonia. It is unknown whether effusions at first presentation to the ED influence
outcomes or should be managed differently.

METHODS: We studied patients in seven hospital EDs with International Statistical Classifi-
cation of Disease and Health Related Problems-Version 9 codes for pneumonia, or empyema,
sepsis, or respiratory failure with secondary pneumonia. Patients with no confirmatory
findings on chest imaging were excluded. Pleural effusions were identified with the use of
radiographic imaging.

RESULTS: Over 24 months, 4,771 of 458,837 adult ED patients fulfilled entry criteria. Among
the 690 (14.5%) patients with pleural effusions, their median age was 68 years, and 46% were
male. Patients with higher Elixhauser comorbidity scores (OR, 1.13 [95% CI, 1.09-1.18];
P < .001), brain natriuretic peptide levels (OR, 1.20 [95% CI, 1.12-1.28]; P < .001), bilirubin
levels (OR, 1.07 [95% CI, 1.00-1.15]; P = .04), and age (OR, 1.15 [95% CI, 1.09-1.21];
P < .001) were more likely to have parapneumonic effusions. In patients without effusion,
electronic version of CURB-65 (confusion, uremia, respiratory rate, BP, age = 65 years
accurately predicted mortality (4.7% predicted vs 5.0% actual). However, eCURB under-
estimated mortality in those with effusions (predicted 7.0% vs actual 14.0%; P < .001). Pa-
tients with effusions were more likely to be admitted (77% vs 57%; P < .001) and had a longer
hospital stay (median, 2.8 vs 1.3 days; P < .001). After severity adjustment, the likelihood of
30-day mortality was greater among patients with effusions (OR, 2.6 [CI, 2.0-3.5]; P < .001),
and hospital stay was disproportionately longer (coefficient, 0.22 [CI, 0.14-0.29]; P < .001).

CONCLUSIONS: Patients with pneumonia and pleural effusions at ED presentation in
this study were more likely to die, be admitted, and had longer hospital stays. Why
parapneumonic effusions are associated with adverse outcomes, and whether different
management of these patients might improve outcome, needs urgent investigation.
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Community-acquired pneumonia is the eighth leading
cause of death in the United States.' It accounts for
> 6 million reported cases and up to 1.1 million
hospitalizations per year.”” Depending on the
modality used, between 15% (with chest radiography)
and 44% (with ultrasonography) of patients with
pneumonia have a pleural effusion.* Complicated
parapneumonic effusion and empyema occur in
approximately 5% of patients with pneumonia, with
significant morbidity, prolonged hospital stays, and
increased health service consumption, including

surgery.’

Accurate severity assessment in patients with
pneumonia is crucial to initial management. Numerous
studies have found similar predictive utility of the
CURB-65 (confusion, uremia, respiratory rate, BP,

and age = 65 years) score and the Pneumonia Severity
Index.” eCURB is an electronic version of CURB-65
using the same elements as continuous and weighted
data to improve prediction of 30-day mortality and is
a valuable real-time, electronic decision support tool.”*

Neither CURB-65 nor eCURB considers the impact of
pleural effusion on mortality.

Pneumonia treatment guidelines do not address how
parapneumonic effusions should influence the decision
for hospital admission.” The ED has become an
increasingly common site for the initial diagnosis

of pneumonia. All but one study on parapneumonic
effusions investigated hospitalized patients, many

of whom developed the effusions following hospital
admission.””'” The Pneumonia Patient Outcomes
Research Team (PORT) study cohort enrolled
outpatients but did not focus on ED patients.'" The
impact of pleural effusion on clinical outcomes
among patients with pneumonia at first presentation
to the ED is unknown.

The present study, which included a large ED database
of patients with pneumonia, investigated pleural effusions
at first encounter and subsequent clinical outcomes.

We report the severity-adjusted association of both
unilateral and bilateral effusions with comorbid illnesses,
hospital admission, length of stay, and mortality.

Patients and Methods
Study Population

ED patients with pneumonia seen in seven Intermountain Healthcare
Hospitals in the urban corridor of Utah were studied. Patient
enrollment occurred during two 12-month periods: December 2009
through November 2010, and December 2011 through November
2012. Most patients in the present study were originally enrolled in a
study of the implementation of a pneumonia electronic clinical
decision support tool; the gap year between December 2010 and
November 2011 was the period of tool deployment.'?

All patients = 18 years old evaluated in the EDs were identified with
International Statistical Classification of Disease and Health Related
Problems-Version 9 (ICD-9) codes specific for a primary diagnosis of
pneumonia (480-487.0) or respiratory failure or sepsis (518.x and
038.x) as the primary diagnosis, with pneumonia secondary. Patients
lacking radiographic evidence for pneumonia on ED chest imaging
were excluded. Also excluded were patients who received a diagnosis
of aspiration (507.0) and immunocompromised conditions, including
receipt of antiretroviral therapy (042), solid organ transplants
(v420-7), and hematologic malignancies (v106x, 200.x, and 208.x).
Patients with health-care-associated pneumonia (HCAP) were
identified electronically and were included in the study.'' To exclude
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patients with recurrent pneumonia often caused by chronic
aspiration or structural lung disease, only the first episode in each
12-month period was included. Thirteen ED patients with a primary
ICD-9 code for empyema (510.x) and secondary pneumonia codes
during the same two periods were added to the original database for
this study.

The initial ED chest radiograph (CXR) and CT scans were reviewed
for radiographic evidence of pleural effusion by two physician
authors (N. D. and P. P. G.), with a weighted K agreement of
0.91 (P < .001) for a random sample of 50 reports. Patients with
effusions were further characterized according to size of effusion
(questionable/equivocal/tiny, small, moderate, and large), simple
vs loculated effusion, unilateral vs bilateral lung opacities, and
unilateral vs bilateral effusion. Effusion size was determined by the
radiologist’s report as part of routine practice; physician reviewers
translated the report description into small/moderate/large in the few
dictations in which these terms were not specifically present. Patients
with the presence of pleural effusion for this study were defined as
those with small, moderate, or large effusions, excluding patients
with tiny or questionable effusions. CT chest imaging was performed
within 8 h of ED arrival in 20% of patients. If available, a CT chest
scan followed by posterior-anterior upright CXR defined the
presence and characteristics of pleural effusion instead of using a
portable CXR.

Data Collection

Data elements were extracted from the electronic medical record
necessary for measuring severity of illness according to eCURB.
Demographic characteristics and laboratory test results were
obtained from the electronic medical record. Few (< 5%) patients
had arterial blood gases measured; Pao,/Fio, in the remainder was
calculated from the percutaneous arterial oxygen saturation and
delivered oxygen."” Six patients missing simultaneous percutaneous
arterial oxygen saturation and Fio, were excluded from analyses that
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required Pao,/Fi0,. We assumed absence of confusion where not
documented; manual review of sample patients revealed other
missing data to be < 0.1%. Data on brain natriuretic peptide (BNP)
levels were more often missing and were recognized to be missing
not at random. Expected normal values for bilirubin, creatinine, and
BNP levels were imputed according to age and sex where missing,
using multiple imputation by chained equations with a pattern
mixture model.

Current Procedural Terminology codes were used to identify patients
who underwent thoracentesis, chest tube insertion, and thoracotomy.
The accuracy of the coded procedure data was confirmed by review
of 50 random patient records. We also computed each patient’s
Elixhauser comorbidity score, a validated index of 29 comorbidities
based on previous ICD-9 coding from inpatient and outpatient
encounters.'* The Elixhauser score was used rather than the older
Charlson comorbidity index because of better performance in several
studies.”””

Outcome Measures

Length of stay for hospitalized patients was obtained from the
electronic medical record. Thirty-day all-cause mortality was
determined by merging electronic medical record data with vital
status information from the Utah Population Database.'® We
identified secondary admission to any Intermountain Healthcare
Hospital within 7 days of the initial ED evaluation through the
electronic medical record. This time frame was chosen because most
secondary admissions occurred within that period, and later
admissions were mostly attributable to diagnoses other than
pneumonia. The study was approved by the Intermountain
Healthcare Institutional Review Board (1024050) and the
Intermountain Privacy Board and was authorized by the Utah
Population Database. Individual patient consent was not required.

Statistical Analysis

Concordance between authors in assessing radiographic reports for the
presence and characteristics of pleural effusions was measured by using
K statistics. The agreement scale developed by Landis and Koch was
used to characterize level of agreement.'

Descriptive analyses were conducted by using > and Fisher exact tests
for comparison of crude proportions, Mann-Whitney U tests for
comparison of continuous distributions, and bootstrapped
Kolmogorov-Smirnov tests for discrete, ordinal distributions.
Differences were significant based on an o level of 0.05. Inferential
analyses for dichotomous outcomes were conducted by using
multiple logistic regression analysis and were evaluated by using the
Hosmer-Lemeshow goodness-of-fit test and area under the curve of
the receiver-operating characteristics. Linear regression was used for
continuous outcomes.

To account for interhospital variability between hospital EDs,” we

initially examined the relationship between pleural effusion features
and outcomes (30-day mortality, secondary readmissions, and
hospital length of stay) with the use of multilevel hierarchical models
and Markov chain Monte Carlo techniques, with hospital site
treated as the random effect.’?! However, after three chains of
150,000 iterative simulations drawing every third observation, each
variable’s potential scale reduction factor was > 1.5 (at a convergence
of 1.0). Therefore, sensitivity analyses were performed in which the
classical models with complete pooling, no pooling, and partial
pooling were compared. The estimates and SEs were comparable
across pooling strategies; the same conclusions were reached
regardless of pooling strategy given a 95% level of confidence
computed by classical methods. The simplest model of complete-
pooling sufficiently estimated the effects on outcomes of interest and
was therefore implemented for all regression analyses in this study.

Results

Of the 458,837 adult patients who were admitted to
the study EDs, 4,771 had pneumonia and fulfilled the
entry criteria. Among these subjects, 690 (14.5%) had
a pleural effusion (Fig 1). The effusions were small

in 563 (81.6% of all the patients with effusions),
moderate in 101 (14.6%), and large in 26 (3.8%) patients.
Pleural effusions were defined by using chest CT scans
in 263 (38.1%), 280 (40.6%) by upright CXR imaging,
and 147 (21.3%) by supine portable CXR imaging in
the EDs. Pleural effusions were significantly more
common (2.4-fold, 26% vs 11%) in patients with HCAP
(n = 673) than in those with community-acquired
pneumonia. Thirty-two of the 690 (4.6%) effusions
were loculated. Studies other than portable supine
imaging had a greater likelihood of diagnosing loculated
effusion (two-sided Cochran-Armitage test of trend,

P = .001).

Presence of a pleural effusion was associated with
more severe pneumonia as reflected by higher eCURB
scores (7% vs 4.7% predicted mortality for patients
without effusion) and significantly worse clinical
outcomes (Table 1). In patients without effusion,

journal.publications.chestnet.org

ED visit during the study periods > 18 years old
(N = 458,837)

!

ICD-9 codes for pneumonia and empyema (see
Material and Methods, n = 7,758)

Excluded (n = 2,987)

e Immunosuppressed

e Died in ED

_| ® Diagnosis of
pneumonia in previous
year

¢ No radiographic
evidence of pneumonia

Study population

(n=4,771)

v v

No pleural effusion in Pleural effusion

ED chest imaging in ED chest
report imaging report
(n = 4,081) (n = 690)

Figure 1 - Patient flowchart. ICD-9 = International Statistical Classi-
fication of Disease and Health Related Problems-Version 9.
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TABLE 1] Unadjusted Comparisons Between Patients With Any Effusion Vs No Effusion at First Presentation to the

ED and Bilateral Effusion Vs Unilateral Effusion

Bilateral Unilateral
Variable Any Effusion No Effusion P Value Effusion Effusion P Value
Elixhauser comorbidity score 3.49 2.40 < .001 3.79 3.32 .020
Multilobar 57.8% 42.9% < .001 76.5% 47.4% < .001
Bilirubin, mg/dL 0.8 0.7 .003 0.8 0.9 .76
Creatinine, mg/dL 1.3 1.2 < .001 1.4 1.3 .28
BNP, pg/mL 407 214 < .001 511 350 < .001
Median age, y 68 57 < .001 71 66 .035
Median hospital stay, h 89.5 70 < .001 88 91 .86
Male sex 46.1% 47.5% .530 46.2% 46.0% 1.00
Mean eCURB 7.0% 4.7% < .001 8% 6.4% .011
Pao,/Fio, < 300 mm Hg 58.4% 44.1% < .001 61.8% 56.6% .21
Primary admission 76.8% 56.5% < .001 79.8% 75.2% .20
Secondary admission 3.9% 2.0% .003 5.7% 2.9% .12
30-Day mortality 14.1% 5.0% < .001 17% 12.2% .12
Thoracentesis 11.3% 0.9%° .012 8.9% 12.6% .17
Thoracostomy 8.0% 0.64%* < .001 5.3% 9.5% .07
Thoracotomy 2.0% 0.15%* < .001 0% 3.2% .003

BNP = brain natriuretic peptide; eCURB = electronic version of confusion, uremia, respiratory rate, BP, age = 65 years.
“Patients without effusions present on initial ED chest imaging subsequently underwent thoracentesis, tube thoracostomy, and/or thoracotomy for pleural

effusions that developed later on.

eCURB accurately predicted mortality (4.7% predicted
vs 5.0% actual). However, eCURB underestimated
mortality in those with effusions (7.0% predicted

vs 14.0% actual; P < .001). Patients with pleural effusion
at presentation were more likely to be admitted to

the hospital (77% vs 57%; P < .001) and stayed longer
in the hospital (median, 2.8 vs 1.3 days; P < .001). If
initially not admitted to the hospital from the ED,
patients were more likely to be secondarily admitted
within 7 days (17% vs 5%; P < .001).

A bacterial culture of blood, sputum, tracheal aspirate,
pleural fluid, and/or urine antigen specimens was
performed in 3,172 patients (66.5%), of whom 428
(13.5%) had confirmed or probable bacterial pneumonia.
The incidences of unilateral (9.6% vs 11.2%; P = .36)
and bilateral (6.8% vs 6.3%; P = .77) effusions were
not significantly different between culture-confirmed
bacterial pneumonia and culture-negative cases,
respectively.

Severity-Adjusted Outcomes

Patients with pleural effusion had a greater likelihood of
mortality (OR, 2.6 [CI, 2.0-3.5]; P < .001), controlling
for eCURB and the Pao,/Fi0, ratio. Additionally
controlling for the Elixhauser score lowered the OR to
2.4. Length of stay was longer among those with pleural
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effusions (coefficient, 0.22 [CI, 0.14-0.29]; P < .001).
Presence of an effusion was also associated with
increased initial hospital admission (OR, 1.9

[CI, 1.5-2.4]; P < .001). Patients with large effusions
(OR, 2.06 [CI, 1.1-3.8]; P = .02) were more likely to
be admitted. Those with loculated effusions had ORs
for admission similar to those with large effusions
(OR, 2.8 [CI, 0.96-8.2]; P = .06), although not
statistically significant. Among ED patients managed
as outpatients, those with pleural effusions at initial
presentation were more likely to be secondarily admitted
to the hospital within 7 days (OR, 3.2 [CI, 1.9-5.5];
P < .001).

Unilateral Vs Bilateral Pleural Effusions

Bilateral effusions were identified in 247 (36%) patients
with pleural effusions. Compared with patients with
unilateral effusions (Table 1), those with bilateral
effusions were older and had more bilateral lung
opacities (68% vs 3%). They had more severe illness,
as well as higher BNP levels and Elixhauser comorbid
illness scores. Based on the multiple logistic regression
analysis, patients with a higher Elixhauser score

(OR, 1.13 [95% CI, 1.09-1.18]; P < .001), higher

BNP (OR, 1.20 [95% CI, 1.12-1.28]; P < .001), higher
bilirubin level (OR, 1.07 [95% CI, 1.00-1.15]; P = .04),

[ 149#6 CHEST JUNE 2016 |



and increased age (OR, 1.15 [95% CI, 1.09-1.21];
P < .001) were associated with an increased likelihood
of having a pleural effusion (Table 2).

Crude mortality was higher among patients with
bilateral vs unilateral effusions. After adjustment of
illness severity, mortality in patients with bilateral
effusions was not significantly different from those
with unilateral effusions (OR, 1.2 [95% CI, 0.74-1.94];
P = 46).

Pleural Fluid Drainage Procedures

Thoracentesis was performed in 78 patients (11.3%)
with pleural effusions present at first ED encounter.
The proportion of patients undergoing thoracentesis
did not significantly change between the two study
periods. Thoracentesis was correlated with effusion
size (OR, 3.96; P < .001) but not with the presence of
loculation. Thoracotomy was performed on 0.4% of
all patients, and thoracostomy (insertion of a chest
drainage tube) on 1.7%. Thoracostomy was related
both to the presence of loculation (OR, 5.8; P < .001)
and effusion size (OR, 2.8; P < .001).

Discussion

In this study, patients with pneumonia with radiologically
defined pleural effusions at ED presentation were
more likely to die by 30 days, more likely to be
admitted to the hospital, and had a longer length

of stay compared with patients without effusion, even
after adjustment for severity of illness. Importantly,
eCURB/CURB-65 significantly underestimated the
30-day mortality of patients with pneumonia

TABLE 2 | Logistic Regression Measuring the
Probability of Having Effusions Vs No

Effusions
Variable OR 95% CI P Value
Intercept 0.05 0.04-0.07 < .001
Elixhauser 1.13 1.09-1.18 < .001
comorbidity score
Bilirubin 1.07 1.00-1.15 .04
Creatinine 0.96 0.88-1.05 .39
BNP 1.21 1.12-1.28 < .001
eCURB (%) 0.99 0.99-1.01 .87
Male 0.97 0.82-1.15 .72
Age (decades) 1.15 1.09-1.20 < .001

Values for bilirubin, creatinine, and BNP include imputed values and were
centered and scaled in the regression analysis. See Table 1 legend for
expansion of abbreviations.
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presenting with a pleural effusion. These data
suggest that the presence of a pleural effusion
should be incorporated into mortality predictions
for ED populations. Why the development of a
pleural effusion is associated with adverse prognosis,
and whether different management of these patients
might improve outcome, needs urgent investigation.

Previous studies on parapneumonic effusions have
included inpatients who developed a pleural effusion
anytime during their pneumonia course and have
focused predominantly on the need of sampling and
drainage of the fluid. The present large study revealed
for the first time that patients with pneumonia who
present with a pleural effusion at the time of ED
admission should be recognized for their significantly
inferior clinical outcomes and prognosis.

There are > 60 causes of a pleural effusion.”” Most
effusions in the present study were not large, and

only 11.3% were judged to warrant thoracentesis; hence,
the etiology of the majority was not established.
Nonetheless, the presence of effusion was a prognostic
indicator irrespective of the cause(s). Many pleural
effusions in patients with pneumonia develop as a result
of pleural extension of lung parenchymal changes.
Inflammation of the visceral followed by the parietal
surfaces result in exudative fluid formation from
plasma extravasation.”> Conversely, comorbidities are
common in patients with pneumonia; the subgroup with
bilateral effusions were older and had more comorbid
illnesses. Previous research by Hasley et al'' showed
that outpatients with pneumonia and radiographically
defined heart failure, as well as those with bilateral
pleural effusions, had higher mortality rates. We found
higher crude mortality rates in patients with bilateral
effusions, although bilateral effusions were associated
with other measures of illness severity that led to
mortality being similar after severity adjustment.
Patients with HCAP were more likely to have effusions
at ED presentation, perhaps a combination of both
aforementioned reasons. It can be argued that some
effusions in patients with pneumonia reflect more
severe lung inflammation, whereas others may reflect
concomitant comorbidity in the host; either factor

can account for worse outcome.

A number of prognostic models have been used

in pneumonia. The CURB-65 (or eCURB) severity
score is among the most commonly used instrument
in predicting 30-day mortality in clinical practice and
in trials. Our study confirmed that eCURB accurately
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predicted the mortality in patients without an effusion
but significantly underestimated mortality in the
group with pleural effusion at presentation. Future
studies need to evaluate the value of incorporating
effusion into CURB-65/eCURB. The Pneumonia
Severity Index includes pleural effusion as a predictor,
but it adds only 10 points to the multiple other
factors. Future clinical studies in pneumonia must
recognize the prognostic implication of an effusion

to appropriately stratify randomized patients.

We also reported higher rates of initial and secondary
hospital admissions in patients with pneumonia with
effusions. Whether higher rates of hospital admission
improve outcomes in these patients is unclear. Our
data do highlight the fact that clinicians must take
into account the worse outcomes of patients with
pneumonia who have a pleural effusion at time of
diagnosis.

There are limitations to our study. Our data were
derived from electronic medical records, and they
include older and more ill patients with pneumonia
compared with prospective studies that require
individual patient consent.”* Detecting pleural effusions
involved radiographic studies that vary in sensitivity

1514 Original Research

and specificity, although we prioritized the more
accurate study when available. Deaths of non-Utah
residents who died outside Utah, and patients
secondarily admitted to a hospital not affiliated with
Intermountain Healthcare Hospitals, may not have
been captured, although this total is likely a very small
percentage of our cohort and should not alter the
conclusions. The etiology of most effusions could not
be established due to the low rate of thoracentesis,
although the presence alone of an effusion was a
prognosticator. We were not able to determine whether
the low rate of thoracentesis affected mortality in

this study.

Conclusions

Patients with pneumonia presenting with a pleural
effusion had more comorbid illnesses, experienced
higher rates of mortality and hospital admissions,
and had longer stays in the hospital. Clinicians
must recognize the implication on clinical outcome
conferred by the presence of an effusion. Targeted
therapies or increased attention to fluid drainage
might be needed to improve outcome in this patient
population.
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