
Pleural Fluid Analysis in Neutropenia

To the Editor:

Light’s criteria remains the standard for pleural fluid analysis (1).
Light’s criteria has superb sensitivity but less robust specificity,
particularly in certain populations (2). Hematopoietic stem cell
transplant (HSCT) recipients and patients with hematologic
malignancies often develop pleural effusions (3, 4). Cohort studies
within these populations have used Light’s criteria as the reference
standard for case adjudication; however, the majority of effusions
were classified as transudate or exudate without a specific etiology
(3–6). Light’s criteria may misclassify effusions in patients with
neutropenia, particularly in processes like infection where neutrophils
are thought to play a role in pleural pathology, thereby leading to
diagnostic uncertainty. This study examines the test characteristics of
Light’s criteria and other pleural fluid tests that help to identify
exudative effusions in a cohort of patients with neutropenia.

Methods
The study was approved by University of Virginia (UVA) Health-
Sciences Research Institutional Review Board with approval number
22067. This study is retrospective with a waiver of patient consent.
This convenience cohort was created by querying the UVA data
warehouse for thoracenteses performed betweenMarch 2011 and
June 2020 on patients who were neutropenic at least 24 hours prior to
the thoracentesis. Neutropenia was defined by an absolute neutrophil
count of less than 1,000 cells/μl. All etiologies of neutropenia and
indications for thoracentesis were included in this study. Clinical
data, pleural fluid data, serum lab data, and imaging studies were
extracted from the electronic medical record and stored in a REDCap
database (7, 8).

Case Adjudication. A summary of the index hospitalization
was generated by authors I.M.B. and S.F.O. Two board-certified
pulmonologists (A.J.B. and J.M.S.) independently reviewed the
available data, including the index test results, and case summary to
determine the etiology of the effusion. After the independent review,
the outcomes were compared and a consensus outcome was
obtained. Categories for final diagnosis included exudate due to
infection, exudate due to malignancy, exudate due to other, and
transudate. Case definitions were established prior to adjudication
and are outlined in METHODS in the online supplement.

Data Analysis. Determining if an effusion was an exudate was
the outcome of interest. Case adjudication was the reference standard.

Sensitivity, specificity, positive likelihood ratio (LR1), and negative
likelihood ratio (LR2) were determined for each of the following:
Light’s criteria, two-test rule, three-test rule, and the individual
components of these tests as previously described (1, 9). Analysis of
pleural fluid cholesterol was not completed due to the limited number
of samples in this cohort.

Pleural fluid data from the exudates due to infection and exudates
due to malignancy were compared. The variables of interest included
pleural fluid values of pH, lactate dehydrogenase (LDH), protein,
glucose, total cell count, and cell count differential. Mean values and
standard deviations were calculated for these variables. An
independent sample t test assuming unequal variances was used for
comparison of mean values. Two-tail P values were reported with each
variable of interest. A Bonferroni correction was performed to correct
for multiplicity with a familywise error rate of 0.05.

Results
Baseline Demographics. The search query identified 83
thoracenteses from 80 patients (Table E1). Median age was 61.6
years old and 48.8% were male. The cohort included
individuals with acute or chronic leukemia (26.3%), lymphoma
of unspecified subtype (18.8%), nonpulmonary solid tumors
(21.3%), pulmonary solid tumors (13.8%), HSCT recipients
(11.3%), solid organ transplant recipients (11.3%), individuals
with heart failure (12.0%), chronic kidney disease (7.2%), and
decompensated cirrhosis (8.4%). Regarding duration of
neutropenia, 30.1% of thoracenteses occurred with neutropenia
of less than 48 hours, 15.7% with neutropenia of less than 7
but greater than 2 days, 28.9% with neutropenia of less than 30
but greater than 7 days, and 25.3% with neutropenia of greater
than 30 days. The pleural effusions were determined by case
adjudication to be transudates in 33.7% of cases, exudates due
to infection in 37.3%, exudates due to malignancy in 25.3%,
and exudates due to other etiology in 3.6%.

Test Characteristics. Light’s criteria had a sensitivity of 92%
and specificity of 55% with an associated LR1 2.07 and LR2
0.14 (Table 1). Pleural fluid/serum protein ratio .0.5 had a
sensitivity of 58% and specificity of 89% with an associated
LR1 5.22 and LR2 0.47 (Table 1). Pleural fluid protein values
.2.9 g/dl had a sensitivity of 42% and a specificity of 96%
with a corresponding LR1 11.12 and LR2 0.61 (Table 1).
Analyses stratified by both duration (Table E2) and severity
(Table E3) of neutropenia show that both factors appear to
further negatively impact Light’s criteria’s specificity and
positively impact the specificity of the other
aforementioned tests.

Exudative Effusions. Pleural fluid studies from the exudates
due to infection versus exudates due to malignancy were compared
(Table E4). The percentage of neutrophils within the pleural fluid was
significantly higher in the exudates due to infection as compared with
exudates due to malignancy (Figure 1). None of the other variables
of interest had a statistically significant difference between groups
(Figure 1). Finally, of the samples sent for culture, 20% (6/30) were
positive for microorganisms, comparable to prior studies (Table E5)
(10, 11). Of the samples sent for cytology, 36% (4/11) were positive
for malignancy (Table E5).
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Table 1. Neutropenic pleural fluid test characteristics

Parameter Sample Size, n Sensitivity, % Specificity, % LR1 LR2

Light’s criteria 78 92 55 2.07 0.14
Pleural fluid protein/serum ratio .0.5 77 58 89 5.22 0.47
Pleural fluid LDH/serum LDH ratio .0.6 67 68 59 1.67 0.54
Pleural fluid LDH .2=3 ULN 76 60 73 2.23 0.55
Two-test rule* 77 84 38 1.37 0.41
Three-test rule† 77 90 40 1.51 0.24
Pleural fluid protein .2.9 78 42 96 11.12 0.61
Pleural fluid/serum protein gradient .3.1 g/dl 77 52 82 2.82 0.59
Pleural fluid LDH .0.45 ULN 76 83 42 1.42 0.42

Definition of abbreviations: LDH = lactate dehydrogenase; ULN=upper limit of normal.
*Two-test rule identifies an exudate by meeting at least one of the following criteria: either pleural fluid cholesterol .45 mg/dl or pleural fluid
LDH .0.453ULN for serum LDH.
†Three-test rule identifies an exudate by meeting at least one of the following criteria: either pleural fluid protein .2.9 g/dl, pleural fluid
cholesterol .45 mg/dl, or pleural fluid LDH .0.453ULN for serum LDH.
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Figure 1. Neutropenic pleural fluid laboratory results. (A–D) Comparison of fluid pH, LDH, protein, and glucose, respectively, between all four
case categories. Horizontal line in (C) represents pleural fluid protein 2.9 as referenced in Table 1. (E) Comparison of fluid cell profile between
all four case categories. **P value determined by Bonferroni correction with familywise error rate of 0.05. LDH = lactate dehydrogenase.
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Discussion
This study is the first to analyze the test characteristics of Light’s
criteria in a cohort of neutropenic patients using the clinical diagnosis
as the reference standard. Light’s criteria demonstrated similar
sensitivity but worse specificity compared with prior studies (2, 12),
particularly with more profound and longer duration neutropenia.
Specificity could suffer in particular due to nonspecific systemic LDH
elevations in inflammatory conditions wherein neutropenia is
common (12). Pleural fluid protein.2.9 g/dl and pleural fluid/serum
protein.0.5 had robust LR1 in this population, which is similar to
other studies (7). Within exudates, pleural fluid neutrophil percentage
distinguished those due to infection versus malignancy despite the
presence of peripheral neutropenia. In clinical practice, clinicians
should feel confident diagnosing a transudate in a patient with
neutropenia when none of Light’s criteria are met; however, when
Light’s criteria are met, we suggest additionally using pleural fluid
protein.2.9 g/dl or a pleural fluid/serum protein ratio.0.5 as
more specific indicators of an exudative effusion.

Strengths of this study include independent case adjudication
and clinical diagnosis as case definition. Limitations include cohort
size, variable etiologies and duration of neutropenia, and limited
pleural cholesterol values. Future studies could utilize a similar
approach but focus on a particular etiology of neutropenia.�
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Not All InhaledMedicines Are Equal

To the Editor:

We read with interest the perspective by Dr. Rabin and colleagues on
“opportunities to transform the inhaler market to address an
important source of GHG (greenhouse gas) emissions” (1). Their
conclusions include that the use of metered dose inhalers (MDIs)
containing hydrofluoroalkanes (HFA) should be minimized because
of the carbon footprint, and prescribing should be systemically
directed away from these products, and “would represent a major
symbolic victory”. We differ on some key points.

While the potential environmental impact of current MDIs is
important, perspective is needed. According to a 2018 United Nations

committee report, the carbon footprint of 2 puffs of albuterol HFA
134a is between that of manufacturing 250 ml of orange juice and 300
ml of cola (2). A 2021 European Respiratory Society statement
recognizes the environmental impact of MDIs, but points to the need
to focus on patient safety and choice rather than just the device (3).
The statement reported that medical aerosols account for,0.1% of
GHG in Europe. They state restricting MDIs would be “a retrograde
step for the respiratory care community”.

New, low-carbon footprint propellants for MDIs are currently in
development—specifically HFO (hydrofluoroolefin) 1234ze and
HFA-152a, with an environmental impact similar to dry powder
inhalers. A recent Phase 1 study in healthy volunteers of a current
triple therapyMDI with HFO-1234ve reported it as bioequivalent
and safe (3). Additional studies are required to bring this product and
others to market, but they appear promising.

As suggested by the authors, society, government,
manufacturers, and healthcare should drive the process for low-
impact inhalers. Critically, the U.S. Food and Drug Administration

This article is open access and distributed under the terms of the
Creative Commons Attribution Non-Commercial No Derivatives License
4.0. For commercial usage and reprints, please e-mail Diane Gern.
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