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Background: Differentiating cardiogenic pulmonary edema from other bilateral lung diseases such as pneumonia
is frequently difficult. We conducted a retrospective study to identify predictors for cardiogenic pulmonary edema
and non-cardiogenic causes of bilateral lung infiltrates in chest radiographs.

Methods: The study included patients who had newly developed bilateral lung infiltrates in chest radiographs and
patients who underwent echocardiography. Cases were divided into two groups based on the echocardiographic
findings: the cardiogenic pulmonary edema group and the non-cardiogenic group. Clinical characteristics and basic
laboratory findings were analyzed to identify predictors for differential diagnosis between cardiogenic and
non-cardiogenic causes of bilateral chest infiltrates.

Results: We analyzed 110 subjects. Predictors of cardiogenic pulmonary edema were higher brain natriuretic peptide
(BNP) levels, lower C-reactive protein (CRP) levels on the day of the event (<7 mg/dL), age over 60 years, history
of heart disease, and absence of fever and sputum. CRP on the day of the event was an independent factor to
differentiate cardiogenic and non-cardiogenic causes of newly developed bilateral chest infiltrates. Also, the validity
was comparable to BNP.

Conclusion: Clinical symptoms (sputum and fever), medical history (dyslipidemia and heart disease), and laboratory
findings (BNP and CRP) could be helpful in the differential diagnosis of patients with acute bilateral lung infiltrates

in chest radiographs.
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Introduction

Many patients visit the emergency department of pri-
mary care centers with acute shortness of breath, and
their chest radiographs show bilateral haziness. Many

kinds of diseases can cause bilateral chest infiltrates and
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can be classified as cardiogenic pulmonary edema or
non-cardiogenic-related, with pneumonia as one of the
most important non-cardiogenic causes. Pneumonia
should be treated with proper antibiotics and hydration,
whereas pulmonary edema should be treated with
diuretics. Thus, a differential diagnosis should be made
promptly to adequately manage the patient.

Plasma concentrations of certain natriuretic peptides
or their precursors, especially brain natriuretic peptide
(BNP) and N-terminal pro-brain natriuretic peptide, are
helpful in the diagnosis of heart failure, Several clinical
and epidemiological studies have demonstrated a direct
relationship between increasing plasma concentrations
of natriuretic peptides and decreasing cardiac (usually
left ventricular [LV]) function'”, A large study has con-

firmed that BNP levels can help in differentiating cardiac
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failure from respiratory acute breathlessness in the US
emergency room Setting4, Monitoring BNP levels also
improves the care of patients with acute dyspnea and
thereby reduces hospital time and total treatment cost’,

C-reactive protein (CRP) is an acute-phase reactant
that is synthesized by hepatocytes, Its production is
stimulated mainly by interleukin-6, interleukin-1 /4, and
tumor necrosis factor- 8 in response to infection or tis-
sue inflammation’. Since its identification in 1930, CRP
levels have been studied as a screening device for in-
flammation, a marker for disease activity, and a diag-
nostic adjunct7, Measurement of CRP levels is regarded
as the most suitable tool in the differential diagnosis of
pneumonia and other diseases™ ", and in general prac-
tice, can be used to identify infection due to the rapid
test time and cost-effectiveness.

However, based on emerging data, CRP levels can
be also used as an index for systemic inflammation in
acute decompensated heart failure' and as an indepen-
dent predictor for long-term outcome in heart failure'?,
Data showed that CRP levels could be elevated higher
than 10 mg/dL under noninfectious conditions of pa-
tients with heart failure, Patients with heart failure and
LV systolic dysfunction had higher CRP levels (10,9£18.0
mg/dl) than those with no heart failure (7.9%£12.1
mg/dL, p<0.001)", In another study, CRP levels signifi-
cantly increased in patients with acute pulmonary edema
compared to patients with stable heart failure who were
completely asymptomatic and had never sustained an
episode of acute congestive heart failure™, Thus, CRP
may not be suitable as an index for differential diag-
nosis of cardiogenic and non-cardiogenic cases, espe-
cially pneumonia, So, we conducted a retrospective
study to identify predictors for cardiogenic and non-car-
diogenic causes of acute bilateral lung infiltrates in chest
radiographs and to elucidate whether CRP levels com-

pared to BNP levels aid in differential diagnosis,

Materials and Methods

Our study was designed as a retrospective study at

Seoul National University Hospital, which is a tertiary
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referral center, From September 1, 2008 to May 31,
2009, we included patients who had newly developed
bilateral lung infiltrates in chest radiographs and under-
went echocardiography within 48 hours from an emer-
gency department visit,

Exclusion criteria were concomitant cardiogenic pul-
monary edema and pneumonia, some combined other
infection excluding pneumonia, neutropenia, a known
malignancy with lung metastasis, and primary lung
cancer,

Using echocardiographic findings, we divided pa-
tients into two groups, the cardiogenic pulmonary ede-
ma group and the non-cardiogenic group, Patients with
LV systolic dysfunction or those with LV diastolic dys-
function were placed in the cardiogenic pulmonary ede-
ma group (i.e., the cardiogenic group) and patients
lacking these features were placed in the non-cardio-
genic group. Systolic dysfunction was defined as LV
ejection fraction (LVEF) below 45% (LVEF<45%)", and
diastolic dysfunction (heart failure with preserved ejec-
tion fraction) was defined as preserved LVEF (>45%)
with LV relaxation abnormality or diastolic stiffness (E/
E' ratio>15)",

Age, gender, and past medical histories were re-
viewed from medical records. Clinical characteristics in-
cluding vital signs and basic laboratory findings includ-
ing CRP and BNP levels were analyzed,

To find patients with pneumonia in the non-cardio-
genic group, we used following clinical criteria which
were the presence of a new or progressive infiltrate in
the chest radiograph, plus at least 2 of the following':
acute respiratory symptoms or changes in chronic symp-
tom characteristics, fever above 38°C during the initial
24 hours of hospital admission, leukocyte count>12.0
(x10°/ 1£1), and microbiological confirmation with iso-
lated microorganisms known to be pulmonary patho-
gens. These criteria were also used to exclude patients
with pneumonia in the cardiogenic group.

To compare and assess the extent of radiologic in-
filtration, we used the lung scoring systemls_ Lung fields
in the chest X-ray were divided into three zones by

imaginary horizontal lines and further divided into me-
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dial and lateral halves using an imaginary vertical line
between the midline (vertebral spines) and the vertical
line along the outer margin of the rib cages. Thus, each
lung was divided into six segments. Based on the radio-
lucency of the lung infiltrates in the chest X-ray, scoring
points (0 to 2; 0, normal alveolar picture; 1, patchy
white infiltrates; 2, totally white infiltrates) were as-
signed to each segmentlg, Lung injury scores were not
statistically different between the two groups.

This research was approved by the Institutional
Review Board of Seoul National University, and has
therefore been performed in accordance with the

Declaration of Helsinki,
1, Statistical analysis

We first conducted a univariable analysis to compare
clinical characteristics between the cardiogenic and the
non-cardiogenic group using student's t-test and Mann-
Whitney U-test for continuous variables, and the chi-
square test and Fisher's exact test for categorical varia-
bles, We then made statistical models for multivariable
analyses, Variables with p<{0.20 in univariable analyses
were included in the initial multivariable models, and
the backward elimination method with a likelihood ratio
test was used to obtain a final model. We made two
models: the CRP-model in which BNP levels were not
included and the BNP-included model, The two final
models were compared in classification power using
Stat's roccomp command, The cutoff value of sensitivity
and specificity of two models was based on the median
value of the BNP and CRP levels. p<0.05 were re-
garded as statistically significant, and all statistical analy-
ses were performed with SPSS version 17,0 (SPSS Inc.,
Chicago, IL, USA) and STATA version 11.1 (Statacorp,
College Station, TX, USA),

Results

Among patients who visited the emergency depart-
ment during the study period, 250 patients showed bi-
lateral chest infiltrates and underwent echocardiography

within 48 hours of the initial chest X-ray, In total, 140

patients were excluded before data analysis, and 110
patients met the inclusion criteria for the study.
Exclusion criteria were other infections except pneumo-
nia (n=50), heart failure combined with pneumonia
(n=45), malignancy with lung metastasis or primary
lung cancer (n=27), and neutropenia (n=18),
Characteristics of the two patient groups are given in
Table 1. The cardiogenic group had 60 patients (54.5%)
and the non-cardiogenic group had 50 (45.5%). Based
on previously mentioned criteria, 40 patients (80%) of
the non-cardiogenic group were diagnosed with pneu-
monia. Smokers were more prevalent in the cardiogenic
group with statistical significance. The proportions of
patients with dyslipidemia and heart disease (acute cor-
onary syndrome, coronary artery bypass grafting, valvu-
lar heart disease, and arrhythmia) were higher in the

cardiogenic group, and more patients with malignancy

Table 1, Comparison of the cardiogenic edema and
non-cardiogenic groups

Cardiogenic Non-cardiogenic

-value
edema group group

Patients 60 (54.5) 50 (45.5)

Mean age (SD) 69.7 (9.8) 658 (162)  0.151

Male 39 (35.5) 28 (2565) 0335

Duration of admission, 95 (1-100) 13 (1-121) 0.058

median days (range)

Ever smoker 29 (48.9) 14 (28.0) 0.030
Never-smoker 31 (561.7) 36 (72.0)
Current-smoker 13 (21.7) 5 (10.0)
Ex-smoker 16 (26.7) 9 (18.0)

Hypertension 41 (68.9) 31 (62.0) 0487

Diabetes mellitus 33 (65.0) 23 (46.1) 0347

Chronic liver disease 4 8.7) 5(103) 0.729

Dyslipidemia 22 (36.7) 8 (161) 0015

Heart disease* 49 (81.7) 27 (54,00 0,002

Respiratory disease 7 (117 12 (2400 0.088

Chronic kidney disease 13 (21.7) 5 (1000 0.099

ESRD 12 (20.0) 4 (8.0) 0.700

Malignancy 6 (10.0) 13 (26.0) 0,027

Stroke 19 (31.7) 8 (16,00 0,057

Rheumatic disease 3 (5.0) 2 (4.0) 0.099

Values are presented as number (%),

*Heart disease: acute coronary syndrome, coronary artery by-
pass graft, valvular heart disease, arrhythmia,

SD: standard deviation; ESRD: end stage renal disease.
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were in the non-cardiogenic group.

In the univariable analysis, cough, sputum, fever, and
chilling sensations were more prevalent in the non-car-
diogenic group, and body temperature was also higher
in that group. Systolic and diastolic blood pressures
were significantly higher in the cardiogenic group. The
percentage of segmented neutrophils and fibrinogen
levels were higher in the non-cardiogenic group. Higher
albumin and BNP levels were observed in the cardiogenic
group, CRP values on the day of the event and the follow-
ing day were significantly higher in the non-cardiogenic
group than the cardiogenic group, but no difference was
observed over time (Table 2, Figure 1),

Echocardiographic  findings of the two groups

showed significant differences in LV dimension and
LVEF (Table 3).

Table 4 shows the final model without BNP levels
as covariates, CRP levels greater than 7 mg/dL on the
day of the event showed a 5.6 times higher possibility
of non-cardiogenic causes even when other covariates
were adjusted. Other independent predictors of non-car-
diogenic causes were no history of heart disease and
the presence of sputum and fever,

We performed a multivariable analysis including BNP
levels as covariates (Table 5). An age over 60, presence
of dyslipidemia, and higher BNP levels were indepen-
dent predictors for the cardiogenic group, whereas the

presence of sputum, fever, and chilling sensations were

Table 2, Clinical manifestations and laboratory differences between the two groups

Cardiogenic group Non-cardiogenic group p-value
Symptoms
Dyspnea 60 (100.0) 49 (98.0) 0.455
Edema 25 417 13 (26.1) 0.085
Diaphoresis 6 (10,0 3 (6.0 0.507
Cough 25 417 38 (76.0) 0.001
Sputum 20 (333 35 (70.0) 0.001
Fever 2 (83 29 (58.1) 0.001
Chill 2 (3.3 19 (38.2) 0.001
Hemoptysis 1017 123 0.997
Vital signs
SBP =132 mm Hg 37 617 19 (38.0) 0.013
DBP>=76 mm Hg 37 617 20 (40.0) 0.024
RR=23 (/min) 26 (433 26 (52.0) 0.365
Temperature >=37°C 17 (28.3 27 (54.0) 0.006
Laboratory findings
WBC>87x10% L 25 417 30 (60.0) 0.056
Hemoglobin=115 g/dL 34 (56,7 23 (46.0) 0.265
Segmented neutrophils =74 .0% 25 (417 33 (66.0) 0.011
Pa0,>68.6 mm Hg 33 (650 19 (38.0) 0.119
Albumin>3.3 g/dL 41 (683 19 (38.0) 0.001
BUN=24 5 mg/dL 27 (450 28 (56.0) 0.251
Creatinine=1.4 mg/dL 33 (65.0 26 (52.0) 0.753
AST =33 IU/L 33 (650 24 (48.0) 0.449
ALT=23 IU/L 34 (56,7 21 (42.0) 0195
Fibrinogen =476 mg/dL 25 417 27 (54.0) 0.008
CRP on the day of event, mg/dL 12 (0.04-2474) 10.3 (0.02-46.49) 0.001
BNP, pg/mL 1,270 (0-5,000) 473 (72-4,990) 0.001

Values are presented as number (% or range).

SBP: systolic blood pressure; DBP: diastolic blood pressure; RR: respiratory rate; WBC: white blood cell; BUN: blood urea nitrogen;
AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive protein; BNP: brain natriuretic peptide,
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Figure 1, Changes in C-reactive protein (CRP) values over
days between the two groups, CRP values (mg/dL) of the
cardiogenic group are expressed by the solid line and
those of the non-cardiogenic group by the dotted line,
*p<0.05,

Table 3, Echocardiographic findings of the two groups

Cardiogenic ~ Non-cardiogenic
p-value
group group

LVID sys, mm 483 (11.1) 316 (3.1) <0.001
LVID dia, mm 606 (8.3 491 (7.0 <0.001
LA size, mm 476 (7.8) 446 (11.6) 0142
LVEF, % 33.6 (13.6) 588 (6.6) <0.001
MVE-vel, m/sec 09 (04 12 (17) 0.354
MVA-vel, m/sec 08 (0.9 07 (0.2 0.156
MV DT, msec 1721 (68.1) 187.3 (70.8) 0.352

Values are presented as mean (+standard deviation).

LVID sys: left ventricular internal dimension, systolic; LVID dia:
left ventricular internal dimension, diastolic; LA: left atrium; LVEF:
left ventricular ejection fraction; MVE-vel: peak early diastolic mi-
tral inflow velocity; MVA-vel: peak late diastolic mitral inflow ve-
locity or atrial kick; MV DT: mitral valve deceleration time,

predictors for the non-cardiogenic group. In the BNP-in-
cluded model, CRP levels did not remain as in-
dependent predictors,

Two models showed good calibration and discrim-
ination (Figure 2). No significant difference in discrim-
ination power was detected between the CRP- and
BNP-models (p=0.535). The CRP-model showed a sen-
sitivity and specificity of 82.0% and 90.0%, respectively.

Table 4, Multivariable analysis of the CRP model

OR for
non-cardiogenic 95% Cl p-value
causes
Age>60 yr 0.21 0.04-1.01 0.051
Presence of 0.25 0.06-1.04 0057
dyslipidemia
Past history of 023 0.06-0.82 0.024
heart disease
Presence of 6.78 1.79-25.65 0.005
sputum
Presence of fever 29.29 446-19240 <0.001

CRP>7 mg/dL on 5,66
the event day

1.54-20.80 0.009

CRP: C-reactive protein; OR: odds ratio; Cl: confidence interval,

Table 5, Multivariable analysis of the BNP model

OR for
non-cardiogenic ~ 95% Cl p-value

causes
Age>60 yr 019 0.04-0.85 0.030
Presence of 0.21 0.05-0.84 0.029

dyslipidemia

Presence of sputum 837 176-15524 0014
Presence of fever 24 36 3.74-158.69 0.001
Presence of chill 16.55 176-15524 0014
BNP<1,034 pg/mL 120 1.01-142 0.001

BNP: brain natriuretic peptide; OR: odds ratio; Cl: confidence
interval,

Discussion

This study showed that CRP levels above 7 mg/dL
on the day of the event showed an over fivefold higher
possibility of non-cardiogenic causes even when other
covariates were adjusted. In addition, CRP levels were
comparable to BNP levels as a clinical predictor for the
differential diagnosis of cardiogenic and non-cardio-
genic causes in newly developed bilateral infiltrative
chest lesions,

Acute shortness of breath with bilateral chest in-
filtrates in a simple chest radiograph is a common emer-
gency department presentation and can be associated

with a long list of differential diagnoses. Differentiating
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Figure 2, Comparison of the C-reactive protein (CRP)
model and brain natriuretic peptide (BNP) model for pre-
dicting cardiogenic diseases. Filled circles represent the
CRP model and open diamonds the BNP model. No sig-
nificant difference was detected in discrimination power
(area under the curve, 0909 vs, 0.986; p=0535),

between cardiogenic causes, such as pulmonary edema
with heart failure, and non-cardiogenic causes, includ-
ing pneumonia, which need specific evaluation and
management, is most important, Echocardiography can
be used to assist in the diagnosis of heart failure, but
limited availability in the acute setting and high cost fre-
quently limit its use, Therefore, other simple and useful
screening tests to predict cardiogenic causes are nee-
ded.

BNP is a natriuretic peptide produced within the
heart and is released in response to ventricular overload

219,20
have demonstrated

and stretching. Several studies
a marked elevation in BNP plasma levels in patients
with systolic failure of the left ventricle, Furthermore,
studies have shown that a restrictive filling pattern asso-
ciated with systolic dysfunction is predictive of even
higher BNP levels™ . This convenient tool for the eval-
uation of dyspnea, especially from cardiogenic and non-
cardiogenic (respiratory) causes, is widely used in clin-
ical settings in conjunction with other clinical informa-
tion. However, the high cost of the BNP test is a limit-
ing factor in screening for acute dyspnea.

Many studies have established a relationship between
CRP levels and lower respiratory tract infection™*”

They provided evidence for the usefulness of CRP levels
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to diagnose pneumonia and to assess the severity of
pneumonia, which suggests the utility of CRP levels as
a screening tool for the differentiation of bilateral
infiltrates, However, several studies have reported in-
creases in CRP levels in patients with chronic heart fail-
ure as a marker of systemic inflammation and as a prog-
nostic indicator of heart failure’™"*", Increased CRP lev-
els have also been observed in acute decompensated
heart failure of cardiogenic pulmonary edema patients,
although considerable variation was seen in the CRP
values (range, 2.6-25 mg/dL) according to various stud-
ies'™. Thus, whether CRP levels can be a useful pre-
dictor in differentiating between cardiogenic and
non-cardiogenic causes has been unclear,

This study showed that CRP levels were more ele-
vated in the non-cardiogenic group than the cardiogenic
group, and 80% of the non-cardiogenic group had
pneumonia. CRP levels above 7 mg/dL (median value)
at the day of the event showed a 5.6-fold higher possi-
bility of non-cardiogenic causes, Moreover, in the com-
parison between the CRP and BNP models, no sig-
nificant difference was observed in sensitivity, specific-
ity, and area under the receiver operating curve, which
suggests comparable predicting power between the CRP
and BNP models. CRP models with a relatively lower
cost than BNP models can be effectively used to differ-
ential diagnose acute dyspnea from bilateral infiltrates,

In the non-cardiogenic group of our study, CRP levels
peaked at day 2 and gradually decreased to lower than
day 1 CRP levels. However, in the cardiogenic group,
CRP levels peaked at day 3 and slowly decreased, but
never reached below the initial value, The last measure-
ment of CRP values was higher than day 1 in the cardio-
genic group. The change in CRP levels of the non-car-
diogenic group was much more variable and faster than
that of the cardiogenic group whose CRP levels were
less variable and slower,

This observation can be explained by differences in
the CRP kinetics between the two groups, In heart fail-
ure, baseline CRP levels were slightly elevated due to
systemic inflammation and were stimulated in a limited

. . 23
degree due to an episode of acute exacerbation ’ In
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pneumonia, the basal level is low and an infection stim-
ulates rigorous CRP production, with CRP levels reach-
ing a steady state by 48 hours and eventually decreasing
once the stimulus has been removed™,

Delays in properly managing the cardiogenic group
may explain the aforementioned phenomenon. Initially,
antibiotics were used in 40% of the cardiogenic group
(data not shown), For final outcomes, such malpractice
wastes resources and needs to be reduced. However,
these findings demonstrate the difficulty in differential
diagnosis in cases of bilateral chest infiltrates,

This study has several limitations. Because it was per-
formed retrospectively, the usable variables were limi-
ted, Some physical findings such as jugular venous pre-
ssure and bilateral breathing sounds, which are im-
portant in diagnosing cardiogenic pulmonary edema,
were not available due to limited records,

We also did not include patients with lung cancer or
metastatic lesions of the lung, Our study targeted pa-
tients with newly developed bilateral chest infiltrates.
Determining whether the chest lesions of patients with
lung cancer or metastatic lesions were new or old was
difficult, so those cases were excluded,

We did not include patients with both cardiogenic pul-
monary edema and pneumonia concomitantly, Because,
our study aimed that if there are good predictors for car-
diogenic vs. non-cardiogenic causes in bilateral chest
infiltrates. To achieve this objective, the gray zone pa-
tients between the cardiogenic and non-cardiogenic
groups should be excluded. However, in the actual clin-
ical setting, many patients may fall in that zone, making
it difficult to solve with clinical research.,

In summary, higher BNP levels, lower CRP levels at
the day of the event (especially below 7 mg/dL), a his-
tory of heart disease, and absence of fever and sputum
were predictors of cardiogenic pulmonary edema, CRP
levels on the day of the event comprised an indepen-
dent factor in differentiating between cardiogenic and
non-cardiogenic causes of newly developed bilateral
chest infiltrates, Also, the validity was comparable to
that of BNP,

This study suggests that when you meet a patient

with acute bilateral lung infiltrates in chest radiographs,
clinical symptoms (sputum and fever), a medical history
(dyslipidemia and heart disease), and laboratory find-
ings (BNP and CRP) may be helpful in the differential
diagnosis of cardiogenic pulmonary edema and non-car-

diogenic causes such as bilateral pneumonia,
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