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      The fi nding of acute hypoxemia and bilateral lung 
infi ltrates on frontal chest radiograph is common 

in the ICU setting, and differentiation between 
cardiogenic pulmonary edema (CPE) and noncar-
diogenic pulmonary edema (acute lung injury [ALI]) 
is diffi cult and challenging in the early stages of 
illness.  1,2   Left atrial hypertension (LAH) as a prin-
cipal cause of acute pulmonary edema must be 
excluded before making a diagnosis of ALI and its 
more severe form, ARDS.  3   Conversely, to exclude 

ALI, one needs not only the evidence of LAH but 
also the absence of signifi cant ALI risk factors. Tra-
ditionally, a pulmonary artery occlusion pressure 
(PAOP)  .  18 mm Hg has been used as a surrogate 
marker of LAH. It is rarely used in current clinical 
practice because it is invasive, the effi cacy of pulmo-
nary artery catheter-guided therapy in critically ill 
patients has not been proven,  4   and some studies have 
suggested increased morbidity and mortality asso-
ciated with its use.  5   

  Background:    At the onset of acute hypoxic respiratory failure, critically ill patients with acute 
lung injury (ALI) may be diffi cult to distinguish from those with cardiogenic pulmonary edema 
(CPE). No single clinical parameter provides satisfying prediction. We hypothesized that a com-
bination of those will facilitate early differential diagnosis. 
  Methods:    In a population-based retrospective development cohort, validated electronic surveil-
lance identifi ed critically ill adult patients with acute pulmonary edema. Recursive partitioning 
and logistic regression were used to develop a decision support tool based on routine clinical 
information to differentiate ALI from CPE. Performance of the score was validated in an inde-
pendent cohort of referral patients. Blinded post hoc expert review served as gold standard. 
  Results:    Of 332 patients in a development cohort, expert reviewers ( k , 0.86) classifi ed 156 as 
having ALI and 176 as having CPE. The validation cohort had 161 patients (ALI  5  113, CPE  5  48). 
The score was based on risk factors for ALI and CPE, age, alcohol abuse, chemotherapy, and 
peripheral oxygen saturation/F IO  2  ratio. It demonstrated good discrimination (area under curve 
[AUC]  5  0.81; 95% CI, 0.77-0.86) and calibration (Hosmer-Lemeshow [HL]  P   5  .16). Similar per-
formance was obtained in the validation cohort (AUC  5  0.80; 95% CI, 0.72-0.88; HL  P   5  .13). 
  Conclusions:    A simple decision support tool accurately classifi es acute pulmonary edema, reserving 
advanced testing for a subset of patients in whom satisfying prediction cannot be made. This 
novel tool may facilitate early inclusion of patients with ALI and CPE into research studies as well 
as improve and rationalize clinical management and resource use.  
  CHEST 2012; 141(1):43–50   

  Abbreviations:  AECC  5  American European Consensus Conference; ALI  5  acute lung injury; AUC  5  area under curve; 
BNP  5  brain natriuretic peptide; CAD  5  coronary artery disease; CPE  5  cardiogenic pulmonary edema; CVP  5  central 
venous pressure; DC  5  development cohort; E/E 9   5  ratio of mitral peak velocity of early fi lling (E) to early diastolic 
mitral annular velocity (E 9 ); HL  5  Hosmer-Lemeshow test; IQR  5  interquartile range; LAH  5  left atrial hypertension; 
LBBB  5  left bundle branch block; PAOP  5  pulmonary occlusion pressure; Sp o  2   5  peripheral oxygen saturation; 
VC  5  validation cohort 
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at the study institution who developed acute hypoxic respira-
tory failure and had chest radiographic evidence of bilateral pul-
monary infi ltrates consistent with acute pulmonary edema. In 
the DC we used a population-based design, including only 
Olmsted County (Minnesota) residents admitted to ICUs between 
January 2006 and September 2009. The VC was based on a cohort 
of referral patients (ie, non-Olmsted County residents) admitted 
to ICUs July through November 2006. 

 A previously validated electronic surveillance system (ALI Sniffer) 
identifi ed for both cohorts patients with a Pa o  2 /F io  2   ,  300 on 
arterial blood gas analysis and the presence of bilateral infi ltrates 
and/or edema on the radiologist report of portable digital chest 
radiographs.  9   Positively screened patients were reviewed post 
hoc by critical care experts who ascertained the fi nal diagnosis of 
ALI, CPE, both, or other (gold standard). Excluded were patients 
classifi ed as Other. This category included also patients who had 
chest radiograph fi ndings not consistent with ALI  14,15  : unilateral 
infi ltrates, lower zone opacities only, diffi cult-to-interpret chest 
radiograph, chronic only, or no infi ltrates. We excluded patients 
who were on mechanical ventilation prior to development of acute 
pulmonary edema and those who had insuffi cient routine clin-
ical data available (ie, patients who expired within 6 h of onset 
of acute pulmonary edema or lacked timely documentation). 
Patients subjected to high-risk surgery or severe trauma (defi ni-
tions in e-Appendix 1) were excluded due to diagnostic diffi -
culties in the ascertainment of bilateral pulmonary infi ltrates 
(postoperative atelectasis) and poor model performance based 
on preliminary data. Patients who previously denied use of their 
medical records for research ( �  5%) were omitted from electronic 
screening automatically. Mayo Clinic institutional review board   
approved the use of medical records for research and waived the 
requirement for written informed consent (IRB# 06-005244). 

 Expert reviewers blinded to the model prediction classifi ed 
patients as ALI vs CPE using all available information at the 
time of hospital discharge, including the course of illness and 
response to therapeutic intervention. ALI was defi ned according 
to the American-European Consensus Conference (AECC) state-
ment  3   as acute (  ,  24 h) hypoxemia (Pa o  2 /F io  2  ratio  ,  300) with 
bilateral lung infi ltrates consistent with pulmonary edema on 
frontal chest radiograph without any evidence of LAH. LAH was 
excluded by echocardiographic fi ndings (E/E 9   ,  15), BNP levels 
(BNP  ,  250 pg/mL in the absence of renal failure), and venous 
fi lling pressures (PAOP  �  18 or CVP  �  12 mm Hg in the absence 
of pulmonary hypertension). CPE was defi ned by a combina-
tion of clinical signs (jugular venous distension, systolic hyper-
tension); radiographic (cardiothoracic ratio of  .  0.53 and vascular 
pedicle width of  .  65 mm), ECG (new ST-segment and T-wave 
changes), laboratory (elevated troponin T level  .  0.1 ng/mL), and 
hemodynamic fi ndings (PAOP  .  18 mm Hg, CVP  .  12 mm Hg, 
decreased ejection fraction  ,  45%, E/E 9   .  15, presence of severe 
left-sided valvular heart disease [aortic or mitral stenosis or 
regurgitation]); and a brisk response (hours) to appropriate therapy 
(preload/afterload reduction, treatment of ischemia or ino-
tropic agents).  6   Cases with mixed criteria were counted as Both 
(ALI  1  CPE) and in analysis treated as ALI cases. Interobserver 
variability was calculated and discordant results resolved by con-
sensus. Additional details of post hoc expert assessment are pro-
vided in e-Appendix 2. 

 Predictor variables available within 6 h after onset of acute 
pulmonary edema were collected from electronic medical records 
by investigators blinded to expert diagnosis. These included: 
(1) clinical data: age, sex, previous medical history of heart dis-
ease, presence of risk factors of ALI, transfusion of blood prod-
ucts, chemotherapy, alcohol abuse; (2) examination fi ndings: 
temperature and oxygen saturation (Sp o  2 ); (3) blood tests: leuko-
cytes, bicarbonate, lactate, troponin T, BNP, and creatinine levels; 
(4) EKG fi ndings: new  .  1 mm ST segment elevation or depression 

 Alternative markers of LAH, such as B-type natri-
uretic peptide (BNP),  6,7   central venous pressure (CVP),  1   
and echocardiographic evidence of systolic and dia-
stolic dysfunction (ejection fraction, ratio of mitral 
peak velocity of early fi lling to early diastolic mitral 
annular velocity [E/E 9 ])  8   are commonly used to esti-
mate LAH. However, no single variable provides 
suffi cient diagnostic accuracy. In both practice and 
research, clinical judgment is the most common diag-
nostic tool.  1   Retrospective review of medical records 
by experienced providers taking into account all 
available clinical information and the course of 
disease has demonstrated reliable distinction between 
ALI and CPE and is currently the best available ref-
erence standard.  6,9   Early in the course of illness, 
however, clinical judgment is limited by its subjec-
tiveness and substantial interobserver variability. 
Indeed, clinical judgment is often inferior to more 
objective formal clinical decision tools, which mostly 
allow restriction of advanced testing to a smaller 
and more focused share of patients.  10-13   Our aim was 
to develop a decision support tool helping with early 
differential diagnosis in patients with acute pulmonary 
edema, which may improve diagnostic and thera-
peutic management, improve resource use, and facil-
itate pharmacologic and other interventional research 
in early stages of ALI or CPE. 

 Materials and Methods 

 For the development of the decision support tool we used a 
two-step approach: A model was created using a population-based 
development cohort (DC) and was validated in an independent 
validation cohort (VC) of referral patients. This retrospective, 
observational study was performed at a tertiary care hospital in 
Rochester, Minnesota. The target population was adult patients 
admitted to medical, cardiac, and mixed medical-surgical ICUs 
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univariate analysis (e-Table 1). The fi nal model com-
prised 11 predictor variables ( Table 2  ). 

 To facilitate clinical usage of the model, the calcu-
lated estimates were translated into a simple score 
shown in  Table 3  : Estimates were doubled and then 
rounded to the closest 0.5. This score demonstrated 
good discrimination (AUC  5  0.81; 95% CI, 0.77-0.86) 
and was well calibrated (HL  P   5  .16). 

 The predicted probability of ALI vs CPE (or vice 
versa) for a single patient with a given score sum is 
shown in  Table 4  . This table also shows how many 
patients of the development cohort fall into each cat-
egory (distribution of score sums among patients with 
ALI and CPE, respectively, is shown in e-Figure 2). 
Sensitivity and specifi city of the score range each from 
approximately 50% to 90%, depending on which cut-
off value is chosen ( Table 5  ). 

 When applied to the VC, the model showed sim-
ilar performance (AUC  5  0.80; 95% CI, 0.72-0.88) 
and calibration (HL  P   5  .13). Model performance 
(in DC) was the same when excluding patients with 
both conditions (ALI  1  CPE, according to expert 
review) from logistic regression analysis (AUC  5  0.83; 
95% CI, 0.78-0.88). An excel calculator is provided 
in e-Appendix 3. (Disclaimer: this calculator is only 

in two contiguous leads or new left bundle branch block (LBBB). 
A list of all variables and the applied defi nitions are shown in 
e-Appendix 1. 

 Statistical Analysis 

 In both cohorts, data were summarized as median (inter-
quartile range [IQR]) or percent (number) for each group (ALI 
vs CPE). Univariate statistical analysis was carried out using the 
Wilcoxon rank sum test for continuous variables and the  x  2  or 
Fisher exact test for categorical data, respectively. 

 Using univariate logistic regression analysis, variables asso-
ciated with ALI vs CPE were identifi ed. For this and all fur-
ther analyses, continuous predictor variables were dichotomized 
applying standard thresholds (yes  5  1, no  5  0).  16   Using recursive 
partitioning, a fi rst outline of the model was created and pos-
sible interactions between variables explored. A scoring model 
was created by stepwise logistic regression: Starting from a full 
model, colinear variables and those with least impact on predict-
ability (area under curve [AUC]) of the model were eliminated 
using clinical judgement.  17   Several clinically suspected interac-
tions were introduced and examined for statistical signifi cance. 
The estimates from the model were transformed into a simple 
scoring scale. The discrimination and calibration properties of this 
(translated) score were assessed using the area under the receiver 
operating characteristic curve and the Hosmer-Lemeshow (HL) 
goodness-of-fi t test. Sensitivity and specifi city (with 95% CI) were 
determined for different cutoff values. 

 The fi nal model derived from the DC was applied onto the VC 
and its performance judged by the resulting AUC and HL test. 
Missing data were treated as follows: For logistic regression a 
single imputation method was used. For variables including 0 in 
their “normal” reference range this value was used (eg, if someone 
had no EKG, we assumed that no ST changes were present); if 
not, the overall median was chosen. Recursive partitioning dealt 
with missing data by assigning these cases randomly to one or the 
other category. 

 Although patients with both conditions were treated as ALI 
cases in all steps of modeling, a sensitivity analysis excluded these 
patients. JMP (version 7.0, SAS) and SAS (version 8.0, SAS) statis-
tical software were used for all data analysis with the traditional 
 P  value of .05 used as cutoff to judge statistical signifi cance. 

 Results 

 Of 4,224 adult Olmsted County residents admitted 
to ICUs during the study period, 689 were screened 
positive for acute pulmonary edema (ALI Sniffer posi-
tive), with 332 eventually meeting all eligibility crite-
ria of the DC. For the VC, 3,052 patients (non-Olmsted 
County residents) were screened for acute pulmo-
nary edema. Of 558 positively screened patients, 
161 met all inclusion and exclusion criteria ( Fig 1  ). 

 There was very good agreement between post hoc 
reviewers regarding gold standard diagnosis ( k , 0.86). 
A summary of all collected information is shown for 
each cohort separately in  Table 1  . Recursive parti-
tioning revealed a positive interaction between ALI 
risk factors and alcohol abuse and led to the outline 
of a four-step model (e-Figure 1). 

 In the DC, 13 of 23 potential predictor variables 
were found to be signifi cantly associated with ALI in 

  Figure  1. Study fl owchart. AECC  5  American European Con-
sensus Conference; ALI  5  acute lung injury; CPE  5  cardiogenic 
pulmonary edema; T0  5  onset of acute pulmonary edema.   
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may provide accurate diagnosis early in the course of 
acute hypoxic respiratory failure more objectively than 
the common approach of using clinical judgment.  1,12   
The possibility of easily calculating specifi c pretest 
probabilities allows an objective appreciation of the 
risk-benefi t ratio of advanced procedures.  18   If suc-
cessfully validated, this simple prediction tool may 
be used to improve diagnostic assessment of patients 
with acute pulmonary edema early in the course of 
illness and to facilitate timely enrollment into clin-
ical research studies. 

 For a long time, pulmonary artery catheter-based 
assessment was considered the gold standard, but as 

 Table 1— General Characteristics of Both Cohorts: The Results of Univariate Analyses  

Characteristic  No.

Development Cohort

 P  Value No.

Validation Cohort

 P  Value
ALI/ALI  1  CPE 

(n  5  156) CPE (n  5  176)
ALI/ALI  1  CPE 

(n  5  113) CPE (n  5  48)

General information
 Age, y 71.5 (57.6-81.3) 78.2 (66.8-85.7)  ,  .001 65.2 (46.6-77.8) 72.5 (63.3-85.7) .004
 Female sex 47 (74) 57 (100) .09 47 (53) 50 (24) .72
 BMI 331 26.4 (23.3-30.5) 28.5 (23.7-33.1) .02 159 26.5 (22.1-32.3) 28.4 (24.7-32.7) .12
 NIV 19 (30) 30 (53) .02 33 (37) 44 (21) .18
 IMV 64 (100) 39 (68)  ,  .001 67 (76) 56 (27) .18
ALI risk factors
 Sepsis 51 (80) 15 (26)  ,  .001 40 (45) 13 (6) .001
 Pancreatitis 1 (2) 0 (0) .13 2 (2) 0 (0) 1
 Shock 35 (54) 20 (35) .003 35 (39) 23 (11) .15
 Pneumonia 44 (68) 23 (41)  ,  .001 58 (66) 27 (13)  ,  .001
 Aspiration 14 (22) 7 (12) .03 30 (34) 8 (4) .002
CPE risk factors
 Hx of CAD 30 (46) 51 (90)  ,  .001 18 (20) 44 (21) .001
 Hx of heart failure 21 (32) 40 (71)  ,  .001 22 (25) 56 (27)  ,  .001
 Hx of valvular disease 13 (20) 17 (30) .28 14 (16) 23 (11) .17
 New ST changes/LBBB 235 14 (14) 29 (38) .005 117 5 (4) 27 (11) .002
Laboratory results and vital 

 sign measurements
 BNP, pg/mL 74 708 (160-1007) 749 (309-1591) .18 41 690 (181-1,302) 1,610 (380-3,080) .03
 Bicarbonate, mmol/L 317 23 (19-27) 24 (21-28) .003 … … …
 Creatinine, mg/dL 312 1.1 (0.8-1.8) 1.2 (0.9-1.8) .27 … … …
 Lactate, mmol/L 142 1.9 (1.3-2.8) 1.6 (1-2.8) .31 … … …
 Leukocytes, count/nL 311 12.9 (8.5-17.9) 12.2 (9.3-15.8) .72 … … …
 Troponin T, ng/mL 213 0.02 (0.01-0.10) 0.05 (0.02-0.21) .01 0.02 (0-0.13) 0.105 (0.03-0.39) .004
 Max temperature, °C 268 37.2 (36.7-38.1) 37.3 (36.7-37.9) .69 … … …
 Sp o  2 /F io  2  ratio at 6 h  a  324 179 (132-247) 238 (167-329)  ,  .001 110 297 (160-443) 443 (190-462) .02
Risk modifi ers
 Chemotherapy 10 (16) 1 (2)  ,  .001 12 (13) 6 (3) .40
 Alcohol abuse (  .  2 drinks/d) 12 (19) 4 (7) .006 9 (10) 10 (5) .75
 Smoking (active/  .  20 PY) 46 (72) 44 (77) .66 32 (36) 33 (16) .86
 Diabetes mellitus 23 (36) 31 (55) .1 21 (24) 38 (18) .03
 ILD 5 (7) 5 (8) .98 … … …
Transfusions (any within 24 h)
 Platelets 4 (6) 1 (2) .15 … … …
 RBCs 13 (20) 11 (20) .68 … … …
 Fresh frozen plasma 3 (4) 6 (11) .12 … … …

 Data are presented as median (IQR) or % (No.). ALI  5  acute lung injury; BNP  5  brain natriuretic peptide; CAD  5  coronary artery disease; 
CPE  5  cardiogenic pulmonary edema; Hx  5  history; ILD  5  interstitial lung disease; IMV  5  invasive mechanical ventilation (includes patients with 
both NIV  1  IMV); IQR  5  interquartile range; LBBB  5  left bundle branch block; NIV  5  noninvasive ventilation (excludes patients who received 
also IMV during hospitalization); PY  5  pack years; Sp o  2   5  peripheral oxygen saturation. 
  a Sp o  2 /F io  2  ratio at 6 h after the onset of acute pulmonary edema. 

 preliminary, not yet validated externally and must not 
be used for patient care.) 

 Discussion 

 We present a simple prediction score for the early 
differential diagnosis of ALI vs CPE based on readily 
available clinical data. The results of univariate anal-
ysis concur with the previous fi ndings demon-
strating that no single clinical variable can predict 
the diagnosis accurately in a substantial portion of 
patients.  1,6-8   A formal combination of clinical variables 
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gesting further testing. In the post hoc sensitivity 
analysis, those cases were excluded without substan-
tially changing the performance of the score. 

 BNP is sometimes used in clinical practice to dis-
tinguish between ALI and CPE. However, common 
occurrence of shock and acute kidney injury limit 
its usefulness in the ICU setting.  6   In a post hoc 
analysis of a subgroup of patients who had this bio-
marker measured (e-Appendix 4), addition of BNP 
marginally improved the prediction, suggesting that 
this test may be used electively in uncertain cases. 

 Recently, Ware et   al  24   documented that acute pul-
monary edema can be categorized into ALI vs CPE 
on the basis of edema fl uid to plasma protein ratio. 
They reported very good sensitivity (81%) and speci-
fi city (81%). Unfortunately, edema fl uid is available 
in a minority of patients and requires the presence of 
an endotracheal tube. Similarly, physiologic studies 
that used lung uptake of membrane-impermeable 
radionuclide tracers have a limited value outside the 
research setting.  25   Ultimately, the discovery of reliable 
biomarkers of alveolar-capillary membrane injury  26,27   
and wider availability and improved accuracy of bed-
side ICU ultrasonography  28   may be helpful to more 
precisely identify the cause of the pulmonary edema 
early in the course of the illness. 

 The major limitation of our study is one that plagues 
the fi eld: the lack of a good gold standard. By defi ni-
tion, each new test can only be as good as its refer-
ence standard. Following previous practice,  6,9,29   we 
used a post hoc expert review to compare our model. 
Although the dependence of reviewers on informa-
tion from medical records means some loss of data 
as compared with bedside assessment, this is more 
than compensated by the fact that all testing and 
clinical data (including the course of disease) become 

shown multiple times, its accuracy in routine clin-
ical practice is limited.  19-21   The Fluids and Catheters 
Treatment Trial (FACTT) showed that about one-
third of the patients with ALI in the pulmonary artery 
catheter portion of the trial had a PAOP  .  18 mm Hg 
at the time of catheter insertion. This is a substan-
tial proportion, highlighting the inadequacy of the 
pulmonary artery catheter in differentiating between 
the two conditions as well as the possibility that both 
may coexist.  22   We approached this issue by treating 
patients with both conditions as ALI cases to account 
for the more severe prognosis and to concur with 
previous practice.  22,23   The majority of these patients 
had intermediate-range scores (data not shown) sug-

 Table 2— Logistic Regression Model for Prediction of ALI/ALI  1  CPE vs CPE  

Predictor Estimate (95% CI) SE

Wald  x  2  Test

 x  2  P  Value

Intercept  2 0.82 ( 2 1.37 to  2 0.30) 0.27 9.1 .003
Age  ,  45 y 2.26 (0.81 to 4.21) 0.83 7.4 .007
Hx of heart failure  2 0.66 ( 2 1.25 to  2 0.07) 0.30 4.8 .03
Hx of CAD  2 0.38 ( 2 0.93 to 0.17) 0.28 1.8 .18
New ST changes/LBBB  2 0.76 ( 2 1.55 to  2 0.03) 0.38 3.9 .05
Sepsis or pancreatitis 1.29 (0.70 to 1.89) 0.30 18.0  ,  .001
Pneumonia 0.54 ( 2 0.07 to 1.14) 0.31 3.0 .08
Aspiration 0.24 ( 2 0.71 to 1.2) 0.48 0.3 .62
Alcohol abuse  3  ALI RF  a  2.10 (0.39 to 5.03) 1.07 3.8 .05
Chemotherapy 2.07 (0.71 to 3.96) 0.79 6.9 .009
Sp o  2 /F io  2  ratio at 6 h  ,  235  b  0.51 ( 2 0.02 to 1.05) 0.27 3.5 .06
AUC  5  0.81

A higher estimate indicates a higher probability for ALI/ALI  1  CPE vs CPE and vice versa. AUC  5  area under curve; RF  5  risk factor. See Table 1 legend 
for expansion of other abbreviations.
 a Variable was 1 if patient had any of the following: sepsis, pancreatitis, pneumonia, aspiration; all else, 0.
 b Sp o  2 /F io  2  ratio at 6 h after onset of acute pulmonary edema.

 Table 3— Score Derived From Logistic Regression 
Model  

Predictor
Estimates Translated 

Into Score

Demographic
 Age  ,  45 yr 4.5
CPE risk factors
 Hx of heart failure  2 1.5
 Hx of CAD  2 1
 New ST changes/LBBB  2 1.5
ALI risk factors
 Sepsis or pancreatitis 2.5
 Pneumonia 1
 Aspiration 0.5
ALI risk modifi er (only counted 

 if any ALI RF)
 Alcohol abuse 4
Miscellaneous
 Chemotherapy 4
 Persistent hypoxemia  5  Sp o  2 /F io  2  

 ratio at 6 h  ,  235
1

ALI RF  5  ALI risk factor (sepsis, pancreatitis, pneumonia, aspiration). 
See Table 1 and 2 legends for expansion of other abbreviations.
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 A third limitation may be the dependence of the 
screening tool (ALI Sniffer) on the availability of 
arterial blood gas measurements. The aim of our 
study, however, was to provide help with the dif-
ferentiation of ALI vs CPE in patients in whom 
this may be challenging. Patients lacking arterial 
blood gas measurements most likely did not have 
severe enough acute respiratory failure to entertain 
the diagnosis of ALI and were, therefore, not our tar-
get population. 

 Other issues are that due to the shape of the oxyhe-
moglobin dissociation curve, the Sp o  2 /F io  2  ratio may 
not be reliable in cases in which the Sp o  2  was  �  97%. 
In a preliminary study, Sp o  2 / F io  2  ratios of patients 
with ALI compared with those with CPE were signif-
icantly lower at 6 h after onset of acute pulmonary 
edema, suggesting that this ratio may be nonetheless 
a good marker for the differentiation of both condi-
tions.  31   Also, we did not compare the accuracy of our 
model against the clinical judgment by bedside pro-
viders. Although previous studies suggest that health-
care providers fail to recognize ALI in a majority of 
patients,  9,32   the clinical impact of our tool needs to be 
evaluated in a prospective validation. 

 Conclusions 

 We present a decision support tool for differential 
diagnosis of ALI vs CPE based on readily available 
clinical information. Once externally validated, our 
simple, quick, cheap, and noninvasive tool may be 
useful not only for early enrollment into research 
studies but also to help acute care providers at bed-
side, especially those who are at an earlier stage in 
their career. In addition, this tool can be easily pro-
grammed within the new generation of electronic 
medical records. 
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overt. The good agreement among expert reviewers 
( k , 0.86) indicates that this process allowed reliable 
differentiation between ALI and CPE. Although the 
 k  statistic does not allow judgment of the accuracy of 
this process (ie, how often the experts agreed on the 
true diagnosis), we assume that it was good due to 
the high level of reviewers’ experience and training. 
The reliance of the model on information commonly 
used for clinical assessment  1   and its validation in an 
independent second cohort improve the generaliz-
ability of our fi ndings. However, before general adop-
tion for clinical practice, prospective validation and 
impact analysis are necessary.  30   

 Another important limitation of our approach is 
intrinsic to the clinical nature of ALI or CPE in the 
sense that the conditions can coexist. The AECC 
defi nition  3   of ALI calls for exclusion of left atrial 
hypertension, but this does not account for existence 
of both as discussed previously in the context of 
FACTT trial.  22   Obviously, this will affect the accurate 
differentiation and performance of any diagnostic 
test that aims to differentiate between these two con-
ditions. Our score refl ects this fact by assigning an 
intermediate score value to the majority of this patient 
group. Although more extreme score values provide a 
strong and objective rationale for omitting further 
testing, advanced investigation may be warranted 
in patients with intermediate results. In our study, 
only 17% of patients had an undetermined score 
(ie, 1-1.5); the remaining 83% fell either below or 
above this gray zone. This suggests that the presented 
tool will be helpful in a substantial fraction of patients. 

 Table 4— Probability of ALI/ALI  1  CPE vs CPE 
(or Vice Versa) for a Given Score Sum  

Calculated Score % No. % ALI % CPE

 �   2 2 13 44 11 89
 2 1.5 to  2 0.5 20 67 19 81
0 to 0.5 13 44 34 66
1 to 1.5 17 55 51 49
2 to 3 11 35 63 37
3.5 to 4.5 12 38 71 29
5 to 6 5 16 88 13
 �  6.5 10 33 97 3

See Table 1 legend for expansion of abbreviations.

 Table 5— Performance of the Score at Different 
Cutoff Values  

Cutoff Point Sensitivity 95% CI Specifi city 95% CI

 .   2 1.5 94 88-97 36 29-44
 .   2 0.5 89 82-93 53 45-60
 .  0  81 74-87 68 61-75
 .  1 64 55-71 82 75-87
 .  2 51 43-59 87 81-91
 .  3 47 39-55 92 87-95
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