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Abstract  

Heart failure and pneumonia are highly prevalent in elderly patients. We conducted a study to 

evaluate the differences in the patterns of symptoms, laboratory findings, and computed 

tomography (CT) results in elderly patients with acute cardiogenic pulmonary edema (ACPE) 

and community-acquired pneumonia (CAP). From January 1, 2015 to December 31, 2017, we 

studied 140 patients aged >75 years who were diagnosed with ACPE and CAP. Symptoms, 

laboratory findings, mean ostial pulmonary vein (PV) diameter and patterns on CT images were 

assessed. The primary measures of diagnostic accuracy were assessed using the positive 

likelihood ratio (LR+). The cutoff value of ostial PVs for differentiating patients with ACPE 

from CAP was evaluated using the receiver operating characteristic (ROC) analysis. Ninety-

three patients with ACPE, 36 with CAP, and 11 with complicated ACPE/CAP were included. 

In patients with ACPE, edema (LR+ 5.4) was a moderate factor for rule-in, and a high brain 

natriuretic peptide level (LR+ 4.2) was weak. In patients with CAP, cough (LR+ 5.7) and 

leukocytosis (LR+ 5.2) were moderate factors for rule-in, while fever (LR+ 3.8) and a high C-

reactive protein level (LR+ 4.8) were weak factors. The mean diameter of ostial PVs in patients 

with ACPE was significantly larger than that of patients with CAP (15.8± 1.8 mm vs 9.6±1.5 

mm, p< 0.01). ROC analysis revealed that an ostial PV diameter cutoff of 12.5 mm was strong 

evidence for distinguishing ACPE from CAP with an area under the ROC curve of 0.99 and 

LR+ 36.0. In conclusion, as ACPE and CAP have similar symptoms and laboratory findings, 

dilated ostial PVs were useful in characterizing CT images to distinguish ACPE from CAP.  

 

Key words: acute cardiogenic pulmonary edema; ostial pulmonary veins; elderly; 

pneumonia. 
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Introduction 

Heart failure (HF) and community-acquired pneumonia (CAP) are two major public health 

problems associated with high morbidity and mortality in the elderly population. The 

prevalence and incidence of HF and CAP progressively increase with age. Hospitalizations for 

acute HF and CAP are increasingly common among elderly patients older than 65 years of age 

[1], with annual hospitalization rates of 7-61 per 1,000 and 21.5 per 1,000, respectively [2]. 

Approximately 20% of the patients with HF have concomitant CAP [3]. Acute respiratory tract 

infection is the main precipitating event for 3-16% of patients hospitalized with HF; conversely, 

HF is a risk factor for CAP [4]. Unfortunately, the symptoms and signs of CAP are not specific, 

and even with chest radiograph features compatible with acute pulmonary inflammation, 5-17% 

of patients admitted to the hospital with CAP may have a non-infectious condition mimicking 

CAP [5,6]. 

A patient with acute cardiogenic pulmonary edema (ACPE) due to HF exacerbations can 

present similarly to a patient with CAP. Patients with ACPE commonly present with cough, 

shortness of breath, fatigue, and/or peripheral edema. Clinical presentation, routine laboratory 

test results, and chest radiography findings seem to have limited value in differentiating ACPE 

from CAP [7]. Radiographic signs of ACPE include left atrial enlargement, pulmonary venous 

engorgement, peribronchial patterns, and air bronchograms. A deep knowledge of the chest 

computed tomography (CT) signs of ACPE is crucial when other similar pulmonary conditions 

may occasionally be in the differential diagnosis [8,9]. No distinction can be made between 

patients with pulmonary edema and those with pneumonia, as data on CT images are rare and 

invalidated. Gao et al. investigated that patients with ACPE demonstrated significant dilation 

of the pulmonary veins (PVs) on CT images compared to healthy patients [10]. However, it is 

unclear whether the dilation of PVs is useful for distinguishing ACPE from CAP.  

In this study, we investigated the clinical presentations and laboratory findings to find useful 

diagnostic findings in ACPE and CAP. We also assessed the CT image pattern and the diameter 

of PVs and whether ACPE and CAP can be distinguished from them. 

 

Materials and Methods 

Study design and patients 

Two hundred forty-seven and 618 patients were admitted to our hospital with ACPE and CAP 

between January 2015 and December 2017 (Figure 1). They were diagnosed in the emergency 
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unit with ACPE due to HF, which is defined as the sudden or gradual onset of the signs of HF 

requiring unplanned hospitalization, and CAP [8,11]. All patients were hospitalized within 24 

hours and underwent chest CT and measurement of serum brain natriuretic peptide (BNP) levels 

(Table 1). Finally, patients who showed findings of edema in the lung interstitium and/or alveoli 

caused by cardiac dysfunction were diagnosed with ACPE. Patients with cardiogenic shock, 

pneumonia, non-cardiogenic pulmonary edema, or acute coronary heart disease were excluded. 

Patients with CAP admitted concomitantly were also enrolled. Diagnosis of CAP is suggested 

based on a history of cough, dyspnea, pleuritic pain, or acute functional or cognitive decline, 

with abnormal inflammatory markers (e.g., white blood cells and C-reactive protein [CRP]) and 

abnormal findings on lung chest radiography [12-14]. Conditions that mimic CAP were 

excluded based on whether the patient’s condition failed to improve with antibiotic 

management. 

 

Measurement of BNP levels 

Blood samples were collected for biochemical and cardiac enzyme analyses. BNP is a useful 

biomarker for ACPE assessment, and its level was measured within 24 h of onset. 

 

Imaging technique 

Chest CT scans were obtained using an Aquilion CXL 64 scanner (Toshiba, Tokyo, Japan). 

Scanning parameters were 120 kVp and 50–190 mA. The section thickness was 5.0–10.0 mm 

from the lung apex to the lung base. All images were reconstructed using high-spatial-frequency 

or bone algorithms and displayed with a lung window setting (window level: -700 to -800 HU; 

width: 1500 HU). Chest CT findings were independently evaluated by one radiologist and one 

pulmonologist who were unaware of the patient’s clinical information. 

The diameters of the four ostial pulmonary veins (PVs) were measured on CT images, and their 

mean values were assessed as the diameter of the ostial PVs. We measured each ostial PV 

diameter at the level of the cross point of the ostial PV axis and the gate of the left atrium 

(Figure 2A). The patterns, extent, and distribution of the lung lesions were analyzed. The 

different patterns were classified as consolidation, ground-glass opacity, interlobular septal 

thickening, bronchovascular bundle thickening, intralobular interstitial thickening, and nodules. 

The presence of contralateral lung involvement and pleural effusion were also assessed. 
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Statistical analyses 

Continuous variables are presented as mean ± SD. The distribution of continuous data was 

evaluated by Shapiro-Wilk test graphs (histograms and Q-Q plots), and they showed a non-

normal distribution for the mean values of ostial PV (p<0.05). The Kruskal-Wallis with the 

Steel-Dwass test is utilized for all statistical analyses of continuous data [15]. Categorical data 

are presented as values and percentages. Differences in categorical variables between the 

subgroups were statistically tested using the Fisher’s exact test, followed by the Benjamini-

Hochberg procedure for multiple comparison correction [16]. The cutoff value of the ostial PV 

diameter for differentiating patients with ACPE from control patients was evaluated by receiver 

operating characteristic (ROC) analysis, and its sensitivity, specificity, and accuracy were 

calculated. All statistical analyses were performed using the R Project for Statistical Computing, 

version 3.2.5 (Vienna, Austria). A p-value <0.05 was considered statistically significant. 

The plot of specific ROC curves was used to evaluate the best cutoff point that could predict 

the probability of ACPE and CAP. The cutoff point was derived from the ROC curves based 

on the maximal Youden index, which was calculated as sensitivity+specificity−1, to reflect the 

maximal correct classification accuracy. Then, the accuracy of symptoms and laboratory 

findings in predicting ACPE and CAP was calculated in terms of sensitivity and specificity for 

this cutoff point. An area under the curve (AUC) >0.9 was defined as high accuracy, between 

0.9 and 0.7 as moderate accuracy, and <0.7 as low accuracy [17]. The positive likelihood ratio 

(LR+) and negative likelihood ratio (LR-) were the primary measures of diagnostic accuracy. 

An LR+ >10, indicating an estimated shift in probability of at least 45%, is very strong evidence 

to rule in disease, whereas between 5 and 10 is moderate (estimated shift of at least 30%) and 

between 2 and 5 is weak (estimated shift 15%) [18,19]. Reliability was calculated as the intra-

class correlation coefficient (ICC), with a value >0.75 considered as a good correlation. 

 

Results 

Patient characteristics 

Among the 247 and 618 patients admitted to our hospital with ACPE and CAP between January 

2015 and December 2017, we excluded 143 and 582 patients with ACPE and CAP, respectively. 

In total, 140 patients, 93 with ACPE, 11 with ACPE/CAP, and 36 with CAP met the inclusion 

and exclusion criteria in this prospective observational study (Figure 1). The underlying causes 

of ACPE and ACPE/CAP included chronic atrial fibrillation (n=41), hypertensive HF (n=36), 

cardiomyopathy (n=15), and valvular heart disease (n=13). Table 1 shows the baseline clinical 
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characteristics of the three groups. Patients’ mean age was no significant difference between 

the groups. Patients with ACPE predominantly had etiologies of chronic AF compared to those 

with CAP (55.8% versus 34.7%) and dilated cardiomegaly (26.5% vs. 4.7%). Analysis of the 

differences revealed that patients with CAP significantly showed a higher prevalence of fever, 

cough, appetite loss and higher inflammatory signs than patients with ACPE (p<0.01). In 

contrast, patients with ACPE significantly demonstrated a higher prevalence of edema and 

mean BNP level (p<0.01).  

 

Accuracy of diagnosing ACPE and CAP based on symptoms and laboratory findings 

In the analysis of the symptoms and clinical findings distinguishing ACPE from CAP (Table 

2), edema, dyspnea and a high BNP level had evidence to rule in ACPE. The best variable for 

ruling out ACPE was the BNP level. In CAP (Table 3), cough, fever and appetite loss had 

evidence to rule in. 

 

Diameter of ostial PVs on CT 

We assessed ostial PV diameter in patients with ACPE, CAP, and ACPE/CAP. The intra-

examiner reproducibility test showed that the ICC was 0.89 for the diameter of ostial PVs. The 

diameter of ostial PVs was calculated as the mean of the measurable ostial PVs. The mean 

diameter of ostial PVs in patients with ACPE was significantly larger than that of patients with 

CAP (15.8± 1.8 mm vs. 9.6±1.5 mm, p< 0.01) (Table 4). ROC analysis showed that an ostial 

PV cutoff ≧12.5 mm had a sensitivity of 100 %, a specificity of 99.8 %, and an accuracy of 

98.8 % in diagnosing ACPE, with an area under the ROC curve of 0.99 (Figure 4).  

 

CT findings of ACPE 

Table 4 shows CT findings of patients with each group and Figure 3 shows typical patterns of 

CT images. Bilateral pleural effusion, ground-glass opacities, interlobular septal thickening and 

peri-bronchovascular thickening were significantly observed in ACPE compared with CAP 

(p<0.01). In contrast, consolidation was significantly observed in CAP (p<0.01). 

 

Discussion 

Our results show that dilated ostial PVs were more in ACPE, and it is useful for distinguishing 

ACPE from CAP in elderly patients. Edema, high BNP level and bilateral pleural effusion were 
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helpfully ruled in ACPE, whereas cough, appetite loss and inflammatory marker level were 

helpfully ruled in CAP. 

First, we determined the differences in the symptoms between ACPE and CAP. The classic 

presentation of CAP is cough, shortness of breath, and fever. The most common signs of 

pneumonia include cough (79-91%), fever (up to 75%), increased sputum (up to 65%), pleuritic 

chest pain (up to 50%), and dyspnea (approximately 70%) [20]. However, elderly or debilitated 

patients can present with non-specific complaints [21,22]. Our result for high fever (36.1%) 

was consistent with that of a previous report that reported a low prevalence of high fever in 

elderly patients with CAP (33-60%) [23]. BNP was reported to be more likely to be elevated in 

chronic HF exacerbations, although sepsis from pneumonia can also increase the BNP level 

[21]. Our results demonstrated that symptoms and laboratory findings showed weak evidence 

for ruling in ACPE or CAP. Therefore, conditions that mimic pneumonia are not even 

considered in patients with a classic presentation of pneumonia until the patient fails to improve 

with initial antibiotic management. 

ACPE frequently presents as CAP [6]. In patients with areas of altered pulmonary perfusion 

due to bullae, chronic obstructive pulmonary disease, or valvular disease, pulmonary edema 

may appear as localized infiltrates on chest radiographs. An enlarged cardiac silhouette should 

raise the suspicion of cardiac disease. Primary cardiac disease with pulmonary edema may 

predispose patients to infectious pneumonia. Chest radiography findings in congestive HF may 

include prominent interstitial markings, cardiomegaly, and pleural effusions [24]. However, in 

an emergency setting, performing chest radiography while the patient is standing is not possible. 

Anteroposterior chest radiography performed in the supine position results in false 

magnification, which can exaggerate cardiomegaly [25]. 

ACPE is one of the most serious consequences of left ventricular cardiac failure. When the left 

ventricle fails or the mitral valve fails, left atrial pressure may increase substantially, followed 

by congestion of ostial PVs and increased pulmonary capillary pressure. This causes interstitial 

edema due to fluid movement from the blood vessels to the interstitial space, and when it 

progresses further, intra-alveolar edema occurs, resulting in ACPE [8]. From the mechanism of 

ACPE development, it seems that the PV diameter expands from an early stage at the onset of 

pulmonary edema; therefore, measurement of the PV diameter for ACPE evaluation will be 

useful. Our results are in accordance with those of Gao et al., demonstrated that patients with 

congestive HF had significant dilation of ostial PVs on CT [10]. In our study, a cutoff of 12.5 

mm for ostial PVs was attributed to higher accuracy for diagnosing ACPE. Approximately 90% 
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of patients with ACPE had bilateral pleural effusion. Additionally, dilated ostial PVs showed 

strong evidence of ruling in ACPE. 

On chest CT, signs of hydrostatic edema result from a combination of septal thickening and 

ground-glass opacities. The incidence and predominance of these signs are individually variable 

[24,26]. The most common CT findings in the parenchyma of patients with ACPE are ground-

glass opacities (100%), interlobular septal thickening (100%), peri-broncho-vascular 

thickening (80%), mosaic pattern of attenuation (67%), and consolidation (33%). The 

prevalence of patterns on CT images was inconsistent with our results; however, the order of 

frequency was consistent with our results, such as interstitial edema followed by alveolar edema. 

This study has several limitations. First, this was a single-center study with a small sample size, 

in which clinical efficacy was observed. Despite the small sample size, this study had a 

homogeneous group and eliminated assumption bias. Therefore, a large study without selection 

bias is required. Second, the CT images were assessed only once on admission. In acute HF, a 

time lag is often observed between the increased pulmonary capillary wedge pressure and the 

radiologic manifestation of pulmonary edema due to the slow movement of water through the 

widened capillary endothelial cell junctions [27]. Third, the dilation of ostial PVs is affected by 

cardiovascular diseases [28]. For example, patients with AF undergo structural changes due to 

organic remodeling of the left atrium, resulting in dilation of the PVs [28]. Fourth, although we 

evaluated only axial images, a multidirectional evaluation should be performed because the PV 

diameter is oval and deformed by heart movement [29]. Lastly, since the right PVs are larger 

than the left PVs, which are affected by surrounding structures, the results may vary depending 

on which PV is measured [29]. 

 

Conclusions 

In conclusion, as ACPE and CAP have similar symptoms and laboratory findings, it can be 

difficult to diagnose only on physical examination and blood tests. An ostial PV cutoff ≧12.5 

mm had a sensitivity of 100 %, a specificity of 99.8 %, so dilated ostial PVs is useful CT findings 

for distinguishing ACPE from CAP. 

 

 

 

 

 



9 
 

References 

1. Thomsen RW, Riis A, Nørgaard M, et al. Rising incidence and persistently high mortality 
of hospitalized pneumonia: a 10-year population-based study in Denmark. J Intern Med 
2006;259:410–7. 

2. Casper M, Nwaise I, Croft JB, et al. Geographic disparities in heart failure hospitalization 
rates among Medicare beneficiaries. J Am Coll Cardiol 2010;55:294–9. 

3. Jobs A, Simon R, Waha S, et al. Pneumonia and inflammation in acute decompensated 
heart failure: a registry-based analysis of 1939 patients. Eur Heart J Acute Cardiovasc Care 
2018;7:362–70. 

4. Jackson ML, Neuzil KM, Thompson WW, et al. The burden of community-acquired 
pneumonia in seniors: results of a population-based study. Clin Infect Dis 2004:39;1642–
50. 

5. Alves dos Santos JW, Torres A, Michel GT, et al. Non-infectious and unusual infectious 
mimics of community-acquired pneumonia. Respir Med 2004;98:488–94. 

6. Musher DM, Roig IL, Cazares G, et al. Can an etiologic agent be identified in adults who 
are hospitalized for community-acquired pneumonia: results of a one-year study. J Infect 
2013;67:11–8. 

7. Andrey Bobylev SR, Avdeev S, Mladov V. Diagnosis on community-acquired pneumonia 
(CAP) in patients with congestive heart failure (CHF). Eur Respir J 2017;50:PA4521. 

8. Ribeiro CMC, Marchiori E, Rodrigues R, et al. Hydrostatic pulmonary edema: high-
resolution computed tomography aspects. J Bras Pneumol 2006;32:515–22. 

9. Cardinale L, Priola AM, Moretti F, Volpicelli G. Effectiveness of chest radiography, lung 
ultrasound and thoracic computed tomography in the diagnosis of congestive heart failure. 
World J Radio. 2014;6:230–7. 

10. Gao L, Lu C, Yin M, et al. Increased ostial pulmonary vein diameter in congestive heart 
failure: a multi-slice computed tomography angiography evaluation. J Geriatr Cardiol 
2006;3:45–50. 

11. Gheorghiade M, Zannad F, Sopko G, et al. Acute heart failure syndromes: current state and 
framework for future research. Circulation 2005;112:3958–68. 

12. Metlay JP, Kapoor WN, Fine MJ. Does this patient have community-acquired pneumonia? 
Diagnosing pneumonia by history and physical examination. JAMA 1997;278:1440–5. 

13. Diehr P, Wood RW, Bushyhead J, et al. Prediction of pneumonia in outpatients with acute 
cough--a statistical approach. J Chronic Dis 1984;37:215–25. 

14. Ebell MH. Predicting pneumonia in adults with respiratory illness. Am Fam Physician 
2007;76:560–2. 

15. Kruskal WH, Wallis WA. Use of ranks in one-criterion variance analysis. J Am Stat 
Assoc1952;47:583. 

16. Benjamini Y, Hochberg Y. Controlling the false discovery rate: A practical and powerful 
approach to multiple testing. J Roy Stat Soc B Meth 1995;57:289–300. 

17. Akobeng AK. Understanding diagnostic tests 3: Receiver operating characteristic curves. 
Acta Paediatr 2007;96:644–7. 

18. Fagan TJ. Letter: Nomogram for Bayes theorem. N Engl J Med 1975;293:257. 
19. McGee S. Simplifying likelihood ratios. J Gen Intern Med 2002;17:646–9. 



10 
 

20. Fine MJ, Stone RA, Singer DE, et al. Processes and outcomes of care for patients with 
community-acquired pneumonia: results from the Pneumonia Patient Outcomes Research 
Team (PORT) cohort study. Arch Intern Med 1999;159:970–80. 

21. Marx JA, Hockberger RS, Walls RM, et al. Rosen’s emergency medicine: concepts and 
clinical practice. Saunders, Philadelphia; 2014. 

22. Maloney G, Anderson E, Yealy DM. Pneumonia and pulmonary infiltrates. In: Tintinalli 
JE, Stapczynski JS, et al., editors. Tintinalli’s Emergency medicine: a comprehensive study 
guide. McGraw-Hill Education, New York; 2016. 

23. Finkelstein MS, Petkun WM, Freedman ML, Antopol SC. Pneumococcal bacteremia in 
adults: age-dependent differences in presentation and in outcome. J Am Geriatr Soc 
1983;31:19–27. 

24. Ketai LH, Godwin JD. A new view of pulmonary edema and acute respiratory distress 
syndrome. J Thorac Imaging 1998;13:147–71. 

25. van der Jagt EJ, Smits HJ. Cardiac size in the supine chestfilm. Eur J Radiol 1992;14:173–
7. 

26. Bessis L, Callard P, Gotheil C, et al. High-resolution CT of parenchymal lung disease: 
precise correlation with histologic findings. Radiographics 1992;12:45–58. 

27. Fleischner FG, The butterfly pattern of acute pulmonary edema. Am J Cardiol 1967;20:39–
46. 

28. Lee JM, Kim JY, Shim J, et al. Characteristics of pulmonary vein enlargement in non-
valvular atrial fibrillation patients with stroke. Yonsei Med J 2014;55:1516–25. 

29. Hassani C, F. Saremi. Comprehensive cross-sectional imaging of the pulmonary veins. 
Radiographics 2017;37:1928–54.  

  



11 
 

Table 1. Characteristics of patients with ACPE, CAP, and ACPE/CAP. Continuous variables 
are presented as median (range), and categorical data are represented as value and percentage. 
The non-parametric Kruskal-Wallis was used to compare continuous variables between groups, 
and then the Steel-Dwass test was used as a post-hoc analysis. Differences in categorical 
variables between the subgroups were statistically tested using the Fisher exact test, followed 
by the Benjamini-Hochberg procedure for multiple comparison correction [20]. 
 

 Patients with ACPE Patients with 
ACPE/CAP Patients with CAP 

n 
Age, years 
Female sex, % 
Symptom 
Body temperature, °C 
Fever§, % 
High fever^, % 
SpO2, % 
SpO2 <94% 
Dyspnea 
Cough 
Wheeze 
Edema 
Appetite loss 
Altered mentation 
Bone fracture 
Laboratory findings 
WBC count, /µL 

 
CRP level, mg/mL 
BNP level, pg/mL 

93 
88.0 (75–100) 

57% 
 

36.6 (34.9–38.6) 
20.4% 
5.4% 

90.4 (72.0–99.0) 
61.3% 
65.6% 
5.4% 
1.1%‡ 
30.1% 
5.4% 
0% 
0% 

 
6,600 

(2,800–16,300) 
0.7 (0.02–21.72) 

663.5 
(52.6–5,936.5) 

11 
90 (81–97) 

36% 
 

37.3 (36.1–40.0)# 
63.6%∗ 

18.2%∗ 
88.0 (70.0–98.0) 

81.8% 
45.5% 
9.1% 
36.4% 
9.1% 

18.2%∗ 
18.2% 

0% 
 

8,400 
(2,600–24,210) 

6.56 (0.39–29.31)∗ 
406.8 

(146.6–1,158.2) 

36 
90 (75–97) 

42% 
 

37.9 (35.8–40.1)∗ 
66.7%∗ 

36.1%∗ 
93.0 (68.0–98.0) 

58.3% 
13.9%∗ 
16.7%∗ 
2.8%‡ 
2.8%∗ 
16.7%∗ 
5.6% 
8.3% 

 
10,700 

(2,800–19,700)∗ 
11.4 (0.03–31.91)∗ 

134.6 
(14.1–612.0)*° 

*p<0.01, #p<0.05 vs patients with ACPE; °p<0.01 vs patients with ACPE/CAP; §fever was defined as an axillary temperature ³37.2°C; ^high 

fever was defined as an axillary temperature ³38.0°C; ACPE, acute cardiogenic pulmonary edema; CAP, community-acquired pneumonia; 

SpO2, oxygen saturation; WBC, white blood cell; CRP, C-reactive protein; BNP, brain natriuretic peptide.  
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Table 2. Diagnostic abilities of the symptoms and laboratory findings for acute cardiogenic 

pulmonary edema (ACPE). 
 AUC 95% CI Sensitivity Specificity LR+ LR- 

Symptom 
Dyspnea 
Wheeze 
Edema 
Laboratory finding 
BNP level  
³250 pg/mL 
CT finding 
Bilateral pleural 
effusion 
Ostial PVs ³12.5 mm 

 
0.73 
0.52 
0.62 

 
0.89 

 
 

0.73 
 

0.99 

 
0.64–0.81 
0.47–0.57 
0.56–0.68 

 
0.85–0.95 

 
 

0.65–0.82 
 

0.97–1.00 

 
0.68 
0.10 
0.30 

 
0.81 

 
 

0.83 
 

1.00 

 
0.78 
0.94 
0.94 

 
0.81 

 
 

0.64 
 

0.97 

 
3.0 
1.7 
5.4 

 
4.2 

 
 

2.3 
 

36 

 
0.41 
0.96 
0.74 
 
0.24 

 
 

0.27 
 
0 

Positive likelihood ratio (LR+) = sensitivity/(1-specificity); negative likelihood ratio (LR-) = (1-sensitivity)/specificity. AUC, area under the 
curve; CI, confidence interval; BNP, brain natriuretic peptide; CT, computed tomography; PV, pulmonary vein.  
 

 

 

Table 3. Diagnostic abilities of the symptoms and clinical findings for community-acquired 

pneumonia (CAP). 

Symptom AUC 95% CI Sensitivity Specificity LR+ LR- 
Cough 
Appetite loss 
Confusion of new onset 
Body temperature ³37.2°C 
Desaturation 
Laboratory finding 
WBC count ³10,000/μL 
CRP level ³5.5 mg/dL 

 
0.63 
0.58 
0.53 
0.80 
0.51 

 
0.80 
0.83 

 
0.55–0.71 
0.51–0.65 
0.49–0.57 
0.71–0.89 
0.40–0.62 

 
0.71–0.90 
0.74–0.92 

 
0.31 
0.22 
0.05 
0.61 
0.67 

 
0.61 
0.72 

 
0.95 
0.94 
0.94 
0.84 
0.37 

 
0.88 
0.85 

 
5.7 
3.4 
1.0 
3.8 
1.1 

 
5.2 
4.8 

 
0.73 
0.83 
0.99 
0.46 
0.97 

 
0.46 
0.33 

Positive likelihood ratio (LR+) = sensitivity/(1-specificity); negative likelihood ratio (LR-) = (1-sensitivity)/specificity. AUC, area under the 
curve; CI, confidence interval; WBC, white blood cell; CRP, C-reactive protein. 
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Table 4. Computed tomography findings of patients with ACPE, CAP, and ACPE/CAP. 
Continuous variables are presented as median (range), and categorical data are represented as 
value and percentage. The non-parametric Kruskal-Wallis was used to compare continuous 
variables between groups, and then the Steel-Dwass test was used as a post-hoc analysis. 
Differences in categorical variables between the subgroups were statistically tested using the 
Fisher exact test, followed by the Benjamini-Hochberg procedure for multiple comparison 
correction [20]. 
 

 Patients with 

ACPE 

Patients with  

ACPE/CAP 

Patients with CAP 

n 

Ground-glass opacities 

Interlobular septal thickening 

Bilateral pleural effusion 

Unilateral pleural effusion 

Peri-bronchovascular thickening 

Mosaic pattern of attenuation 

Consolidations 

Diameter of PVs, mm 

93 

49.5% 

43.0%° 

86.0% 

5.4% 

25.8% 

10% 

8.6% 

15.8 

 (12.8–22.2) 

11 

27.3% 

27.3% 

45.5% 

18.2% 

0% 

0% 

72.7%∗ 

12.8  

(8.1–15.2)∗ 

36 

2.8%∗ 

0%∗ 

30.0%∗ 

22.2%# 

0%∗ 

0% 

75.0%∗ 

9.6  

(6.3–15.2)∗ 
*p<0.01, #P<0.05 vs patients with ACPE; °p<0.01 vs patients with ACPE/CAP. ACPE, acute cardiogenic pulmonary edema; CAP, community-
acquired pneumonia; PV, pulmonary vein. 
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Figure 1. Consort diagram of patient selection. 

 

 
 
Figure 2. A) The representative pattern of dilated ostial pulmonary veins (PVs) in patients with 
acute cardiogenic pulmonary edema (ACPE). B) Method of measuring ostial PVs; the 
diameters of four ostial pulmonary veins (PVs) are measured on CT images at the level of cross 
point of the ostial PV axis and gate of the left atrium. C) Comparison of the diameter of ostial 
PVs between the three groups: patients with ACPE (n=93), community-acquired pneumonia 
(CAP) (n=36), and ACPE/CAP (n=11). CT, computed tomography; ACPE, acute cardiogenic 
pulmonary edema; CAP, community-acquired pneumonia. 
   



15 
 

 
 
Figure 3. Representative computed tomography images of patients with acute cardiogenic 
pulmonary edema showing ground glass opacities (A), thickening of the interlobular septa and 
subpleural edema (B), peri bronchovascular interstitial thickening (C), and consolidation (D). 
 

 

 
 
Figure 4. Receiver operating characteristic curves between patients with acute cardiogenic 
pulmonary edema (n=93) and patients with community-acquired pneumonia (n=11). 


