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Objective Pulmonary edema is frequently observed after a successful resuscitation in out-of-
hospital cardiac arrest (OHCA) patients. Currently, its risk factors and prognostic implications are 
mostly unknown. 

Methods Adult OHCA patients with a presumed cardiac etiology who achieved sustained return 
of spontaneous circulation (ROSC) in emergency department were retrospectively analyzed. The 
patients were grouped according to the severity of consolidation on their initial chest X-ray 
(group I, no consolidation; group II, patchy consolidations; group III, consolidation involving an 
entire lobe; group IV, total white-out of any lung). The primary objective was to identify the risk 
factors of developing severe pulmonary edema (group III or IV). The secondary objective was to 
evaluate the association between long-term prognosis and the severity of pulmonary edema. 

Results One hundred and seven patients were included. Total duration of cardiopulmonary re-
suscitation (CPR) and initial pCO2 level were both independent predictors of developing severe 
pulmonary edema with their odds ratio (OR) being 1.02 (95% confidence interval [CI], 1.00 to 
1.04; per 1 minute) and 1.04 (95% CI, 1.01 to 1.07; per 1 mmHg), respectively. The long term 
prognosis was significantly poor in patients with severe pulmonary edema with a OR for good 
outcome (6-month cerebral performance category 1 or 2) being 0.22 (95% CI, 0.06 to 0.79) in 
group III and 0.16 (95% CI, 0.04 to 0.63) in group IV compared to group I. 

Conclusion The duration of CPR and initial pCO2 level were both independent predictors for the 
development of severe pulmonary edema after resuscitation in emergency department. The se-
verity of the pulmonary edema was significantly associated with long-term outcome.
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What is already known
Acute pulmonary edema is commonly observed after prolonged chest compres-
sions. Previous studies have suggested that pulmonary edema results largely 
from the acutely increased pulmonary intravascular pressure generated by 
closed chest compressions.

What is new in the current study
The severity of pulmonary edema seen after return of spontaneous circulation 
is significantly associated with long-term survival and neurologic outcomes. 
Prolonged chest compressions and increased initial pCO2 level are both inde-
pendent risk factors for the development of acute pulmonary edema.

http://crossmark.crossref.org/dialog/?doi=10.15441/ceem.14.016&domain=pdf&date_stamp=2015-06-30
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INTRODUCTION

Pulmonary edema is a complication that develops during or shortly 
after cardiopulmonary resuscitation (CPR).1-8 Its vivid manifesta-
tions, including both pink frothy secretion during chest compres-
sions and multiple consolidation shadows on postresuscitation 
chest X-rays, are common in cardiac arrest patients. Studies have 
suggested that pulmonary edema results largely from the acutely 
increased pulmonary intravascular pressure generated by closed 
chest compressions,7 and therefore rapidly resolves after success-
ful resuscitation.6 However, there has been relatively little investi-
gation to further clarify the causes and consequences of pulmo-
nary edema. Currently, it is unknown whether any non-hemody-
namic factors, such as systemic inflammation or coagulopathy, 
influence development of pulmonary edema. Another important 
information gap is whether pulmonary edema affects prognosis. 
Therefore, the primary objective of this study was to identify fac-
tors associated with the severity of pulmonary edema, other than 
hemodynamic variables, in resuscitated out-of-hospital cardiac 
arrest (OHCA) patients. The secondary objective was to assess its 
prognostic significance.

METHODS

Study design
This is a single-center retrospective study of consecutive patients 
suspected to have had OHCA due to cardiac etiology from 2008 
to 2012. The primary objective was to identify factors associated 
with the severity of pulmonary edema seen after return of spon-
taneous circulation (ROSC). The secondary objective was to assess 
the association between severity of the pulmonary edema and 

long-term prognosis. The institutional review board of the study 
facility approved the study and provided a waiver of consent.

Study setting and population
The study was conducted in a 950-bed teaching hospital located 
in a city with an estimated population of 1,000,000. Emergency 
medical services were provided by the governmental fire services, 
and the level of prehospital CPR was restricted to basic life sup-
port.9 Advanced cardiovascular life support (based on American 
Heart Association CPR guidelines) was provided in the emergency 
department (ED) after arrival. Blood sampling was routinely per-
formed on arrival via peripheral vein or femoral puncture. Chest 
radiographs were routinely obtained after ROSC. 
  Adult (aged 18 or older) OHCA patients from 2008 to 2012 with 
a sustained ROSC after an unexpected sudden cardiac arrest were 
included (Table 1). We excluded patients with prehospital ROSC, 
and those who did not have a chest radiographs taken within 3 
hours of ED arrival, because of the tendency for pulmonary ede-
ma to rapidly disappear after ROSC.6 

ED OHCA registry
The researchers have maintained a registry of all consecutive 
OHCA patients transferred to the study facility since 2008.10,11 It 
includes prehospital Utstein-style elements, ED CPR events, and 
patient outcomes. The Utstein-style elements and CPR events are 
collected by emergency medical technicians (EMTs) working in 
the ED, and then reviewed and refined by the ED CPR researchers. 
Patient outcomes, including survival and 6-month cerebral per-
formance category (CPC) scales,12 are assessed by review of elec-
tronic medical records and by monthly telephone interviews per-
formed by fourth-year emergency medicine (EM) residents.

Table 1. Definition of terms and detailed criteria used in this study

Term Definition

Public location Street, park, beach or public buildings such as shopping center, sports facility, entertainment center, airport, railway station, church or  
   office building. Cardiac arrest occurred in nursing home facility or ambulance was categorized as non-public location in this study.

Witnessed cardiac arrest Cardiac arrest witnessed by another person or monitored by EMTs. 

Bystander CPR Any resuscitative effort accompanied by chest compression. Rescue breathing-only effort was excluded.

Time to CPR Time interval between first recognition of cardiac arrest, witnessed or not, and first attempt of chest compression. 

Total duration of CPR Time interval between first attempt of chest compression and first documented ROSC regardless of its duration.

Initial rhythm The first rhythm documented by EMTs or ED physician. 

Presumed cardiac aetiology Witnessed sudden collapse suggestive of sudden cardiac death or unwitnessed cardiac arrest without any documented evidence of  
   conditions that might be significantly related with the cardiac arrest such as underlying acute infection, trauma, pulmonary embolism,  
   advanced malignancy, exacerbation of underlying disease, major stroke or bed-bound status.

Sustained ROSC Documented evidence of return of spontaneous circulation sustained longer than 20 minutes.

Survival discharge The term “survival discharge” indicates that the patient was discharged to home or long-term care facility, regardless of his or her  
   functional status. 

Good neurologic outcome 6-month cerebral performance category score 1–2.

EMT, emergency medical technician; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; ED, emergency department.
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Table 2. Description of the system for grading the severity of pulmonary 
edema

Pulmonary edema severity grading Description of the consolidation

I (no consolidation) Normal image or redistribution or  
   interstitial pattern change

II (alveolar pattern) Patchy consolidations without 
   involvement of an entire lobe

III (lobar pattern) Any consolidation involving more 
   than one entire lobe 

IV (entire lung) Total white-out of more than one 
   entire lung

Fig. 1. A plain chest X-ray (anteroposterior view) showing the distribution and extent of consolidation in each of the four groups of acute pulmonary 
edema by severity: (A) group I, no consolidation; (B) group II, alveolar pattern; (C) group III, lobar pattern; (D) group IV, entire lung.

A B C D

Study protocol and measurements
Utstein-style elements and demographic variables for the includ-
ed patients were obtained from the registry. Laboratory values 
were obtained from their medical records. Severity of pulmonary 
edema and the degree of underlying cardiomegaly were assessed 
from the initial post-ROSC chest radiograph (anteroposterior [AP] 
view). The severity of pulmonary edema was graded using the 
following procedure: each patient’s initial chest radiograph (AP 
view) was downloaded from the picture archiving and communi-
cation system (PACS) server and merged into a single Microsoft 
PowerPoint file. After de-identification and random shuffling, the 
severity of acute pulmonary edema was graded by an EM physi-
cian blinded to patient outcomes using criteria developed by the 
authors. Those criteria are as follows: group I (no consolidation), 
normal image or redistribution or interstitial pattern change; group 
II (alveolar pattern), patchy consolidations without involvement 
of an entire lobe; group III (lobar pattern), any consolidation in-
volving more than one entire lobe; group IV (entire lung), total 
whiteout of more than one entire lung (Fig. 1, Table 2). The de-
gree of cardiomegaly present (cardiothoracic ratio) was measured 
by another EM physician in a separate session after re-shuffling 
of the images.

Data analysis
Spearman’s rho was used to assess the strength of correlation 
and its level of significance. Multivariate logistic regression using 
backward elimination was used (likelihood ratio, elimination thres
hold P>0.1) to identify independent risk factors for development 
of severe pulmonary edema (group III and IV). Both univariate 
and multivariate logistic regression analyses were performed to 
assess the association between severity of pulmonary edema and 
long-term patient outcomes. The goodness of fit and the area 

under the receiver operator characteristic curve were calculated 
to determine the model fit and discrimination of the final model. 
The results of the logistic regression analysis are presented as odds 
ratios (ORs) and their 95% confidence intervals (CIs). P-values 
<0.05 were considered significant. All analyses were performed 
using STATA ver. 12 (StataCorp LP, College Station, TX, USA).

RESULTS

From 2008 to 2012, 608 adult OHCA patients received advanced 
cardiovascular life support in the ED, with 278 of them achieving 
sustained ROSC. After exclusion of patients with presumed non-
cardiac etiology (n=158) and those with no chest radiographs 
taken within 3 hours of ED arrival (n=13), 107 patients were in-
cluded in the study population (Fig. 2). Baseline characteristics of 
the study population are summarized in Table 3. Among the study 
population, 78 patients (72.9%) were male, and the median age 
was 69 (interquartile range, 55 to 75). A total of 43 patients (40.2%) 
survived, and were discharged to go home or to a nursing care fa-
cility. Overall, 31 patients (29%) had a favorable long-term out-
come (6-month CPC, 1 or 2). 
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608 Adult OHCA 
patients

278 Patients with
sustained ROSC

158 Patients with
non-cardiac etiology

13 Patients with delayed  
chest image (≥3 hr)

107 Patients included for 
analysis

330 Patients without
sustained ROSC

Fig. 2. Flowchart for patient selection. OHCA, out-of-hospital cardiac 
arrest; ROSC, return of spontaneous circulation. 

Table 3. Characteristics of the study population (n=106)

Characteristic No. (%)

Sex (male) 78 (72.9)

Age (yr), median (IQR) 69 (55–75)

Public place 35 (32.7) 

Shockable rhythm 48 (44.9) 

Witnessed cardiac arrest 86 (80.4)

Bystander CPR 47 (43.9) 

Time to CPR (min), median (IQR) 4 (0–10)

Total duration of CPR (min), median (IQR) 23 (15–34)

Therapeutic hypothermia 60 (56.1)

Survival discharge 43 (40.2)

Six-month CPC 1 or 2 31 (29.0) 

IQR, interquartile range; CPR, cardiopulmonary resuscitation; CPC, cerebral per-
formance category.

Table 4. Patient characteristics stratified according to the severity of pulmonary edema

Characteristics  
Group I 

(no consolidation, n=36)
Group II 

(alveolar, n=23)
Group III 

(lobar, n=24)
Group IV (total 

white-out, n=24)

Significance of 
correlation

rho P-value

Sex (male) 28 (77.8) 15 (65.2) 17 (70.8) 18 (75.0) -0.03 0.776 

Age (yr) 58 (51–74) 74 (66–78) 71 (57–75) 65 (57–74) 0.10 0.316 

Public place 18 (50.0) 4 (17.4) 6 (25.0) 7 (29.2) -0.18 0.065 

Shockable initial rhythm 23 (63.9) 8 (34.8) 11 (45.8) 6 (25.0) -0.27 0.005 

Witnessed cardiac arrest 26 (72.2) 18 (78.3) 21 (87.5) 21 (87.5) 0.16 0.091 

Bystander CPR 17 (47.2) 8 (34.8) 10 (41.7) 12 (50.0) 0.01 0.890 

Time to CPR (min) 4 (0–7) 5 (0–12) 4 (1–13) 7 (0–11) 0.11 0.292 

Total duration of CPR 17 (7–28) 21 (15–32) 31 (22–41) 28 (21–36) 0.36 <0.001

Therapeutic hypothermia 23 (63.9) 11 (47.8) 15 (62.5) 11 (45.8) -0.10 0.289 

WBC count (109/L) 12.8 (9.7–14.6) 12.3 (9.2–16.3) 10.6 (9.1–11.7) 12.1 (10.8–14.2) -0.05 0.605 

Haematocrit (%) 42.6 (39.7–45.7) 38 (35.4–42.5) 40.3 (32.7–44.3) 41.3 (35.6–47.1) -0.14 0.139 

Platelet (109/L) 179 (132–223) 165 (121–210) 168 (125–202) 182 (135–240) -0.02 0.857 

AST (IU/L) 56 (40–125) 70 (49–155) 96 (53–192) 53 (36–105) 0.03 0.777 

ALT (IU/L) 48 (27–80) 59 (41–108) 52 (30–98) 32 (22–80) -0.01 0.946 

Total bilirubin (mg/dL) 0.7 (0.5–1.0) 0.7 (0.4–1.0) 0.6 (0.5–1.0) 0.8 (0.6–1.2) 0.05 0.646 

Albumin (g/dL) 4 (3.6–4.3) 3.5 (3.0–4.0) 3.6 (2.6–4.0) 3.7 (3.2–4.2) -0.23 0.021 

PT INR 1.2 (1.1–1.4) 1.3 (1.1–1.8) 1.3 (1.1–1.7) 1.2 (1.1–1.5) 0.09 0.374 

Urea nitrogen (mg/dL) 17 (14–23) 21 (12–37) 21 (16–24) 19 (17–27) 0.16 0.105 

Creatinine (mg/dL) 1.2 (0.9–1.5) 1.2 (1.1–1.8) 1.3 (1.1–1.7) 1.4 (1.1–2.0) 0.20 0.042 

C-reactive protein (mg/dL) 0.3 (0.3–0.3) 0.3 (0.3–3.3) 0.3 (0.3–2.6) 0.3 (0.3–2.3) 0.19 0.058 

CK-MB (ng/mL) 2.0 (0.5–4.6) 2.3 (1.2–6.3) 4.2 (0.7–16.6) 2.4 (1.3–6.0) 0.13 0.191 

Troponin I (ng/mL) 0.05 (0.04–0.17) 0.06 (0.04–0.18) 0.09 (0.04–1.87) 0.07 (0.04–1.29) 0.07 0.498 

pO2 (mmHg) 113.1 (45.2–164.9) 87.4 (53.3–220.0) 58.2 (14.3-82.6) 66.2 (28.4–95.4) -0.24 0.016 

pCO2 (mmHg) 48.5 (33.2–68.9) 55.7 (44.7–79.8) 58.5 (48.5–76.1) 70.4 (60.6–89.8) 0.33 <0.001

Base deficit (mmol/L) 12.4±6.2 13.8±7.7 12.7±6.7 14.1±6.0 0.09 0.373 

Blood lactate (mmol/L) 10 (7.2–14.2) 11.4 (6.0–18.2) 12 (9.7–14.5) 13.9 (10.2–15.8) 0.16 0.148 

Cardiothoracic ratio (%) 56 (50–58) 55 (49–63) 57 (55–59) 58 (49–64) 0.12 0.204 

Values are presented as number (%), median (IQR) or mean±SD.
CPR, cardiopulmonary resuscitation; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time; INR, international nor-
malisation ratio; CK, creatinine kinase.
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Table 5. Univariate logistic regression analysis and backward stepwise lo-
gistic regression model for prediction of the severity of pulmonary edema

Variable Odds ratio (95% CI) P-value

Univariate logistic regressiona)

 Shockable initial rhythm
 Total duration of CPR (/min)
 Albumin (/g/dL)
 Creatinine (/mg/dL)
 pO2 (/mmHg)
 pCO2 (/mmHg)

0.50 (0.23–1.08) 
1.05 (1.02–1.08) 
0.51 (0.28–0.93) 
1.52 (0.99–2.32) 
1.00 (0.99–1.00) 
1.03 (1.01–1.04) 

0.078
0.002
0.027
0.054
0.028
0.006

Backward stepwise logistic regression modelb)

 pCO2 (/mmHg)
 Total duration of CPR (/min)

1.02 (1.00–1.04) 
1.04 (1.01–1.07)

0.038
0.016

CI, confidence interval; CPR, cardiopulmonary resuscitation.
a)Variables significantly correlated with pulmonary edema severity (Table 4). b)101 
patients (94.4%) were included in the model. P-value for goodness of fit (chi-squ
ared) and the area under the receiver operator characteristic curve were 0.430 
and 0.72, respectively. 

Table 6. Association between severity of pulmonary edema and long-term patient outcomes

Group

Survival discharge Good neurologic outcome

No. (%)
Unadjusted Adjusted for TH

No. (%)
Unadjusted Adjusted for TH

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

I 21 (58.3) 1.00 (reference) 1.00 (reference) 17 (47.2) 1.00 (reference) 1.00 (reference)

II 9 (39.1) 0.46 (0.16–1.34) 0.153 0.47 (0.16–1.39) 0.173 7 (30.4) 0.49 (0.16–1.47) 0.204 0.47 (0.15–1.44) 0.185 

III 7 (29.2) 0.29 (0.10–0.89) 0.029 0.29 (0.10–0.89) 0.030 4 (16.7) 0.22 (0.06–0.79) 0.020 0.22 (0.06–0.78) 0.019 

IV 6 (25.0) 0.24 (0.08–0.74) 0.013 0.25 (0.08–0.77) 0.016 3 (12.5) 0.16 (0.04–0.63) 0.009 0.15 (0.04–0.61) 0.008 

P-trend 0.006 0.007 0.002 0.002 

TH, therapeutic hypothermia; OR, odds ratio; CI, confidence interval.

  Patients’ baseline characteristics and initial laboratory variables 
were stratified according to the severity of pulmonary edema 
(Table 4). A shockable initial rhythm, total duration of CPR (sum 
of pre-hospital and ER CPR duration), serum albumin and creati-
nine levels, and initial pO2 and pCO2 levels were all significantly 
correlated with severity of pulmonary edema (Spearman’s rho: 
-0.27, 0.36, -0.23, 0.20, -0.24, and 0.33, respectively; P-values: 
0.005, <0.001, 0.021, 0.042, 0.016, and <0.001, respectively). 
These variables were used to construct a multivariate logistic re-
gression model using backward elimination (likelihood ratio, elim-
ination threshold P>0.1) to identify the independent risk factors 
for developing severe pulmonary edema (group III and IV) (Table 
5). The model showed that total duration of CPR and initial pCO2 
level were both independent risk factors for the development of 
severe pulmonary edema (total duration of CPR: OR, 1.02 per one 
minute; 95% CI, 1.00 to 1.04; pCO2: OR, 1.04 per 1 mmHg; 95% 
CI, 1.01 to 1.07).
  Table 6 displays the association between severity of pulmonary 
edema and long-term patient outcomes. In univariate logistic re-
gression analysis, increased severity of pulmonary edema was sig-

nificantly associated with poor long-term outcomes. The odds ra-
tios of patients surviving to discharge in groups III and IV relative 
to group I were 0.29 (95% CI, 0.10 to 0.89) and 0.24 (95% CI, 0.08 
to 0.74), respectively. The odds ratios of achieving favorable neu-
rologic outcomes in groups III and IV relative to group I were 0.22 
(95% CI, 0.06 to 0.79) and 0.16 (95% CI, 0.04 to 0.63). Similar 
associations were also observed after adjusting for application of 
therapeutic hypothermia.

DISCUSSION

In this study, we found that prolonged chest compressions and a 
high initial pCO2 level are both independent risk factors for devel-
opment of pulmonary edema. We also found that severity of pul-
monary edema significantly correlates with both patient survival 
and long-term neurologic outcomes. 
  The association of prolonged chest compressions with severity 
of pulmonary edema, which was not evident in the previous study 
by Dohi,3 is hardly surprising. If high pulmonary intravascular pres-
sure due to closed chest compressions is the main mechanism for 
development of pulmonary edema as previously suggested,7 then 
prolongation of chest compressions should lead to increased net 
extravasation of intravascular contents. The relative homogeneity 
of the etiology of cardiac arrest, and the larger sample size com-
pared to the study by Dohi,3 could have helped us identify this 
association. However, it is prudent to consider that a reverse caus-
al relationship might exist; that is, patients who develop acute 
pulmonary edema are more resistant to CPR, which might lead to 
delayed ROSC in these patients. On a similar note, the higher pCO2 
level in patients with severe pulmonary edema could just be an 
early sign of developing pulmonary edema that becomes more 
evident in postresuscitation chest images. Another less plausible 
explanation is that effective ventilation during CPR exerts a pro-
tective effect by counteracting fluid leakage from pulmonary cap-
illaries. 
  Most of the variables that we originally assumed would have a 
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significant association with the severity of pulmonary edema 
showed no association. Because of the possibility of increased 
vascular permeability from global ischemic injuries,13-15 we ex-
pected that radiologic changes indicative of pulmonary edema 
would be more severe if surrogate markers of ischemic burden, 
such as initial lactate level or base deficit, were increased. We 
also expected the presence of initial coagulopathy would be as-
sociated with radiologic changes because we thought some por-
tion of such changes would be due to pulmonary hemorrhage 
caused by vigorous chest compressions.16-19 However, none of 
these variables showed an association with the severity of pul-
monary edema. Only serum albumin level, which is the major 
contributor to serum oncotic pressure, was significantly associat-
ed with development of pulmonary edema. Although serum albu-
min level was not included in the final stepwise logistic regres-
sion, we presume that albumin might have a protective effect 
against development of pulmonary edema by decreasing the net 
osmotic pressure gradient across the pulmonary vascular wall. A 
future study analyzing the composition of tracheal secretions 
collected during CPR may provide a more definitive answer to 
this question. The absence of an association between the cardio-
thoracic ratio and severity of pulmonary edema may indicate that 
pulmonary edema in CPR is mostly determined by the chest com-
pressions rather than the size or function of the heart.
  In this study, the severity of acute pulmonary edema was sig-
nificantly correlated with both survival to discharge and the 6-month 
neurologic outcome. These correlations would be due to differ-
ences in baseline characteristics, such as the initial electrocardi-
ography rhythm. However, the development of pulmonary edema 
could have a detrimental effect of its own. In addition to causing 
pulmonary gas exchange abnormalities, thereby decreasing the 
effectiveness of CPR,2,3,20-22 pulmonary edema can increase pul-
monary vascular resistance,23 and thus further impair systemic 
circulation during CPR, which is an extreme low flow state.24 Cou-
pled with poor gas exchange, the low cardiac output during CPR 
would be a “worst case” scenario for both the heart and brain.
  This study has several limitations. First, the results of this study 
are based on a retrospective analysis of an ED OHCA registry and 
medical records. Thus, biases intrinsic to such a study design are 
unavoidable. Second, we used multivariate logistic regression with 
backward elimination to identify independent risk factors for de-
velopment of acute pulmonary edema. This can underestimate 
the importance of certain combinations of variables, and has the 
potential to identify spurious associations.25 Although the two 
variables left in the final model also showed a strong correlation 
with the severity of acute pulmonary edema, as assessed by Spear-
man’s rho and therefore the final model was also predictable, we 

could not exclude such possibilities. Third, the author-developed 
criteria used for grading severity of acute pulmonary edema have 
not previously been tested. However, we presume that the sim-
plicity of the criteria and their close correlation with long-term 
prognoses can support their validity. Fourth, it is possible that a 
significant portion of haziness that was interpreted as “pulmonary 
edema” could have been “pulmonary contusion” from chest com-
pression. Future research on how fast these conditions resolve af-
ter successful resuscitation might shed light on this question.
  In conclusion, prolonged chest compressions and increased 
initial pCO2 level are both independent risk factors for the devel-
opment of acute pulmonary edema in patients with sudden car-
diac arrest. As the severity of pulmonary edema is significantly 
associated with long-term survival and neurologic outcomes, fu-
ture research on how to prevent or reverse its development, espe-
cially in prolonged CPR, may provide a means to improve resusci-
tation outcomes. 
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