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Abstract
Pulmonary edema and its association with low flow times has been observed in postcardiac arrest patients. However, diagnosis 
of distinct types of lung pathology is difficult.The aim of this study was to investigate pulmonary edema by transpulmonary 
thermodilution (TPTD) after out-of-hospital cardiac arrest (OHCA), and the correlation to downtimes. In this retrospective 
single-center study consecutive patients with return of spontaneous circulation (ROSC) following OHCA, age ≥ 18, and 
applied TPTD were enrolled. According to downtimes, patients were divided into a short and a long no-flow-time group, 
and data of TPTD were analysed. We identified 45 patients (n = 25 short no-flow time; n = 20 long no-flow time) who met 
the inclusion criteria. 24 h after ROSC, the extra vascular lung water index (EVLWI) was found to be lower in the group 
with short no-flow time compared to the group with long no-flow time (10.7 ± 3.5 ml/kg vs. 12.8 ± 3.9 ml/kg; p = 0.08) and 
remained at a similar level 48 h (10.9 ± 4.3 ml/kg vs. 12.9 ± 4.9 ml/kg; p = 0.25) and 72 h (11.1 ± 5.0 ml/kg vs. 13.9 ± 7.7 ml/
kg; p = 0.27) post-ROSC. We found a statistically significant and moderate correlation between no-flow duration and EVLWI 
48 h (r = 0.51; p = 0.002) and 72 h (r = 0.54; p = 0.004) post-ROSC. Pulmonary vascular permeability index (PVPI) was not 
correlated with downtimes. Our observation underlines the presence of cardiac arrest-related lung edema by determination 
of EVLWI. The duration of no-flow times is a relevant factor for increased extravascular lung water index.
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Introduction

Sudden cardiac arrest is a major issue in modern emergency 
and intensive care medicine and one of the leading causes of 
death worldwide [1]. Although programs to improve survival 
rates have been implemented, outcomes remain poor [2]. 
One of the most important factors with a beneficial influence 
on survival is the early recognition of cardiac arrest and call 
for help, followed by early cardiopulmonary resuscitation, 

especially high-quality chest compressions. As long as no 
restoration of spontaneous circulation (ROSC) is obtained, 
chest compressions should be continued [3]. After ROSC is 
established, proper postcardiac arrest care is recommended. 
In addition to postresuscitation myocardial depression, post-
cardiac arrest syndrome (PCAS) is an independent factor for 
mortality [4, 5]. This postreperfusion state is characterized 
by systemic inflammation leading to multiorgan dysfunc-
tion or even failure, which are associated with the survival 
rate [5–7]. However, many studies in this field have focused 
on myocardial and brain injuries and dysfunctions [8–10]. 
We found a paucity of clinical studies regarding pulmonary 
damage and dysfunction in the postcardiac arrest phase.

Pulmonary edema has often been observed in the early 
assessment of postcardiac arrest patients, and it was asso-
ciated with hospital mortalitiy and poor neurological out-
comes [5, 11–15]. However, distinct types of lung pathology 
with similar appearances on chest radiographs and clinical 
presentations make a definite diagnosis difficult. Especially 
in the peri-arrest setting, a multitude of factors can precipi-
tate and contribute to the development of cardiogenic lung 
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edema, contusion, or ARDS [7, 11, 12, 16–18]. Further-
more, elevated administration of packed red blood cells and 
coagulation preparations in cases of circulatory arrest caused 
by hemorrhagic shock can increase the risk of transfusion-
related acute lung injury (TRALI) [19].

Pulmonary edema, whether cardiogenic or noncardiac, 
is characterized by excessive accumulation of extravascular 
lung water (EVLW); an increase in pulmonary vascular per-
meability (PVPI) is a typical finding of ARDS [20]. How-
ever, it is difficult to evaluate it quantitively by radiographic 
findings [14, 15].

As such, the European Society of Intensive Care Medi-
cine (ESICM) recommends the use of cardiac output moni-
toring (e.g., transpulmonary thermodilution) in patients 
with severe shock not responding to initial treatment [21]. 
However, EVLWI and PVPI data from patients after cardiac 
arrest are sparse, and target values have not been described. 
Furthermore, the influence of no-flow and low-flow times in 
the clinical setting has not been investigated thus far.

The aim of this study was to investigate pulmonary edema 
by extravascular water index (EVLWI) and pulmonary vas-
cular permeability index (PVPI) after out-of-hospital cardiac 
arrest (OHCA) and their correlation to no-flow and low-flow 
times.

Patients and methods

In this retrospective longitudinal single-center study, we 
identified patients after OHCA who were treated between 
August 2019 and August 2022 in the intensive care unit 
(ICU) of a tertiary teaching hospital in Germany. Patients 
were enrolled in the study if they fulfilled the inclusion cri-
teria (OHCA, ROSC, ≥ 18 years, TPTD). Patients receiving 
advanced mechanical cardiac support (VA-ECMO) were 
excluded because the determination via thermodilution 
methods during VA-ECMO has not been validated. Patients 
with occlusion of large pulmonary arteries were also 
excluded due to the assumed underestimation of EVLWI 
in this patient group [20]. As patients with active SARS-
CoV-2 infection showed ARDS-like clinical pictures, we did 
not include patients with positive SARS-CoV-2-PCR in this 
observation.

Details of the patients’ inclusion/exclusion are presented 
in Fig. 1. Institutional medical records and charts were 
reviewed to evaluate the in-hospital management in the first 
72 h after admission. Data related to prehospital emergency 
care were obtained from emergency medical service records 
and Utstein reports. The following data were collected for 
further analysis: demographic data (age, sex, and comor-
bidities) and clinical, laboratory, and echocardiography data. 
Patient’s continuous ICU monitoring was complemented 
by invasive hemodynamic monitoring using pulse indicator 

continuous cardiac output system (PICCO, Pulsion Medi-
cal Systems AG, Munich, Germany). The PICCO system 
was routinely calibrated by thermodilution with 20 ml ice 
cold saline (4 °C) every 8 h. A minimum of three consecu-
tive measurements was obtained and a difference of < 10% 
between the results was accepted for data collection. Mean 
value of these consecutive measurements was used for analy-
sis. EVLWI indexation was done according to the predicted 
body weight of the patients.

Ethical approval was waived by the Ethics Committee 
of the regional Medical Association (North-Rhine; Nr. 
20210506) because of the retrospective nature of the study, 
and all the procedures performed were part of routine care.

Measures and outcome

The primary evaluation criterion was the comparison of 
EVLWI and PVPI between a group of post-cardiac arrest 
patients who experienced prolonged no-flow times due to 
delayed chest compressions and a control group with mini-
mal no-flow times as a result of bystander chest compres-
sions that were immediately started after the cardiac arrest 
was witnessed.

The second question was to evaluate whether the dura-
tion until ROSC was obtained correlates with EVLWI and 
whether the pulmonary permeability index (PVPI) varies 
in both groups to determine the pulmonary edema origin.

Statistical analysis

Count and percentage summarize distributions of categorical 
data, and continuous data are reported as mean ± standard 

Fig. 1  The selection of study population and eligibility of patients 
(consort diagram). N number of patients
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deviation (SD). Since we found indications for nonnormality 
(using the Shapiro–Wilk test), we thoroughly applied non-
parametric rank-based methods for comparisons of groups 
(Mann–Whitney U test), and the chi-square test or (in case 
of small sample sizes) Fischer’s exact test was applied for 
categorical variables. Correlations between continuous vari-
ables were evaluated by the Pearson correlation coefficient. 
A p value < 0.05 was considered statistically significant. All 
analyses were performed using  MedCalc® Statistical Soft-
ware version 19.5.3 (MedCalc Software Ltd, Ostend, Bel-
gium; https:// www. medca lc. org; 2020).

Results

Baseline characteristics

During the observation time, 154 OHCA patients were iden-
tified. Patients who expired within the first 24 h after ICU 
admission, received VV/VA-ECMO therapy, or had not 
undergone an invasive hemodynamic measurement were 
excluded, leaving a total of 45 patients available for analysis 
(Fig. 1). The mean age of the cohort was 63.8 ± 11.2 years, 
and 88.9% were male. Acute myocardial infarction was the 
most common cause of cardiac arrest (66.6%), followed by 
primary arrhythmia. Almost 68.9% of patients exhibited 
ventricular fibrillation or pulseless ventricular tachycardia 
as the first recorded rhythm. The remaining patients showed 
an initial non-shockable rhythm (asystole/PEA).

In 20 patients (45%) representing the long no-flow-time 
group, resuscitation attempts were delayed because cardiac 
arrest was not witnessed or bystanders did not apply chest 
compressions. These patients were older than the control 

group (67.0 ± 9.6 vs. 60.6 ± 11.4; p = 0.05). When compar-
ing data from EMS records, the no-flow time (1.9 ± 1.9 min 
vs. 7.0 ± 3.7  min; p < 0.0001) and the time to ROSC 
(22.6 ± 13.8 min vs. 33.1 ± 18.7 min; p = 0.03) were signifi-
cantly longer in the long no-flow-time cohort. Additionally, 
in this group, there were more defibrillations performed (2.4 
[1.1–3.8] vs. 3.5 [2.0–5.0]; p = 0.25), and a higher dosage of 
adrenaline (2.4 mg [1.4–3.4] vs. 4.8 mg [3.3–6.3]; p = 0.005) 
and amiodarone (78.0 [9–148] mg vs. 142.5 [62–223] mg; 
p = 0.21) was administered.There was no significant differ-
ence in baseline parameters between the groups concerning 
age, sex, or comorbidities. The clinical characteristics of 
all patients are summarized in Table 1, and prehospital and 
intrahospital procedural data are presented in Table 2.

Fluid therapy

During the first 24 h in the ICU, patients receiving immedi-
ate CPR received an average fluid volume of 3496 ± 1556 ml. 
Patients in the long no-flow-time group were infused with 
a cumulative volume of 4196 ± 2501 ml within the same 
period (p = 0.64). Furthermore, the amount of fluid was 
not statistically significantly lower in patients with short 
compared with long no-flow times 48 h (5271 ± 1775 ml 
vs.6007 ± 3748 ml, p = 0.82) and 72 h (6730 ± 2855 ml vs. 
7400 ± 4365 ml, p = 0.13) after ROSC.

Respiratory data following OHCA and the effect 
of downtimes

The PaO2/FiO2 ratio to evaluate lung function and oxygena-
tion was markedly reduced in both groups at ICU admission. 
62.2% of all patients had a ratio below 300 mmHg, and 57.7% 

Table 1  Demographic data

Characteristic Study population (n = 45) Short no-flow-time (n = 25) Long no-flow-Time (n = 20) p value

Age (years)
 Mean ± SD 63.8 ± 11.2 60.6 ± 11.4 67.0 ± 9.6 p = 0.05

Sex
 Female—no./total no. (%) 5 (11.1) 2 (8) 3 (15) p = 0.12
 BMI—median [95%CI] 24.8 [24.6–26.8] 24.9 [24.6–27.7] 24.6 [24.4–28.6] p = 0.59

Medical history
 Diabetes mellitus—no./total no. (%) 13 (30.2) 6 (26.1) 7 (35) p = 0.53
 Arterial hypertension—no./total no. (%) 35 (79.5) 21 (87.5) 14 (70) p = 0.15
 Coronary heart disease—no./total no. (%) 20 (45.5) 11 (45,8) 9 (45) p = 0.95
 Chronic kindney disease—no./total no. (%) 8 (18.6) 3 (13) 5 (11.6) p = 0.32
 Hyperlipdemia—no./total no. (%) 21 (47.7) 15 (62.5) 6 (30) p = 0.03
 Smoking history—no./total no. (%) 22 (50) 11 (45.8) 11 (55) p = 0.54
 Peripheral arterial disease—no./total no. (%) 6 (14) 2 (8.7) 4 (20) p = 0.29
 COPD—no./total no. (%) 5 (11.9) 4 (17.4) 1 (5.3) p = 0.23
 Stroke—no./total no. (%) 6 (14) 2 (8.7) 4 (20) p = 0.29

https://www.medcalc.org
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even had a ratio below 200 mmHg. Although a lower PaO2/
FiO2 ratio was observed 24 h, 48 h, and 72 h after ROSC in 
the long no-flow time group, no significant difference between 
the groups was shown (Table 3).

The inflammatory response following OHCA 
and the effect of downtimes

Standard inflammatory biomarkers (CRP, WBC) showed 

Table 2  Preclinical and procedural data

Characteristic Study population (n = 45) Short no-flow-time (n = 25) Long no-flow-time (n = 20) p value

Location of cardiac arrest
 Public—no./total no. (%) 20 (44.4) 14 (56) 6 (30) p = 0.08
 Home—no./total no. (%) 25 (55.6) 11 (44) 14 (70) p = 0.08

Witnessed cardiac arrest—no./total no. (%) 39 (86.7) 25 (100) 14 (70) p = 0.004
 Basic life support provided by bystander—

no./total no. (%)
29 (64.4) 25 (100) 4 (20) p < 0.0001

 Time from collapse to emergency-medical-
services arrival (min)

4.2 ± 3.8 1.9 ± 1.9 7.0 ± 3.7 p < 0.0001

 Time from collapse to return of spontaneous 
circulation (min)

27.2 ± 16.8 22.6 ± 13.8 33.1 ± 18.7 p = 0.03

First recorded rhythm
 Ventricular fibrillation or pulseless ventricu-

lar tachycardia—no./total no. (%)
31 (68.9) 18 (72) 13 (65) p = 0.61

 Asystolia—no./total no. (%) 6 (13.3) 3 (12) 3 (15) p = 0.77
 PEA—no./total no. (%) 8 (17.8) 4 (16) 4 (20) p = 1.0

Number of defibrillation shocks, mean [95% 
CI]

2.9 [1.9–3.9] 2.4 [1.1–3.8] 3.5 [2.0–5.0] p = 0.25

Epinephrine [mg], mean [95% CI] 3.5 [2.6–4.4] 2.4 [1.4–3.4] 4.8 [3.3–6.3] p = 0.005
Amiodarone [mg], mean [95% CI] 106.6 [55–158] 78 [9–148] 142.5 [62–223] p = 0.21
Infusion [ml], mean [95% CI] 465.1 [373.8–556.4] 520.8 [404.7–636.9] 394.7 [242.8–546.7] p = 0.15
Airway management prehospital
 Endotracheal tube no./total no. (%) 37 (82.2) 20 (80) 17 (85) p = 0.66
 Supraglottic tube no./total no. (%) 8 (17.8) 5 (20) 3 (15) p = 0.66

Emergency department admission
ROSC—no./total no. (%) 40 (88.9) 23 (92) 17 (85) p = 0.46

  pH—mean (SD) 7.08 ± 0.2 7.13 ± 0.2 7.03 ± 0.2 p = 0.10
  Lactate [mmol/l]—mean (SD) 7.5 ± 3.7 6.3 ± 3.2 8.9 ± 3.8 p = 0.016

ICU hospitalisation
 Targeted temperature management—no./total 

no. (%)
36 (80) 18 (72) 18 (90) p = 0.13

 Mechanical ventilation-duration [h]—mean 
(SD)

171.3 ± 95.7 188.5 ± 102.7 149.9 ± 84.0 p = 0.27

 Pneumonia—no./total no. (%) 16 (36) 8 (32) 8 (40) P = 0.58
 NSEmax [mmol/l]- mean [95%CI] 57 [43.6–117.7] 39 [24–121] 98 [55.8–270] p = 0.002
 Survival at discharge—no./total no. (%) 20 (45.5) 16 (64) 4 (21.1) p = 0.005

CPC-class—no./total no. (%) p = 0.008
 1 12 (27.3) 11 (44) 1 (5.3)
 2 5 (11.4) 4 (16) 1 (5.3)
 3 4 (9.1) 2 (8) 2 (10.5)
 4 23 (52.3) 8 (32) 15 (78.9)



505Internal and Emergency Medicine (2024) 19:501–509 

1 3

a profound increase during the first 72 h after ROSC in 
both cohorts. No overall differences in CRP and leucocytes 
between the groups in the study period were found (Online 
Resource 1). In addition, pneumonia was diagnosed equally 
in both groups (32% vs. 40%; p = 0.58; Table 2).

EVLWI and PVPI following OHCA and effect 
of downtimes

Twenty-four hours post-ROSC, the ELWI was found to 
be lower in the group with short no-flow times compared 
to the group with long no-flow times (10.7 ± 3.5 ml/kg vs 
12.8 ± 3.9 ml/kg; p = 0.08). This pattern persisted at 48 h 
(10.9 ± 4.3 ml/kg vs 12.9 ± 4.9 ml/kg; p = 0.25) and 72 h 
(11.1 ± 5.0 ml/kg vs 13.9 ± 7.7 ml/kg; p = 0.27) post-ROSC. 
Statistical significance was lacking at all time points (Fig. 2).

At 24, 48 and 72 h after return of spontaneous circula-
tion (ROSC), the PVPI values for the group with prolonged 
no-flow-times were 2.7 ± 0.6, 2.5 ± 0.8, and 3.7 ± 2.1 respec-
tively, and for the control group 2.8 ± 1.5, 3.1 ± 1.5, and 
2.7 ± 0.9 respectively, showing no statistically significant 
difference between the groups.

Analysis for EVLWI and PVPI 24 h post-ROSC are illus-
trated in Table 4. Our detailed results reveal a statistically 
significant and moderate correlation between no-flow dura-
tion and EVLWI 48 h (r = 0.51; p = 0.002) and 72 h (r = 0.54; 
p = 0.004) post-ROSC. Our analysis found a weak but still 
significant association between downtimes and EVLWI in 
the early post-resuscitation phase (r = 0.48; p = 0.001). We 
found no correlation between EVLWI and total time until 
ROSC. Furthermore, PVPI was not correlated with no-flow 
times or time until ROSC.

Discussion

Prior work has documented the influence of resuscitation 
times on radiological, clinical, and laboratory results in 
patients suffering from OHCA [6, 12–16]. However, there 
are no published studies regarding the association between 
no-flow and low-flow times on the extravascular lung water 
index (EVLWI) and pulmonary vascular permeability index 
(PVPI) in these patients. Our data present real-world find-
ings about patients after OHCA matching with data from the 

German resuscitation register concerning no-flow times in 
patients without immediate bystander CPR (7:00 ± 3:42 vs. 
7:04 ± 3:49 min) [22]. Our study revealed that EVLWI was 
substantially higher in the group with prolonged no-flow 
times compared to the group with minimal no-flow times. 
However, we found no substantial correlation between the 
overall duration until ROSC and EVLWI.

EVLWI remained stable during the first 72 h post-car-
diac arrest. Moreover, we found that even after immediate 
bystander CPR, elevated EVLWI levels were measured and 
that prolonged no-flow times were positively correlated with 
higher EVLWI but not PVPI. Based on these findings, our 
research contributes to the current literature by providing 
more detailed insights of cardiac arrest related lung edema.

In a retrospective study analyzing plain chest X-rays of 
one hundred and seven patients resuscitated in an emergency 
department, the duration of CPR was described as an inde-
pendent predictor for developing severe pulmonary edema 
[19]. This observation is in line with recent data investigat-
ing lung density evaluated by CT scans in postcardiac arrest 
patients [13]. This translational study provides a comprehen-
sive depiction of lung abnormalities, comparing mechanical 
chest compressions (mCPR) to manual chest compressions. 
Notably, the mCPR group exhibited more pronounced lung 
abnormalities, including increased lung weight, decreased 
lung aeration, and impaired oxygenation and respiratory 
system compliance.Furthermore, their results indicate that 
patients with shorter low-flow times had lower mean lung 
density compared to those with low-flow times exceed-
ing 26 min. This effect was statistically significant among 
patients who received mCPR. It is important to note that 
neither of the studies differentiated patient groups based on 
no-flow times.

Currently, the influence of different downtimes on 
EVLWI has only been studied in porcine animal models.
Yang et al. showed in their animal model that longer peri-
ods of untreated VF cause more pronounced changes in 
gas exchange, respiratory, and histopathology in the early 
stages after ROSC [23]. They proposed that prolonged 
VF is associated with more severe ischemia–reperfusion 
injury and chest compression injury. Compared with the 
sham group, both intervention groups showed a relevant 
increase in EVLWI. The difference of approximately 
2 ml/kg/m2 between the 5 min and 10 min no-flow groups 

Table 3  Lung function and 
oxygenation index evalauted by 
PAO2/FiO2 ratios: at admission 
(T0), 24 h (T24), 48 h (T48) 
and 72 h (T72) post-ROSC

Characteristic Study population 
(n = 45)

Short no-flow-time 
(n = 25)

Long no-flow-time 
(n = 20)

p value

p/F T0, mean ± SD [mmHG] 211 ± 142 210 ± 158 214 ± 124 p = 0.91
p/F T24, mean ± SD [mmHG] 267 ± 109 283 ± 115 248 ± 102 p = 0.31
p/F T48, mean ± SD [mmHG] 254 ± 97 269 ± 98 237 ± 92 p = 0.28
p/F T72, mean ± SD [mmHG] 223 ± 85 231 ± 96 215 ± 74 p = 0.58
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diminished 4 h post ROSC. Both groups showed stable ele-
vated values for EVLWI compared with the sham group.

Although this animal model gives some insights into 
the trend of EVLWI after cardiac arrest, the result cannot 
be transferred to typical situations in human cohorts.

All animals were in ventricular fibrillation compared with 
only 68.9% in our human cohort. The presence of ongoing 
cardiac ischemia by a culprit lesion in our study and the 
physiological effect of analgosedation and targeted tempera-
ture management could be a reason for the slower increase 

Fig. 2  A EVLWI trend post 
cardiac arrest. B PVIP trend 
post cardiac arrest; at admis-
sion (T < 24 h), 24 h (T24h), 
48 h (T48h) and 72 h (T72h) 
post-ROSC
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in the cardiac index in our cohort. Furthermore, the animal 
study gives no data about the prognostically relevant early 
72 h-period after the restoration of cardiac circulation.

While cardiac output is an established parameter of car-
diac function, EVLWI is often used to reflect the severity 
of pulmonary edema [20, 24, 25]. Although we observed 
an increase in EVLWI in both groups, the values remained 
stable even when cardiac output seemed to normalize. This 
finding indicated that the postcardiac arrest myocardial dys-
function caused by myocardial stunning might recover more 
quickly, as described in recent literature [8, 26]. Moreover, 
pulmonary edema after resuscitation might be associated 
not only with cardiac dysfunction but also with lung inju-
ries. Lung injury and ARDS are increasingly reported, and 
a new definition of cardiopulmonary resuscitation related 
lung edema (CRALE) has been proposed [12, 13, 16, 27].

In our study population, more than 50% of all patients 
had a calculated PaO2/FiO2 ratio resonating with the diag-
nosis of mild to moderate ARDS. A retrospective study by 
Johnson et al. found an incidence of 48% and a mean PaO2/
FiO2 ratio of 155 mmHg in mechanically ventilated OHCA 
patients [6]. Analysing data of in-hospital-cardiac-arrest 
(IHCA) patients, Shi et al. reported an even higher inci-
dence of 72% [12]. The authors concluded that the higher 
incidence in IHCA patients could be due to other acute ill-
nesses (e.g., sepsis) having a higher likelihood of ARDS. 
Both studies looked at results after 48 h or 72 h but did 
not reveal invasive hemodynamic data such as EVLWI or 
PVPI to evaluate for possible cofounders such as hypostatic 
cardiac edema.

However, it is difficult to evaluate hypostatic cardiac 
edema quantitively by radiographic findings [14, 15]. As 
found in previous studies, there is not a good correlation 
between CT scans and EVLWI measured with the thermodi-
lution technique [28, 29].

Actual recommendations suggest that EVLWI above 
10 ml/kg is a reasonable criterion for pulmonary edema. 

EVLWI above 12–15 ml/kg has been shown to have a high 
degree of severe morbidity and mortality in different criti-
cal care illnesses (e.g., sepsis, pancreatitis, ARDS). Further-
more, a PVPI greater than 3.0 suggests increased vascular 
permeability, as in ARDS, and a PVPI less than 2.0 repre-
sents normal vascular permeability, as present in cardiogenic 
pulmonary edema.

While we observed a significant positive correlation of 
EVLWI to no-flow times in our study, PVPI did not correlate 
with the duration of no-flow time. In a porcine model, histo-
pathological changes of lung injury, such as neutrophils and 
erythrocytes in the alveolar space and alveolar walls, exudate 
and fibrin-like fillers in the alveolar space, and formation of 
hyaline membranes, were noted [11]. Although these inflam-
matory responses after OHCA have often been described, 
no routinely obtained inflammatory biomarkers have been 
shown to differentiate between high and low inflammation 
at this stage [30, 31]. This is in line with the results of our 
study of white blood cell count and CRP plasma levels after 
ROSC.

Recent studies have reported that inflammatory cytokines 
in out-of-hospital cardiac arrest show a time-dependent 
profile in the early post-resuscitation period [30–33]. Fur-
thermore, an animal study investigating rats found that the 
histopathological score and TNF-α immunoreactivity were 
significantly increased in the lung after cardiac arrest. These 
results indicate that inflammation triggered by ischemia–rep-
erfusion damage after cardiac arrest leads to pulmonary 
injury/dysfunction and may contribute to a low survival rate 
[34]. Due to the retrospective design of our investigation, no 
TNF-alpha plasma levels could be included in our analysis.

The findings of this study hold significant clinical rele-
vance and have implications for daily practice in the manage-
ment of postcardiac arrest patients. Firstly, they confirm the 
presence of cardiac arrest-related lung edema by demonstrat-
ing elevated EVLWI levels. This supports the importance of 
monitoring and managing pulmonary edema in postcardiac 
arrest patients. The use of TPTD provides a valuable tool 
for assessing and quantifying the severity of lung edema. 
Moreover, the study highlights the relevance of the duration 
of no-flow times in relation to increased extravascular lung 
water index. This suggests that shorter no-flow times may 
contribute to less severe pulmonary edema in postcardiac 
arrest patients. These findings emphasize the significance 
of early initiation and prompt delivery of cardiopulmonary 
resuscitation (CPR) to minimize the duration of no-flow 
time and potentially mitigate lung edema. Our data support 
the assumption that the exact mechanism of cardiac arrest-
related lung edema still has to be identified and that poten-
tial cofounders exist (e.g., ischemia/reperfusion, aspiration, 
hyperoxia-induced lung injury, chest compression-induced 
lung contusion, and atelectasis). These results have the 
potential to guide clinical decision-making and optimize the 

Table 4  Correlation of EVLWI and PVPI to no-flow-times (NoFlow) 
and low-flow-times (ROSCTIME)

EVLWI PVPI

Correlation 
coefficient r

p value Correlation 
coefficient r

p value

 < 24 h NoFlow 0.373 0.045 − 0.039 0.83
ROSCTIME 0.227 0.24 0.324 0.09

24 h NoFlow 0.488 0.001 0.158 0.31
ROSCTIME 0.166 0.29 0.097 0.53

48 h NoFlow 0.511 0.002 0.027 0.87
ROSCTIME 0.168 0.34 0.064 0.72

72 h NoFlow 0.542 0.004 0.190 0.35
ROSCTIME 0.178 0.38 − 0.074 0.71
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management of postcardiac arrest patients in daily practice. 
Particularly, regarding fluid management and respiratory 
settings in this vulnerable phase. Despite the complexity of 
postcardiac arrest syndrome and its implications for cardiac 
hemodynamics, there are no guideline recommendations of 
target goals for advanced hemodynamic values like EVLWI 
or PVPI during patient management, and which additional 
monitoring tools (e.g., CT-Scan, echocardiography) should 
be used in the post-resuscitation period [35, 36].

Limitations

Our study has several limitations, most of which are related 
to the retrospective monocentric design and the small sample 
size. Overestimation of EVLWI by positive-end expiratory 
pressure ventilation and lung resection or underestimation 
by positive end-expiratory pressure, pulmonary vascular 
occlusion, heterogeneous lung injury and pleural effusion 
or hemothorax could not be completely excluded. Moreover, 
data about ventilation parameters such as driving pressures 
or tidal volume, which may influence the development of 
ventilator-associated lung injury in this cohort, are missing.

Conclusion

Our observation underlines the presence of cardiac arrest 
related lung edema by determination of EVLWI and the 
heterogeneous origin of this pathology. The duration of 
no-flow times by delayed beginning of chest compressions 
is a relevant factor of high extravascular lung water index 
and consecutive lung injury. Further prospective studies are 
needed to verify these observations and to evaluate whether 
protective ventilation strategies or a targeted fluid manage-
ment may have a beneficial effect on outcome.
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