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Abstract
Introduction: There is limited data on the impact of extracorporeal membrane oxygenation (ECMO) on pulmonary 
physiology and imaging in adult patients. The current study sought to evaluate the serial changes in oxygenation and 
pulmonary opacities after ECMO initiation. Methods: Records of patients started on veno-venous, or veno-arterial 
ECMO were reviewed (n=33; mean (SD): age 50(16) years; Male: Female 20:13). Clinical and laboratory variables 
before and after ECMO, including daily PaO2 to FiO2 ratio (PFR), were recorded. Daily chest radiographs (CXR) were 
prospectively appraised in a blinded fashion and scored for the extent and severity of opacities using an objective 
scoring system. Results: ECMO was associated with impaired oxygenation as reflected by the drop in median PFR 
from 101 (interquartile range, IQR: 63-151) at the initiation of ECMO to a post-ECMO trough of 74 (IQR: 56-98) on 
post-ECMO day 5. However, the difference was not statistically significant. The appraisal of daily CXR revealed pro-
gressively worsening opacities, as reflected by a significant increase in the opacity score (Wilk’s Lambda statistic 7.59, 
p=0.001). During the post-ECMO period, a >10% increase in the opacity score was recorded in 93.9% of patients. 
There was a negative association between PFR and opacity scores, with an average one-unit decrease in the PFR 
corresponding to a +0.010 increase in the opacity score (95% confidence interval: 0.002 to 0.019, p-value=0.0162). 
The median opacity score on each day after ECMO initiation remained significantly higher than the pre-ECMO score. 
The most significant increase in the opacity score (9, IQR: -8 to 16) was noted on radiographs between pre-ECMO 
and forty-eight hours post-ECMO. The severity of deteriorating oxygenation or pulmonary opacities was not associ-
ated with hospital survival. Conclusions: The use of ECMO is associated with an increase in bilateral opacities and a 
deterioration in oxygenation that starts early and peaks around 48 hours after ECMO initiation. 
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 �Introduction
The use of extracorporeal membrane oxygenation 
(ECMO) as a strategy to support adult patients with re-
fractory hypoxemia or hypercapnia as well as for hemo-
dynamic support, continues to increase [1]. Given the 
temporary nature of the ECMO support for pulmonary 
indications, it is considered a ‘bridge to destination’ 
therapy. ECMO may aid in the decision-making pro-
cess, though ultimately, patients were bridged to either 
recovery or lung transplantation (LT) surgery.  

Despite significant advancements in the pump and 
circuitry equipment used for ECMO, which allowed 
patients to be supported for more extended periods, 
it is not a benign intervention, and the clinical course 

among patients on ECMO can be precarious with the 
potential for complications to follow [2]. Several re-
search studies, mostly conducted in paediatric popula-
tions, have demonstrated that the initiation of ECMO, 
almost immediately activates an inflammatory cascade, 
similar to the systemic inflammatory response syn-
drome (SIRS) [3-10]. This cascade leads to the release 
of several pro-inflammatory cytokines that causes or-
gan dysfunction. 

Despite pre-clinical studies demonstrating the pro-
inflammatory effects of ECMO initiation, there re-
mains a lack of data regarding the frequency of these 
complications and their impact on outcomes among 
adult patients on ECMO. 
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Specifically, data are lacking regarding the pulmo-
nary effects of ECMO related SIRS, which can be hard 
to differentiate from the background lung disease ne-
cessitating ECMO support. 

The current study aimed to evaluate the progressive 
changes in oxygenation and pulmonary opacities after 
the initiation of ECMO, correlate these changes with 
non-pulmonary organ functions and evaluate its asso-
ciation with hospitalisation durations.  

 �Methods
The Institutional Review Board of the University of 
Texas Southwestern Medical Centre in Dallas, Texas, 
USA,   provided approval for the study with the waiv-
er that written patient consent be obtained before the 
commencement of the study (IRB# STU 072015-001). 

The institutional ECMO database of the centre was 
searched. Patients with advanced lung disease who 
needed VV or VA ECMO during three years between 
1st January 2013 and 31st December 2015 were eligi-
ble for inclusion (n=37). Among these, patients who 
did not survive at least 96 hours after ECMO initiation 
were excluded (n=4). 

Extracorporeal life support 

All patients were on veno-venous (VV) or veno-ar-
terial (VA) ECMO for respiratory failure (n=33). The 
mean (SD) age was 50 (16) years (range 14-69 years; 
M: F 20:13). 

The goals for the ECMO support for each patient in 
the study group were classified into “bridge to recovery 
“(n=9) and “bridge to transplantation” (n=24). 

Details of patients’ demographics, clinical and labo-
ratory variables before and after initiation of ECMO, 
daily PaO2/FiO2 (P/F) ratios, chest radiographs, and 
development of organ dysfunction such as renal, he-
patic, cardiac/hemodynamic, neurological and hema-
tologic during the ECMO support were obtained from 
the records. The diagnosis of organ dysfunction was 
based upon the standard guidelines and was made by 
analysing the clinical and laboratory findings noted in 
the patient records [11].

The records showed that all patients included in the 
study had the following: 

They had undergone a baseline echocardiogram to 
assess cardiac function before ECMO initiation and 
subsequently as clinically indicated. Patients on VA-
ECMO had an arterial line placed on the contralateral 
radial artery, from the side of the arterial limb of the 

VA-ECMO cannula, for continuous measurement of 
blood pressure and blood gas analysis. They had been 
maintained on unfractionated heparin drip at rates ti-
trated to activated clotting times (ACT) between 140-
180 seconds for VV-ECMO and 180-220 seconds for 
VA-ECMO. They had been intubated and supported on 
mechanical ventilation at the time of ECMO initiation 
and had been transitioned to lung-protective ventila-
tor strategies after the initiation of ECMO. Lung pro-
tective strategy included using low tidal volumes (6-8 
ml/Kg IBW) while maintaining plateau pressures <30 
cm H2O. The level of PEEP had been titrated to enable 
FiO2 wean while ensuring the plateau pressures re-
mained below 30 cm H2O. The duration of ECMO sup-
port, along with hospital survival for all patients, was 
recorded from the patient records. 

Scoring was done on chest radiographs (CXR) tak-
en before the ECMO initiation and the daily morning 
CXR, taken during seven days when patients were on 
ECMO during the study period.  The chest radiographs 
were appraised and scored objectively for the study.  All 
X-rays were evaluated and scored by two thoracic radi-
ologists, each with more than five years of experience. 
Both radiologists were blinded to the clinical data. 

The radiographs were scored for the extent and se-
verity of opacities using an objective scoring system 
that was based on the quality of the radiographs as well 
as the location, severity, and characteristics of the opac-
ities (Table 1). 

The ‘opacity score’ scoring system ranged from 0-25 
for each lung. The opacity characteristics were scored 
as an incremental change in comparison to the base-
line, pre-ECMO radiographs, which was assigned a 
score of zero for the opacity characteristics given the 
variable extent of the interstitial and alveolar opacities 
due to the background lung disease.

For the serial assessment, the addition or subtraction 
to the earlier score was made based on the extent and 
characteristics of opacities on the subsequent CXR, as 
described in Table 1.

Each radiologist scored the images independently, 
and any differences were reconciled. 

Statistical Analysis

Interclass correlation (ICC) was used to assess for 
agreement in the opacity score. A linear mixed model 
was used to test the association between the PaO2/FiO2 
ratio and opacity scores while adjusting for patient and 
time random effects. The change in opacity score with 
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a 1-unit change in PF ratio was also estimated, with a 
95% confidence interval. 

Changes in the median opacity scores from the pre-
ECMO radiographs, to those up to seven days after 
ECMO, along with the concurrent PF ratio, were an-
alysed to study the trends after ECMO initiation. Pa-
tients were divided into two groups based on a ‘signifi-
cant’ increase in their peak opacity score after ECMO 
initiation.  Group 1 was comprised of patients with an 
incremental change in the opacity score, from baseline, 
in the highest quartile or top 25 percentile; Group 2 was 
comprised of patients with the opacity score change in 
the lower three quartiles or <75 percentile.  Pre and 
post-ECMO parameters and outcomes variables were 
compared among the two groups using chi-square 
analysis and Mann Whitney U test as appropriate. 

The level of statistical significance was set at α=0.05.

 �Results

Study Cohort 

The majority of the patients were on ECMO as a bridge 
to transplant surgery (72.7%).

Interstitial lung disease was the most common un-
derlying disease (20/33, 60.6%), necessitating ECMO 
support. 

The majority of patients were on VV-ECMO support 
(n=28, 84.8%) via Avalon in the right internal jugular 
vein (n=21). 

Five patients were on VA-ECMO due to concomi-
tant right heart failure. These patients had evidence of 
a severely dilated right ventricle with reduced function 

as evidenced by the visual estimate and reduction in 
tricuspid annular plane systolic excursion <16 mm. 
Femoral-femoral cannulation was the most frequent 
strategy for the institution of VA-ECMO (n=3). 

Oxygenation and Opacity score

ECMO was associated with worsened oxygenation as 
reflected by a drop in median PF ratio from 101 (inter-
quartile range, IQR: 63-151) at the initiation of ECMO 
to a post-ECMO trough of 74 on day 5 (IQR: 56-98) 
although the difference was statistically not-significant. 

The review of chest radiographs revealed progres-
sively worsening opacities, as reflected by a statistically 
significant increase in the opacity score (Wilk’s Lamb-
da statistic 7.59, p=0.001). 

Most patients (93.9%) had at least a 10% increase in 
their opacity score at some point during their post-EC-
MO course. There was a negative association between 
the PF ratio and opacity score with a one-unit decrease 
in the PF ratio associated with a 0.010 increase in opac-
ity score (95% CI: 0.002-0.019; p=0.0162) after adjust-
ment. 

Serial measurements of daily PF ratio before and af-
ter ECMO initiation are presented in Figure 1, while 
Figure 2 shows a representative patient with findings 
from serial chest radiographs. 

On post hoc analysis, the median opacity score on 
each day after ECMO initiation remained significantly 
higher than the pre-ECMO scores. The opacity score 
peaked around 48 hours after ECMO initiation, be-
yond which it appeared to plateau while remaining 
consistently higher than the pre-ECMO score. 

Table 1. Scoring system for chest radiographs for the extent and severity of opacities 
Assigned Score
0 1 2 3 4

Quality Nondiagnostic Suboptimal Diagnostic
Localization (Each lung di-
vided into upper, middle and 
lower zones)

None One zone Two zones Three zones

Severity (Each lung field 
divided into four quadrants)

None One quadrant Two quadrants Three quadrants Four  
quadrants

Opacity characteristics No change 
from baseline

Hazy homoge-
neous opacities 
without obscu-
ration of lung 
markings with 
or without air 
bronchograms

Confluent alveolar 
and/or interstitial 
opacities with 
obscuration of 
lung markings 
with or without air 
bronchograms

Increasing at-
tenuation with 
obscuration of 
the mediastinal, 
hemidiaphragms, 
costophrenic 
sulcus margins

Complete 
Whiteout



The Journal of Critical Care Medicine 2021;7(1) • 9Available online at: www.jccm.ro

Also, the change in the median opacity score was the 
highest among radiographs taken between pre-ECMO 
and 48 hours post-ECMO (9, IQR: -8 to 16, Figure 1). 

The characteristics and outcomes among patients 
with a significant change in the opacity score (>16, n=9) 
and those without (≤16, n=24) are presented in Table 2. 

Table 2. Baseline characteristics and outcomes among patients with and without the significant worsening in opacity 
score

Variable
Significant worsening in opacity score

P-value†
Yes (n=9) No (n=24)

Age 56 (50-69) 53.5 (14-66) 0.11
Male sex 55.6% 62.5% 0.72
Caucasian 44.4% 62.5% 0.26
Underlying diagnosis necessitating ECMO
 Interstitial lung disease
 ARDS
 Others

77.8%
11.1%
11.1%

54.2%
16.7%
29.1%

0.64

Pre-ECMO PF ratio (mm Hg) 99 (84-336) 88 (64-164) 0.31
Co-morbid pulmonary hypertension 33.3% 16.7% 0.36
Pre-ECMO transfusion 11.1% 25% 0.35
Pre-ECMO pressors 33.3% 54.2% 0.35
Pre-ECMO use of inhaled nitric oxide 88.9% 62.5% 0.18
Pre-ECMO positive blood cultures None None
VV-ECMO 88.9% 83.3% 0.69
Intended Bridge to LT 77.8% 70.8% 0.69
Post-ECMO transfusion 88.9% 79.2% 0.52
Post-ECMO pressors 66.7% 87.5% 0.17
Post-ECMO use of inhaled nitric oxide 66.7% 54.2% 0.6
Post-ECMO fluid balance day 1-3 (L) +1.0 (-1.8 to +8.1) +1.4 (-6.5 to +8.6) 0.59
Able to get out of bed on ECMO 22.2% 37.5% 0.28
Able to ambulate on ECMO None 20.8% 0.1
Successful bridge to LT 57.1% (n=7) 58.8% (n=17) 0.94
Successful bridge to recovery None (n=2) 57.1% (n=7) 0.4
Duration of ECMO 5 (3-17) 10 (4-47) 0.047
Hospital Survival 55.5% 58.3% 1.0

†Chi-sq uare (categorical) and Mann Whitney U test (continuous) as appropriate.

Figure 1. Median opacity score and PF ratio for the study group before and after ECMO initiation.
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Overall, the two groups appeared to be similar con-
cerning their pre-ECMO characteristics as well as post-
ECMO course, although patients with a significant in-
crease in opacity score had significantly lower median 
stay on ECMO. Additionally, the incidence of non-pul-
monary organ dysfunction on ECMO was also similar 
for the two groups (Table 3). 

The trends in the median opacity scores for the two 
groups revealed a statistically significant increase in the 
median opacity score starting on post-ECMO Day 1, which  
continued to remain significant after that (Figure 3). 

Fig. 2. 50/M patient with ARDS who was placed on ECMO for refractory hypoxemia. A: Chest radiograph before ECMO 
initiation. Right lung: Quality-2; Localization-3; Severity- 4; Lesion characteristics-0. Baseline score-9. Left lung: Qual-
ity-2; Localization-3; Severity-4; Lesion characteristics-0. Baseline score-9. B: Chest radiograph 48 hours after ECMO 
initiation. Right lung: Quality-2; Localization-3; Severity-4; Lesion characteristics- 2 (one point for each lower quadrant). 
Total score-11. Left lung: Quality-2; Localization-3; Severity-4; Lesion characteristics-3 (one point for each lower quad-
rant and one for the lateral upper quadrant). Total score-16.  C: Chest radiograph 6 days after ECMO initiation. Right 
lung: Quality-2; Localization-3; Severity-4; Lesion characteristics-4 for each quadrant. Total score-25. Left lung: Qual-
ity-2; Localization-3; Severity-4; Lesion characteristics-4 for each quadrant. Total score - 25. 

Table 3. Development of new organ dysfunction among 
patients with and without the significant worsening in 
opacity score

Variable

Significant  
worsening in 
opacity score Chi-square 

P-valueYes 
(n=9)

No 
(n=24)

Acute renal failure 22.2% 33.3% 0.69
Shock 55.6 70.8 0.41
Liver dysfunction 11.1 29.2 0.28
Hematologic dysfunction 77.8 79.2 0.93

Fig. 3. Trends in the median opacity scores for the two groups. The difference between the two groups became statisti-
cally significant on Post-ECMO day 1 onwards. (Mann Whitney U test **p<0.001; *p<0.01)
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The overall hospital survival was similar for the two 
groups. 

 �Discussion
The current study was conducted to assess the changes 
in functional pulmonary characteristics and radiologic 
changes after the initiation of ECMO support. 

Routinely captured variables, namely, chest radio-
graphs and the PF ratio were used to investigate these 
characteristics. The key benefit of using these two vari-
ables was their easy availability and consistent use in 
the routine daily care and clinical decision making 
among these patients. These characteristics should al-
low the results from the current analysis to be readily 
generalisable to other clinical settings. 

A primary consideration during the study planning 
was the inherent challenge in evaluating the impact of 
ECMO on the functional and radiologic characteristics 
of lungs that are significantly abnormal in the first in-
stance. Irrespective of whether the goals of ECMO was 
as a bridge to LT or bridge to recovery, patients needing 
ECMO support had profound background pulmonary 
impairment. To circumvent these issues, each patient 
was used as their own ‘control’ and utilised pre-ECMO 
characteristics as the baseline for comparisons. 

While the PF ratio is widely used as a marker of 
functional assessment, no validated measure for objec-
tive assessment of chest opacities was available. It was 
necessary to quantify the extent and severity of new 
opacities that may have developed in the background 
of pre-existing lung disease necessitating ECMO sup-
port. 

To this end, a dedicated scoring system to quantify 
the extent and severity of opacities on serial radio-
graphs, was tested. Since this was a novel scoring sys-
tem, two different thoracic radiologists independently 
scored the radiographs. Apart from the instrument 
having an excellent inter-observer agreement, a high-
ly significant inverse association with the functional 
measure (PF ratio) supports the construct validity of 
the tool. 

Based on the knowledge from earlier studies [3-10], 
mostly among paediatric populations, demonstrating 
an almost immediate increase in the pro-inflammatory 
cytokines with the initiation of ECMO, some degree of 
worsening of pulmonary status was anticipated.

A statistically significant increase in the opacity score 
for the entire study group confirmed that radiological 

worsening does indeed occur with ECMO initiation. 
In contrast, the functional assessment, as reflected by 
the oxygenation trends, was not statistically significant 
(Figure 1). It is noteworthy that the initiation of ECMO 
would be expected to improve the PF ratio given that 
a significant proportion of cardiac output is oxygen-
ated by the circuit leading to higher PaO2, which in 
turn should permit a reduction in the FiO2. While this 
seemed to occur transiently in the immediate post-
ECMO period (Figure 1), it was not sustained, and the 
PF ratio began to decline from post-ECMO Day 1.  In 
this context, a lack of improvement in the PF ratio may 
indicate a functional worsening after starting ECMO. 
Besides, other variables such as haemoglobin, cardiac 
output, size of the cannula, ECMO flows, recirculation 
with VV-ECMO, and fibrin or thrombus build-up in 
the oxygenator may impact systemic oxygenation and 
confound the association between PF ratio and pulmo-
nary status. 

While the current analysis substantiates the link be-
tween ECMO initiation and the worsening of opacities, 
it is unable to elucidate the putative mechanisms be-
hind the association. The lack of difference in the need 
or quantity of transfusions before or after ECMO ini-
tiation between the two groups argues against transfu-
sion-associated acute lung injury as the aetiology. Simi-
larly, the median fluid balance was also similar among 
the two groups, which excludes volume overload as the 
culprit. While an inflammatory aetiology akin to acute 
lung injury as part of the ECMO associated SIRS [3-13] 
was considered, the lack of association with any of the 
other non-pulmonary organ dysfunction (Table 3) ar-
gues against this possibility. This is especially pertinent 
as the development of non-pulmonary organ dysfunc-
tion appeared to be correlated amongst each other. For 
example, patients with acute renal failure (ARF, 30.3% 
of the study group), had significantly higher risk of 
hematologic dysfunction (100% of patients with ARF 
vs 69.5% among those without ARF, p=0.049), hepatic 
dysfunction (60% vs 8.7%, p=0.002) and shock (90% vs 
56.5%, p=0.06). Regardless, the lack of association of 
worsening pulmonary opacities with other organ dys-
functions does not completely exclude an inflamma-
tory aetiology as the timing and severity of the impact 
of cytokines on the pulmonary parenchyma may differ 
among organs. Physiologically, lungs are disadvantaged 
by way of being exposed to the full complement of the 
cardiac output as against the other organs, whereby 
their exposure to cytokines may be much higher. Ad-
ditionally, lungs are the first organ to be exposed to 
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the blood returning from the circuit, especially among 
patients on VV-ECMO, where these cytokines may 
initiate an inflammatory reaction. The almost ubiqui-
tous (>93% of the study group) worsening of pulmo-
nary opacities after ECMO initiation may indicate the 
same. In contrast, the SIRS response may be attenu-
ated among other organs as they receive a fraction of 
the cardiac output, which has already passed through 
the pulmonary capillary bed. Furthermore, the immu-
noregulatory pathways in the pulmonary capillaries 
may attenuate the ongoing cytokine storm and reduce 
the risk of non-pulmonary organ dysfunction [14-17]. 

The comparative analysis among patients with and 
without a significant worsening of opacities did not 
reveal any difference in their presenting characteris-
tics or outcomes. While the comparative analysis may 
have been underpowered given the small sample size, 
patients with significant worsening of opacities tended 
to have a higher proportion of interstitial lung disease 
(ILD) patients. It is indeed plausible that patients with 
background fibrotic lung diseases may be vulnerable to 
acute lung injury related to ECMO initiation. Patients 
with significantly worse opacities seemed to spend less 
time on the ECMO, although the eventual hospital sur-
vival was not different. The duration of ECMO support 
may be impacted by its goal as patients being bridged 
to LT often need to be supported for a shorter period 
as recovery usually takes longer. The goal for ECMO 
in the current study group was LT among the majority, 
which confounds the association of worsening pulmo-
nary opacities with survival. Regardless of their pul-
monary status, the high lung allocation score (usually 
the top one percentile of the waitlisted patients) among 
waitlisted ECMO patients ensures that they get priori-
tised for lung offers. It appears that ECMO associated 
pulmonary dysfunction may be more consequential 
among patients with a goal of recovery rather than 
those awaiting LT.

The current analysis has some limitations. The ret-
rospective study design that does not allow causality 
assessment with an inability to account for unmeas-
ured confounding variables. The pulmonary opacity 
score used to assess the serial radiologic changes has 
not been studied before, although we used two blinded 
readers to ensure the objectivity and reproducibility of 
the instrument. Also, the concurrent PF ratio assess-
ments supported the construct validity of the instru-
ment. While the sample size in the current analysis 
provided adequate information regarding serial chang-

es in the daily assessments, comparative analysis of the 
two groups formed based on significant worsening of 
pulmonary opacities, seemed underpowered. More 
extensive studies are needed to elucidate predictors of 
worsening of pulmonary status and its impact among 
patients bridged to recovery. Finally, the current analy-
sis is unable to evaluate the impact of management 
strategies for worsening oxygenation and pulmonary 
opacities and how they could have impacted the out-
comes.

 �Conclusions
ECMO may be associated with a worsening of pulmo-
nary status that starts early and tends to peak around 
48 hours after initiation. The progression of opaci-
ties on radiographs seems to precede worsening in 
oxygenation that is typically seen beyond the 24 hours 
after ECMO initiation. Both the oxygenation and ra-
diographic opacities tend to stabilise by the third post-
ECMO day. Future research is needed to understand 
better the mechanistic pathways behind the worsening 
of pulmonary opacities, identify clinical, laboratory, 
and radiological variables that predict its development 
and evaluate its association with outcomes.
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