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Abstract
Introduction Driving pressure (DP) while on ECMO has been studied in acute respiratory distress syndrome (ARDS) but 
no studies exist in those on ECMO without ARDS. We aimed to study association of mortality with DP in all patients on 
ECMO and compare change in DP before and after initiation of ECMO.
Methods Consecutive patients placed on ECMO either veno-arterial ECMO or veno-venous ECMO between August 2010 
and February 2017 were reviewed. The outcomes were compared based on DP before and after ECMO initiation.
Results A total of 192 patients were included: 68 (35%) had ARDS while 124 (65%) did not. There were 70 individuals 
for whom DP was available, 33 (47%) had a decrease in DP, whereas 32 (46%) had an increase in DP and 5 (7%) had no 
change in DP after ECMO initiation. Those with an increase in DP had a higher initial PEEP (14 vs 9 cm  H2O, p < 0.001) 
and a higher PEEP decrease after ECMO (6.4 cm H2O vs by 2.5 cm H2O, p < 0.001). Those with an increase in DP had a 
significantly longer stay on ECMO than those without (p = 0.022). On multivariable analysis, higher DP 24 h after ECMO 
initiation was associated with an increase in 30-day mortality (OR 1.15, 75% CI 1.07–1.24, p ≤ 0.001).
Conclusion A significant proportion of patients experienced an increase in driving pressure and decrease in compliance after 
initiation of ECMO. Higher driving pressure after initiation of ECMO is associated with increased adjusted 30-day mortality. 
Individualized ventilator strategies are needed to reduce mechanical stress while on ECMO.
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Introduction

The past decade has seen an increased utilization of extra-
corporeal membrane oxygenation (ECMO) as a life sus-
taining strategy for respiratory and/or cardiac failure [1]. 
Veno-venous (VV)-ECMO is used to provide temporary gas 
exchange support in patients with primary respiratory fail-
ure and preserved cardiac function. However, veno-arterial 

(VA)-ECMO is used for temporary circulatory assistance 
in patients with cardiogenic shock or refractory cardiac 
arrest. Despite the increasing use, optimal management of 
mechanical ventilation on ECMO is not well established [2]. 
Research has focused on indications, timing, and outcomes 
in patients requiring ECMO; however, there are no large 
randomized control trials focusing on a preferred mechanical 
ventilatory strategy during ECMO.

ECMO support theoretically allows for a reduction in 
intensity of mechanical ventilation. The resultant decrease 
in lung stress and strain permits lung rest with potentially 
improvement in outcomes. Ultra-low tidal volume ventila-
tion for lung protection is well accepted as best practice dur-
ing ECMO [3]. However, how best to achieve this remains 
unclear. An international survey of all ELSO-registered 
ECMO centers showed a huge variability in the approach 
to mechanical ventilation during ECMO for acute respira-
tory distress syndrome (ARDS) [4]. The majority of these 
centers (77%) reported “lung rest” to be the primary goal 
of mechanical ventilation, whereas 9% reported “lung 

 * Ena Gupta 
 enagupta8@gmail.com

1 Division of Pulmonary and Critical Care, Jane and Leonard 
Korman Respiratory Institute, Jefferson Health and National 
Jewish Health, Thomas Jefferson University, 834 Walnut 
Street, Suite 650, Philadelphia, PA 19107, USA

2 Division of Pulmonary and Critical Care, Albert Einstein 
Medical Center, 5501 Old York Road, Philadelphia 19141, 
USA

3 Division of Cardiothoracic Surgery, Thomas Jefferson 
University, Philadelphia, PA, USA

http://orcid.org/0000-0002-5287-299X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00408-020-00381-y&domain=pdf


786 Lung (2020) 198:785–792

1 3

recruitment” to be their ventilation strategy. Various trials of 
ECMO have also used variable settings in both the treatment 
and control arms. This variability may impact outcomes in 
ECMO-supported patients.

There has been mounting evidence of the direct relation-
ship of mechanical power applied to the lung and worsen-
ing injury [5]. However, a safety limit or the ideal titration 
method is unclear. In ARDS, driving pressure (DP) has 
emerged as a target to adjust tidal volume and PEEP to limit 
cyclic and dynamic strain during mechanical ventilation. 
Several retrospective studies following the initial analysis 
by Amato et al. have found DP as the variable that is most 
associated with mortality in ARDS [6]. Even though there 
are no prospective studies for DP as a target for ventilator 
management, it has consistently been replicated, is physi-
ologically sound and easily measured at the bedside, making 
DP an increasingly accepted target for monitoring during 
mechanical ventilation in ARDS. However, DP while on 
ECMO has not been well studied. One retrospective study 
of ARDS patients by Cheu et al. has shown that DP during 
first 3 days of ECMO initiation was an independent predictor 
of mortality [7].

Also, even though DP is a term defined for ARDS, indi-
viduals requiring VA-ECMO support for cardiac failure are 
also at risk for atelectrauma and barotrauma, and DP may 
play a role in the ventilation in the setting of pulmonary 
edema due to acute cardiac failure. Prolonged mechanical 
ventilation while on ECMO support makes this group highly 
susceptible to ventilator-induced lung injury. There are no 
studies evaluating role of driving pressure in this subset of 
ECMO patients.

We aimed to study driving pressures before and after 
initiation of ECMO to compare groups with increase and 
decrease in driving pressure and their outcomes. We also 
aimed to study association of DP with mortality in patients 
on both VA- and VV-ECMO.

We hypothesized that a shift to ECMO would lead to a 
decrease in driving pressure as it allows for ultra-lung pro-
tective ventilation. In conjunction, higher driving pressure 
while on ECMO would be associated with higher mortality.

Methods

Patients

A retrospective study was performed including all the 
patients placed on either VA- or VV-ECMO between August 
2010 and February 2017 at our tertiary care referral center. 
Patients who were cannulated at an outside facility and 
transferred to our hospital were also included. Those who 
had ECMO duration shorter than 24 h from cannulation were 
excluded in this study. The local Institutional Review Board 

for Human Research approved this study (IRB # 11D185) 
and the need for informed consent was waived due to the 
retrospective nature of the study.

Ventilator

Before consideration of ECMO initiation, all patients were 
sedated and ventilated with lung protective ventilation 
based on the mechanism of their disease process, arterial 
blood gas, and ventilator mechanics. The decision to ini-
tiate ECMO was made by the treating intensive care spe-
cialist [9]. Majority of patients received the Rotaflow pump 
(n = 164, 85%), whereas 5 (2.6%) received Biomedicus 
and 23 (11.9%) received the Cardiohelp pump for ECMO 
cannulation. Initial mechanical ventilator setting protocol 
after ECMO support was as follows: tidal volume 4–5 ml/
kg PBW; PEEP 5–10 cm H2O; peak inspiratory pressure 
25–30 cm  H2O; respiratory rate 10–12 breaths per minute; 
and FiO2 adjusted to maintain arterial oxygen saturation 
above 90%.

Respiratory Data

Plateau pressure was measured by performing an end inspir-
atory hold maneuver on the ventilator. DP was calculated as 
the plateau pressure minus PEEP. Static respiratory system 
compliance was measured by tidal volume divided by DP. 
Murray score was calculated before and after ECMO initia-
tion to stratify severity of acute lung injury [8].

Data Collection

Data were collected retrospectively on baseline character-
istics, comorbidities, ARDS status, severity of illness score 
like APACHE II score among all included ECMO patients. 
Information regarding the ECMO circuit and ventilation 
parameters before and after initiation of ECMO was also 
recorded.

Endpoints

Data collected included duration on ECMO, death on 
ECMO, status at hospital discharge, and status at 30 days 
after termination of ECMO.

Grouping

All individuals who had DP measured both before and after 
initiation of ECMO were identified. Among those individu-
als, change in driving pressure was calculated as DP after 
ECMO minus DP before ECMO. Group A was defined as 
those who had an increase in DP and Group B was defined 
those who had a decrease in DP 24 h after initiation of 
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ECMO. Those with no change in driving pressure were not 
included in this analysis.

Statistics

We described baseline characteristics of all patients on 
ECMO by ARDS status. Categorical variables were reported 
as numbers (percentages) and continuous variables as 
means ± standard deviation. Single-variable comparison was 
performed by student t test for continuous variables and chi-
square or Fisher exact tests for categorical variables. We 
then compared ventilatory parameters 24 before and after 
initiation of ECMO by ARDS status. We performed sin-
gle-variable and multivariable logistic regression analyses 
to evaluate association of driving pressure on ECMO with 
30-day mortality in all patients. Known risk factors for mor-
tality were included in the regression model for adjustment. 
We adjusted for age, sex, VA/VV-ECMO, days in the hospi-
tal before ECMO initiation, steroid use before ECMO, and 
cardiac arrest. Odd’s ratio (OR) was expressed with 95% 
confidence interval (CI) and p value less than 0.05 was con-
sidered to be significant. We also performed comparative 
analyses of characteristics and outcomes between groups A 
and B. Analyses were conducted in Stata 12.1 (Stat Corp, 
College Station, Texas).

Results

A total of 192 patients including 68 (35.4%) with ARDS 
and 124 (64.4%) with no ARDS were reviewed. A majority 
of ARDS patients (n = 53, 77.9%) were on VV-ECMO and 
a majority of non-ARDS patients (n = 115, 92.7%) were on 
VA-ECMO. A schematic distribution of the study population 
is shown in Fig. 1. The indication for ECMO initiation is 
listed in Table 1 for both VA- and VV-ECMO. The patient’s 
characteristics are shown in Table 2 based on the presence 
or absence of ARDS. Patients with ARDS were younger and 
had a higher BMI. No difference seen in APACHE II score 
between those with ARDS and without ARDS.

Before staring ECMO, individuals were ventilated with 
an average PEEP of 10.5 cm H2O and average plateau pres-
sure of 27.4 cm H2O. Both plateau pressure and PEEP were 
higher in those with ARDS than those without ARDS before 
initiation of ECMO as shown in Table 3. Plateau pressure 
and PEEP decreased significantly after initiation of ECMO 
in both ARDS (p < 0.001) and non-ARDS individuals 
(p = 0.001). However, DP showed no change in both ARDS 
and non-ARDS after initiation of ECMO. Murray score 
among those without ARDS was 1.7 ± 0.9 before ECMO 
and 2.1 ± 0.5 after ECMO indicating a mild/moderate lung 
injury. Further comparisons of ventilatory parameters before 

initiation of ECMO and 24 h after ECMO among ARDS and 
non-ARDS patients are shown in Table 3.

192 patients

ARDS 

68 (35.4%)

VV ECMO 

53 (77.9%)

VA ECMO

15 (22.1%)

NO ARDS

124 (64.6%) 

VV ECMO 

9 (7.3%)

VA ECMO

115 (92.7%)

Fig. 1  Schematic distribution of the study population

Table 1  Indications of VA- and VV-ECMO

Data are presented as number (percentage)

Indication VA-ECMO VV-ECMO Total

Accidental hypothermia 2 (2%) 0 (0%) 2 (1%)
Acute Myocardial infarction 33 (25%) 1 (2%) 34 (18%)
Acute MR due to endocarditis 1 (1%) 0 (0%) 1 (0.5%)
Acute rejection 2 (2%) 0 (0%) 2 (1%)
Alveolar proteinosis 1 (1%) 0 (0%) 1 (0.5%)
Alveolar hemorrhage 0 (0%) 1 (2%) 1 (0.5%)
Asthma 0 (0%) 2 (3%) 2 (1%)
Bronchopulmonary fistula 1 (2%) 0 (0%) 1 (0.5%)
Congestive heart failure 18 (14%) 0 (0%) 18 (9%)
Constrictive pericarditis 1 (2%) 0 (0%) 1 (0.5%)
Drug overdose cardiac arrest 1 (2%) 0 (0%) 1 (0.5%)
Interstitial lung disease 0 (0%) 5 (8%) 5 (3%)
Malignant arrhythmia 15 (12%) 0 (0%) 15 (8%)
Myocarditis 7 (5%) 0 (0%) 7 (4%)
Pancreatitis-related sepsis 0 (0%) 3 (5%) 3 (2%)
Post-cardiotomy failure 25 (19%) 3 (5%) 27 (31%)
Pulmonary contusion 0 (0%) 1 (2%) 1 (0.5%)
Pulmonary embolism 3 (2%) 0 (0%) 3 (2%)
Pulmonary hypertension 1 (1%) 0 (0%) 1 (0.5%)
Septic shock 1 (1%) 0 (0%) 1 (0.5%)
Takotsubo cardiomyopathy 3 (2%) 0 (0%) 3 (2%)
Tracheal tear 0 (0%) 1 (2%) 1 (0.5%)
Venous air embolism 1 (1%) 0 (0%) 1 (0.5%)
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Overall outcomes in the entire cohort of ECMO patients 
comparing those with ARDS and those without ARDS are 
shown in Table 4. The overall 30-day mortality of the entire 
study cohort was 47%. The 30-day mortality was higher in 
those without ARDS as compared to those with ARDS (54% 
vs 33%, p = 0.008).

In single-variable analysis, higher DP on ECMO was 
associated with an increase in odds of 30-day mortality 
(OR 1.09, 95% CI 1.03–1.16, p = 0.002) among all ECMO 
patients. This association was significant among those with 
ARDS (OR 1.10, 95% CI 1.00–1.21, p = 0.034) and those 
without ARDS (OR 1.04, 95% CI 1.04–1.24, p = 0.004). 
On multivariable analysis, higher DP on ECMO was 

significantly associated with an increase in mortality after 
adjusting for age, sex, VA/VV-ECMO, days in the hospital 
before ECMO initiation, steroid use before ECMO, cardiac 
arrest (OR 1.15, 75% CI 1.07–1.24, p ≤ 0.001).

Among the 70 individuals for whom DP was avail-
able both before and after ECMO, Group A (those with 
increase in DP) consisted of 32 patients (46%), Group B 
(those with decrease in DP) consisted of 33 patients (47%), 
and the rest 5 (7%) had no change in DP after ECMO 
initiation. Table 5 shows comparisons of the 2 groups of 
the patients. Group A had 19 (59%) patients with ARDS 
and 13 (41%) without ARDS as compared to 13 (39%) 
with ARDS and 20 (61%) without ARDS in Group B. 

Table 2  Baseline characteristics 
comparing patients with and 
without ARDS on ECMO

Data are presented mean ± std. or number (percentage)
CPR cardiopulmonary resuscitation; APACHE II acute physiology and chronic health evaluation II; COPD 
chronic obstructive pulmonary disease

Total (192) No ARDS 124 
(64.6%)

ARDS 68 (35.4%) P value

Veno-venous ECMO 62 (32%) 9 (7%) 53 (78%)  < 0.001
Veno-arterial ECMO 130 (68%) 115 (93%) 15 (22%)  < 0.001
Age, years 48 ± 14 50 ± 14 45 ± 13 0.013
Male sex 126 (66%) 84 (68%) 42 (62%) 0.404
Body mass index (kg/m2) 31 ± 8.5 29 ± 7.6 33 ± 9.7 0.004
Race
 White 105 (55%) 63 (51%) 42 (62%) 0.341
 Black 66 (34%) 46 (37%) 20 (30%)
 Other 21 (11%) 15 (12%) 6 (8.8%)

Transfer from outside hospital 91 (47%) 54 (44%) 37 (54%) 0.150
CPR before ECMO 31 (16%) 29 (23%) 2 (2.9%)  < 0.001
APACHE II 29 ± 7 29.2 ± 8 28.4 ± 6 0.634
Smoking 66 (34%) 42 (34%) 24 (35%) 0.843
Diabetes 50 (26%) 33 (27%) 17 (25%) 0.808
COPD 34 (18%) 19 (15%) 15 (22%) 0.242
Left ventricular failure 114 (61%) 109 (91%) 5 (8%)  < 0.001
Right ventricular failure 107 (58%) 98 (82%) 9 (14%)  < 0.001
Pulmonary hypertension 39 (20%) 33 (27%) 6 (9%) 0.003

Table 3  Comparison of ventilatory parameters in before and 24 h after ECMO by ARDS

Data are presented mean ± std
PEEP positive end expiratory pressure

ARDS 68 (34.4%) No ARDS124 (64.6%)

Before ECMO After ECMO P value Before ECMO After ECMO P value

Plateau pressure (cm  H2O) 32 ± 7 26 ± 7  < 0.001 24 ± 7 21 ± 7 0.005
PEEP (cm  H2O) 15 ± 4 8 ± 2  < 0.001 8 ± 4 6 ± 2  < 0.001
Driving pressure (cm  H2O) 18 ± 8 19 ± 7 0.522 15 ± 6 15 ± 6 0.574
Compliance (ml/cm  H2O) 26 ± 10 23 ± 11 0.225 34 ± 17 29 ± 12 0.011
PaO2/FiO2 ratio 64 ± 20 139 ± 75  < 0.001 171 ± 168 254 ± 163  < 0.001
Murray score 3 ± 0.5 2.8 ± 0.5 0.018 1.7 ± 0.9 2.1 ± 0.5  < 0.001
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In Group A, average initial PEEP was higher than in 
Group B (14 ± 5 cm  H2O in Group A vs. in 9 ± 4 cm  H2O 
Group B, p < 0.001). Group A also had a more significant 
decrease in PEEP (p < 0.001) after ECMO initiation. PEEP 
decreased by 6.4 cm H2O in Group A while by 2.5 cm H2O 

on average in Group B after ECMO initiation. Even though 
both the groups started with a comparable compliance, the 
compliance greatly decreased in Group A as compared to 
Group B (change in compliance: − 7.8 in Group A vs 0.5 
in Group B, p = 0.012).

Table 4  Comparison of 
outcomes among those with 
ARDS and without ARDS

Data are presented mean ± std. or number (percentage)

Outcomes Total 192 No ARDS 124 
(64.6%)

ARDS 68 (35.4%) P value

Days on ECMO (days) 11 ± 6.9 10 ± 7.1 12 ± 6.4 0.053
Stay after ECMO (days) 37 ± 46 45 ± 59 28 ± 20 0.087
Died on ECMO 56 (29%) 41 (33%) 15 (22%) 0.109
30-day mortality 88 (47%) 66 (54%) 22 (33%) 0.008
Disposition
 Home 15 (7.9%) 5 (4.1%) 10 (15%) 0.005
 Long-term acute care facility 17 (9.0%) 12 (9.8%) 5 (7.6%)
 Rehabilitation facility 53 (28%) 29 (23%) 25 (38%)

Table 5  Comparison of patients 
with an increase in driving 
pressure with those with a 
decrease in driving pressure 
24 h after initiation of ECMO

Data are presented mean ± std. or number (percentage)
PEEP positive end expiratory pressure; ECMO extracorporeal membrane oxygenation

Increase in driv-
ing pressure

Decrease in driv-
ing pressure

P value

Group A Group B

Number 32 (49%) 33 (51%)
Male sex 23 (72%) 21 (64%) 0.478
Body mass index (Kg/m2) 33 ± 11 29 ± 9.7 0.099
Acute respiratory distress syndrome 19 (59%) 13 (39%) 0.107
Veno-venous ECMO 20 (62%) 9 (27%) 0.004
Ventilator parameters
 PEEP before cannulation (cm  H2O) 14 ± 5 9 ± 4  < 0.001
 PEEP 24 h after ECMO (cm  H2O) 7 ± 2 7 ± 2 0.262
 Change in PEEP (cm  H2O) − 6.4 ± 5 − 2.5 ± 3  < 0.001
 Compliance prior cannulation (mL/cm  H2O) 29 ± 11 31 ± 19 0.580
 Compliance 24 h after ECMO (mL/cm  H2O) 23 ± 9 32 ± 14 0.002
 Change in compliance (mL/cm  H2O) − 7.8 ± 11 0.5 ± 10 0.012

ECMO circuit
 Sweep gas flow after cannulation (L/min) 5.2 ± 2 4.3 ± 1.9 0.090
 ECMO flow after cannulation (L/min) 4.6 ± 0.8 4.5 ± 0.9 0.863
 Respiratory rate after cannulation 11 ± 2 11 ± 3 0.472
 Temperature after cannulation (degree Fahrenheit) 97.6 ± 2.6 98.1 ± 1.2 0.321

Outcomes
 Days on ECMO (days) 13 ± 8 9 ± 5 0.022
 Length of stay after ECMO (days) 30 ± 19 37 ± 37 0.528
 Died on ECMO 10 (31%) 10 (30%) 0.958
 30-day mortality 13 (42%) 11 (34%) 0.537

Discharge disposition
 Home 2 (6.4) 3 (9.4)
 Long-term acute care facility 2 (6.4) 3 (9.4)
 Rehabilitation facility 13 (42) 11 (34.4)
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Group A had a significantly longer stay on ECMO than 
Group B (13 ± 8 days in Group A vs 9 ± 4.9 days in Group 
B, p = 0.022). This trend was similar among those with 
ARDS (13 ± 7 days in Group A vs 9 ± 4.9 days in Group B, 
p = 0.125) and those without ARDS (14 ± 9 days in Group 
A vs 9 ± 4.9 days in Group B, p = 0.097). Death on ECMO 
and 30-day mortality was not significantly different between 
the two groups (Table 5).

Discussion

In this study, 46% of patients had an increase in driving 
pressure (Group A) after initiation of ECMO. These patients 
were more likely to be on VV-ECMO as compared to VA-
ECMO. They also had a significantly higher drop in PEEP 
as compared to those in Group B (p < 0.001).

All patients on ECMO in our institution were ventilated at 
a tidal volume of 4 cc/kg IBW. The increase in driving pres-
sure after ECMO is likely related to a protocolized applica-
tion of ventilator settings including lower PEEP after initia-
tion of ECMO. This implies that those maintained on high 
PEEP setting before ECMO were also ventilated with PEEP 
between 5 and 10 cm H2O leading to decrease in compliance 
and increase in driving pressure.

Both groups had a similar initial static compliance, but 
Group A had a lower compliance after ECMO. This decrease 
in compliance is likely due to an increase in atelectasis and 
decrease in lung recruitment. Even though ultra-lung pro-
tective ventilation while on ECMO is protective against 
barotrauma, there may be an increased risk of atelectrauma 
due to under-recruitment. Alveolar  O2 tension decreases rap-
idly in an atelectatic lungs [9] leading to alveolar hypoxia, 
a potent inducer of lung inflammation [10]. Atelectasis can 
therefore lead to worsening of ventilator-associated lung 
injury.

These factors apply to patients on VV- or VA-ECMO. 
In our study, those without ARDS were also noted to have 
a decreased compliance and an elevated Murray Score. 
Patients on VA-ECMO have risk factors including cardio-
genic pulmonary edema, postoperative lung damage, and 
thoracic compliance reduction after cardiac surgery mak-
ing them susceptible to worsening lung injury and ARDS. 
Hence, atelectrauma can have deleterious consequences in 
both ARDS and non-ARDS patients.

In this study, those with an increase in driving pressure 
after ECMO had a significantly longer length of ECMO stay 
as compared to those with a decrease in driving pressure. 
Along with the mechanisms of lung injury and atelectrauma 
described above, it is also possible that those with under-
recruitment have slower weaning due to worse oxygenation 
on weaning trials and also worse appearance of radiologi-
cal abnormalities due to atelectasis impacting decision to 

wean by physicians. Although this group had higher initial 
PEEP which could represent higher severity of illness, initial 
compliance was similar in both groups and decreased after 
ECMO in this group with an increase in driving pressure. 
This highlights the importance of individualizing PEEP for 
adequate recruitment especially for those with severe disease 
requiring high initial levels of PEEP.

Some patients especially those on VA-ECMO and right 
heart failure can be adversely affected by high PEEP [11, 
12]. Caution must be experienced in these patients and mer-
its of high PEEP must be balanced with deleterious effects of 
positive pressure on right heart. On the other hand, patients 
with left heart failure on VA-ECMO who have a propensity 
for pulmonary edema may benefit from higher PEEP [13].

This further supports the fact that if ultra-lung protective 
ventilation is applied it should be applied with higher PEEP 
[14]. A recent study showed that near apneic ventilation in 
a pig model of acute lung injury supported by ECMO when 
compared to conventional protective ventilation decreased 
driving pressure by 40% and reduced mechanical power 10 
times [5]. This resulted in less histologic lung injury and 
metalloproteinases activity as compared to conventional pro-
tective ventilation or non-protective ventilation. Therefore, 
reducing intensity of mechanical ventilation by reducing 
mechanical power and driving pressure is essential for pre-
vention of ventilator-induced lung injury [15, 16].

In our study, a higher driving pressure on ECMO was an 
independent predictor of 30-day mortality in both unadjusted 
and adjusted analysis among all patients on ECMO. Driv-
ing pressure has previously been shown to be an independ-
ent predictor of mortality in ARDS patients [7], however, 
has not been evaluated in non-ARDS patients. Pham and 
colleagues also showed, in a cohort of 123 patients with 
influenza A(H1N1)-induced ARDS, that a higher plateau 
pressure on the first day of VV-ECMO for acute respira-
tory failure was significantly associated with ICU death 
(odds ratio = 1.33, 95% confidence interval = 1.14 to 1.59, 
p < 0.01) [17]. Our study further demonstrates that ventila-
tion during ECMO may have an impact on mortality in both 
ARDS and non-ARDS patients.

Overall mortality among all patients with ECMO was 
29%, higher among non-ARDS (33%) than those with ARDS 
(22%). This is because the non-ARDS patients include 
patients on VA-ECMO due to post-cardiotomy failure, 
acute myocardial infarction, and post-cardiac arrest includ-
ing those who received cardiopulmonary resuscitation (23%) 
before ECMO.

We acknowledge the limitations of this study. The retro-
spective nature of analysis lends itself to misclassification 
and bias. Also, we only collected mortality information at 
30 days after ECMO termination and no long-term outcomes 
were assessed, although we consider this short-term mortal-
ity as relevant and more directly related to the variable of 
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interest, i.e., mechanical ventilation on ECMO. Secondly, 
we acknowledge that this is a very heterogenous group of 
patients as this includes all patients on ECMO including 
ARDS and non-ARDS patients. These groups have differ-
ences in their lung mechanics and different pathophysiologi-
cal risks for lung injury. We note ventilatory parameters and 
Murray scores before and after initiation of ECMO but lack 
serial measurements of volume status or wedge pressures 
among those without ARDS. However, we showed that driv-
ing pressure was associated with mortality in both the sub-
groups of ARDS and non-ARDS patients. Third, we did not 
have direct information on the tidal volumes used in these 
patients. Our institution protocol mandated tidal volume of 
4–5 ml/kg IBW for patients on ECMO; however, we are 
unable to evaluate protocol deviations in this cohort. Also, 
initial driving pressure before ECMO initiation is not availa-
ble for all patients. This is due to the high volume of patients 
transferred from outside hospitals for ECMO or cannulated 
at an outside facility for ECMO. These patients did not have 
full ventilator mechanics recorded before ECMO. In spite of 
these shortcomings, this study is unique in evaluating driv-
ing pressures in both VA- and VV-ECMO population and 
one of the first studies to compare at driving pressure before 
and after initiation of ECMO.

Current ELSO guidelines published in 2017 now recom-
mend using PEEP as high as tolerated in the first 24 h of 
ECMO [3]. This is a change from the 2013 guidelines when 
no PEEP recommendations were provided. However, pro-
tocol and practices continue to vary. Also, there are no set 
guidelines on driving pressures on ECMO. This study points 
towards targeting low driving pressure on ECMO in both 
ARDS and non-ARDS patients. More controlled studies are 
needed to establish exact targets while on ECMO. At our 
institution, we have now moved away from a uniform appli-
cation of PEEP in patients on ECMO and focus on titrating 
PEEP based on lung compliance, adequate recruitment, and 
driving pressure.

Conclusion

A significant proportion of the patients had an increase in 
driving pressure and decrease in compliance after initiation 
of ECMO despite ultraprotective ventilation. This may be 
due to inadequate recruitment while on ECMO. Those with 
increase in driving pressure had a longer length of stay on 
ECMO. Elevated driving pressure after ECMO initiation 
was associated with increased adjusted 30-day mortality 
among both VA- and VV-ECMO. Adequate recruitment with 
individualized application of PEEP along with ultraprotec-
tive ventilation may improve outcome while on ECMO.
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