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Abstract

Objective—Extracorporeal membrane oxygenation (ECMO) is increasingly used in the 

management of severe acute respiratory distress syndrome (ARDS). With ECMO, select patients 

with ARDS can be managed without mechanical ventilation, sedation, or neuromuscular blockade. 

Published experience with this approach, specifically with attention to a patient’s respiratory drive 

following cannulation, is limited.

Designs—We describe our experience with three consecutive patients with severe ARDS 

supported with right jugular-femoral configuration of veno-venous (VV)-ECMO without 

therapeutic anticoagulation as an alternative to lung-protective mechanical ventilation (LP-MV). 

Outcomes are reported including daily respiratory rate (RR), vital capacities (VC), and follow-up 

pulmonary function testing.

Results—Following cannulation, patients were extubated with 24 hours. With ECMO support, 

all patients were able to maintain a normal RR and experienced steady improvements in VC. 

Patients received oral nutrition and ambulated daily. At follow-up, no patients required 

supplemental oxygen.

Conclusions—Our results suggest that VV-ECMO can provide a safe and effective alternative to 

LP-MV in carefully selected patients. This approach facilitates participation in physical therapy 

and avoids complications associated with mechanical ventilation.
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Introduction

Lung-protective mechanical ventilation (LP-MV) with low tidal volumes remains the 

mainstay management strategy for patients with acute respiratory distress syndrome (ARDS) 

(1). Veno-venous extracorporeal membrane oxygenation (VV-ECMO) is a life-sustaining 

adjunctive modality in ARDS patients with critical hypoxemia or respiratory acidosis despite 

standard therapies (2). Patients undergoing ECMO traditionally receive sedatives and/or 

neuromuscular blockade to facilitate continued LP-MV (3). This precludes mobilization, 

promoting muscular deconditioning, and potentially contributing to the long-term cognitive 

sequelae of critical illness (4).

Discontinuation of mechanical ventilation may be tolerated in some patients receiving VV-

ECMO for ARDS, but the role of this strategy remains uncertain (5). In patients with end-

stage lung disease who are being bridged to lung transplantation using VV-ECMO, there is 

evidence to suggest that spontaneous breathing can facilitate early ambulation and improve 

transplant outcomes (6). As reduced levels of sedation and increased mobilization may 

improve long and short-term outcomes in patients with ARDS, a strategy that combines 

discontinuation of mechanical ventilation, sedation, and paralysis with early ambulation 

might also prove beneficial in cases where VV-ECMO is used as a bridge to recovery. 

However, some investigators have suggested that increased respiratory drive following 

withdrawal of sedation might worsen lung injury (5, 7, 8).

It is known that arterial pH and PaO2 primarily determine respiratory drive. Additionally, 

respiratory muscle weakness resulting from neuromuscular blockade and sedation, delirium 

or anxiety, and the presence of an endotracheal tube or tracheostomy tube, can all trigger 

irregular breathing patterns. We hypothesized that if hypoxemia, hypercapnia, and acidosis 

could be corrected by VV-ECMO, it would suppress spontaneous respirations and reduce 

irregular breathing patterns. Furthermore, early and complete separation of the patient from 

the mechanical ventilation prior to the onset of neurocognitive weakness would allow 

normal spontaneous breathing patterns. Accordingly, our multidisciplinary respiratory 

ECMO team extubated carefully selected patients with ARDS on VV-ECMO as an 

alternative to LP-MV. Here we report our experience with the first 3 patients managed with 

this approach.

Materials and Methods

At our institution, patients are considered for ECMO if they fail to achieve satisfactory gas 

exchange (PaO2>55, Oxygen saturations >88, pH>7.2, with plateau pressures less than 35) 

despite LP-MV, and recruitment maneuvers with neuromuscular blockade. The decision to 

cannulate is made by a multidisciplinary ECMO team. For patients placed on VV-ECMO 

(Oxygenator: Quadrox iD adult (7.0), MAQUET Holding B.V. & Co. KG, Germany, Circuit: 
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Rotaflow, MAQUET Holding B.V. & Co. KG, Germany), early extubation is considered if 

patients are mechanically ventilated for less than 48 hours and have decreasing or no 

vasopressor requirements. Patients are continued on mechanical ventilation if there is a 

concern for their ability to protect their airway following extubation or if they had a high 

secretion burden requiring aggressive bronchial hygiene. In the latter scenario, early 

tracheostomy is considered within 48 hours of ECMO initiation. While we use a variety of 

cannulation strategies, all patients in this series were managed with a right internal jugular-

femoral vein VV-ECMO configuration. We perform bronchoscopy in all patients prior to 

extubation and collect bronchoalveolar lavage fluid to help determine the etiology of lung 

injury (Table 1). Patients are enrolled in a prospective ECMO database approved by the 

institutional review board (#STU00201798) after obtaining informed consent.

Following extubation, patients in this cohort received either room air or supplemental 

oxygen administered using nasal cannula to maintain an oxygen saturation ≥ 88%. Patients 

ambulated daily accompanied by a multidisciplinary team comprised of a physical therapist, 

skilled nurse, and perfusionist. During ambulation, the ECMO support was maximized 

including delivered oxygen through the circuit as well as the blood flows. However, the 

sweep gas was kept the same. All patients received a normal oral diet following a bedside 

swallowing assessment. Spirometry was measured daily by a respiratory therapist using a 

Wright Mark 20 Respirometer (Ferraris Medical). The patients also received intermitted 

hyperinflation therapy (MetaNeb System, Hill-Rom, Chicago, IL) to facilitate secretion 

clearance. To reduce bleeding complications, patients received only deep vein thrombo-

prophylaxis using unfractionated heparin, consistent with our recent reports demonstrating 

the feasibility of using VV-ECMO without anticoagulation with flow of at least 3.5L/min. 

(9, 10). Following hospital discharge, full pulmonary function testing was obtained at their 

first outpatient clinic appointment with thoracic surgery.

Results

Patient characteristics and outcome parameters are shown in Table 1. During this time, two 

other patients were considered for respiratory ECMO but were not eligible for early 

separation from mechanical ventilation. Following extubation on VV-ECMO, the patients 

demonstrated a physiologic respiratory pattern with an expected increase in respiratory rate 

during ambulation (Figure 1). All patients demonstrated a progressive improvement in 

inspiratory capacity, which correlated with an improvement in bilateral opacities seen on 

chest radiograph. Importantly, during the first 3 days following extubation, the vital capacity 

corrected by predicted body weight (PBW) remained less than the 6 cc/kg PBW ARDSnet 

recommendation for tidal volume during the first three days (Figure 1). Hence, potentially 

injurious excessive tidal volumes were avoided. No patient developed hospital-acquired 

pneumonia during ECMO support. All patients were discharged from the ICU without the 

need for reintubation. At the time of their first follow-up clinic visit within 6 weeks of 

hospital discharge, pulmonary function was preserved except for one isolated decrease in 

DLco (Table 1) and no patient required supplemental oxygen. During VV-ECMO support, 

none of these patients experienced thrombotic events including oxygenator change or 

demonstrated venous thrombosis at the cannulation site.
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Discussion

Our observations suggest that carefully selected patients with ARDS can be safely supported 

only with VV-ECMO, thus avoiding complications associated with mechanical ventilation 

including ventilator-induced lung injury. Reduced levels of sedation associated with this 

strategy facilitated participation in respiratory and physical therapy. Avoiding 

anticoagulation reduced the risk of bleeding and the need for laboratory monitoring of 

anticoagulation. Interestingly, each patient was hypotensive requiring vasopressors while 

intubated, but their hemodynamic parameters normalized quickly following discontinuation 

of mechanical ventilation. This improvement may have resulted from a reduction in 

intrathoracic pressure or the restoration of sympathetic tone with the removal of positive 

pressure ventilation and sedation, respectively. This reduction of vasopressor requirements 

could be from normalization of pH resulting from correction of global oxygen debt and 

amelioration of hypercarbia with support of VV-ECMO.

Our results are consistent with a report from investigators at Hannover Medical Center in 

Germany who used VV-ECMO in lieu of mechanical ventilation in six patients (11). In their 

cohort of carefully selected patients, three successfully weaned from VV-ECMO without the 

need for any mechanical ventilation. The patients who failed this strategy appear to have 

received longer duration of mechanical ventilation potentially predisposing them to 

neuromuscular decline. Together, these findings contribute to increasing equipoise with 

respect to the need for continued mechanical ventilation in patients with ARDS receiving 

VV-ECMO support. While the pathobiology of neuromuscular and cognitive impairment in 

ARDS survivors is incompletely understood, a strong evidence base supports the short- and 

long-term benefits of early physical therapy and avoidance of deep sedation for critically ill 

patients (12). Early liberation from mechanical ventilation for patients on VV-ECMO 

facilitates rapid incorporation of these principles into the care of patients who might 

otherwise receive prolonged sedation and neuromuscular blockade. As controversy persists 

regarding the risks and benefits of spontaneous breathing on ECMO, robust clinical trials to 

help inform these decisions are urgently needed (13). Additionally, we suggest that clinical 

trials comparing conventional ARDS management with early extubation on VV-ECMO 

should include protocols to determine whether low-tidal volume ventilation can be achieved 

during spontaneous breathing by optimizing gas exchange using the ECMO circuit.

Our patients had a favorable Respiratory Extracorporeal Membrane Oxygenation Survival 

Prediction (RESP) suggesting a higher likelihood of survival with ECMO (14). Factors such 

as duration of mechanical ventilation, use of nitric oxide, bicarbonate infusion adversely 

impact the RESP score and reduce the likelihood of survival upon initiation of ECMO for 

the same severity of ARDS. Hence, we postulate that by instituting ECMO early before 

additional complications associated with poor survival developed, we were able achieve 

favorable outcomes. It is certainly possible that the favorable risk profile of our cohort 

achieved by earlier intervention of ECMO, once recruitment maneuvers failed, may in part 

explain why our experience differs from a published report where only a small subset of 

patients with ARDS successfully tolerated spontaneous breathing (15). Additionally, we 

used this strategy on patients with low secretion burden and without therapeutic levels of 

anticoagulation which avoided causes of failure observed in prior series. However, this 
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report only demonstrates an association between our management approach and favorable 

patient outcomes. A randomized clinical trial will be required to determine the true clinical 

benefit of early extubation for patients with ARDS on VV-ECMO. Finally, we did not utilize 

esophageal pressure monitoring to approximate transpulmonary pressure in our patients. 

While the clinical utility of this technique is uncertain in extubated patients, it may provide 

important insight into respiratory effort and changes in transpulmonary pressure during 

spontaneous breathing in the imminent future (16, 17).

In conclusion, our results suggest that VV-ECMO can provide a safe and effective 

alternative to LP-MV in carefully selected patients. This approach may facilitate 

participation in physical therapy and avoids complications associated with mechanical 

ventilation. However, larger studies are necessary to validate our observations in this report.
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Figure 1. Respiratory pattern of study patients
The graph on the left demonstrates the daily respiratory rate of the patients (mean ± standard 

deviation). The star (*) indicates the day each patient was separated from VV-ECMO. The 

graph on the right illustrates the daily vital capacity of each patient divided by the predicted 

body weight.

Kurihara et al. Page 7

Crit Care Med. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kurihara et al. Page 8

Ta
b

le
 1

Pa
tie

nt
 d

em
og

ra
ph

ic
s

E
ti

ol
og

y 
of

 A
R

D
S

P
aO

2/
F

iO
2 

pr
e 

E
C

M
O

E
C

M
O

 d
ur

at
io

n
V

en
ti

la
ti

on
 a

ft
er

 E
C

M
O

A
nt

ic
oa

gu
la

ti
on

P
re

di
ct

ed
 

F
eV

1%
 &

 
D

L
C

O
%

 
af

te
r 

di
sc

ha
rg

e

P
at

ie
nt

s
A

ge
G

en
de

r
R

E
SP

 s
co

re
(d

ay
s)

(h
ou

rs
)

O
ut

co
m

e

1
29

M
V

ir
al

 P
nu

em
on

ia
97

6
7

16
N

on
e

86
 &

 8
4

A
liv

e

2
55

F
D

if
fu

se
 A

lv
eo

la
r 

H
em

or
rh

ag
e

37
−

2
6

15
N

on
e

80
 &

 3
1

A
liv

e

3
49

M
V

ir
al

 P
nu

em
on

ia
59

3
5

8
N

on
e

72
 &

 7
5

A
liv

e

A
R

D
S:

 A
cu

te
 r

es
pi

ra
to

ry
 d

is
ea

se
 s

yn
dr

om
e,

 E
C

M
O

: e
xt

ra
co

rp
or

ea
l m

em
br

an
e 

ox
yg

en
at

io
n,

R
E

SP
 s

co
re

: R
es

pi
ra

to
ry

 E
C

M
O

 s
ur

vi
va

l p
ro

te
ct

io
n 

sc
or

e 
(w

w
w

.r
es

ps
co

re
.c

om
)

Crit Care Med. Author manuscript; available in PMC 2019 November 01.


	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References
	Figure 1
	Table 1

