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Background: Extracorporeal membrane oxygenation (ECMO) strategy is proposed to reduce the ventilator-induced lung injury in acute
respiratory distress syndrome (ARDS). As ECMO use has increased, a number of studies on prognostic factors have been published.
Age is estimated to be an important prognostic factor. However, clinical evidences about ECMO use in elderly patients are limited.
Therefore, we investigated clinical courses and outcomes of ECMO in elderly patients with ARDS.
Methods: We reviewed medical records of patients with severe ARDS who required ECMO support. Study patients were classified into
an elderly group (≥ 65 years) and a non-elderly group (< 65 years). Baseline characteristics, ECMO related outcomes and associated
factors were retrospectively analyzed according to group.
Results: From February 2011 to June 2013, a total of 31 patients with severe ARDS were treated with ECMO. Overall, 14 (45.2%) were
weaned from ECMO, 9 (29.0%) survived to the general ward and 7 (22.6%) survived to discharge. Among the 18 elderly group patients,
7 (38.9%) were weaned from ECMO, 4 (22.2%) were survived to the general ward and 2 (11.1%) were survived to discharge. Overall
intensive care unit survival was inversely correlated with concomitant acute kidney injury or septic shock.
Conclusions: In this study, ECMO outcome was poor in severe ARDS patients aged over 65 years. Therefore, the routine use of ECMO
in elderly patients with severe ARDS is not warranted except in highly selective cases.
Key Words: aged; extracorporeal membrane oxygenation; respiratory distress syndrome, adult.

Introduction

severe ARDS.[1,2] However, most studies that supported efficacy of ECMO are the cohort studies of patients with H1N1 virus

Extracoporeal membrane oxygenation (ECMO) provides res-

infection.[2-4] These results however are not enough to ensure

piratory support to patients with severe acute respiratory distress

the efficacy of ECMO in a general ARDS population. Nonetheless,

syndrome (ARDS). Recent studies showed that transfer to an

the use of ECMO has sharply increased,[5] and this temporary

ECMO-capable hospital led to better outcomes in patients with

life support system is expected to further rise of use. Increased
use of ECMO has resulted in the findings of prognostic indicators
for patients undergoing ECMO, promoting further studies to
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identify useful prognostic indicators. Among reported prognostic
markers, age is regarded important predictive variable, and a retrospective study reported a negative correlation between age and
the efficacy of ECMO.[6] However, the mean age of subjects was
the middle age (40s) in the above- mentioned study, making it difficult to apply its results to the group of elderly aged 65 or over.
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The incidence of ARDS increases with age, showing a sharp in-
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crease in elderly aged 65 or over,[7] and the role of ECMO in eld-
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erly patients with severe ARDS is quite worth exploring. This

Anti-coagulant strategy

study was aimed to identify clinical characteristics and prog-

Heparin was given with the goal of achieving an aPTT greater

nostic indicators in severe ARDS patients aged 65 years or older

than 1.5 times control. Nafamostat (Futhan) was used as a sub-

who underwent ECMO in a tertiary-care hospital.

stitute for heparin based on the platelet count, coagulation test
results and the presence of hemorrhagic complications.

Materials and Methods
3) Methods
1) Subjects

The patients were divided into two groups: an elderly group

We conducted a retrospective analysis of clinical data from

(age ≥ 65) and a non-elderly group (age < 65), and baseline clin-

patients who presented with severe ARDS from February 2011

ical characteristics, variables associated with MV and outcome

to June 2013 and underwent ECMO because their PaO2/FiO2 ra-

were investigated.

tio remained less than 100 despite maximum setting of mechanical ventilation (MV). ARDS were defined according to the

Baseline clinical characteristics

Berlin definition,[8] and the cases of pretransplant ECMO were

Patient characteristics were evaluated before and after ECMO

excluded from the analysis.

using age, sex, height, weight, Acute Physiology and Chronic
Health Evaluation (APACHE) II, Sequential Organ Failure

2) A protocol for extracoporeal membrane oxygenation
placement

Assessment (SOFA) scores, Murray score, the primary cause of
ARDS and the presence or absence of acute kidney injury and
sepsis. Acute kidney injury can be described as urine output of

Extracoporeal membrane oxygenation equipment

less than 0.5 ml/kg/h for 12 hours.

To perform venovenous ECMO, poly (4-methyl-2-pentyne)
membrane materials and a centrifugal pump (QUADROX PLS

Baseline variables related to mechanical ventilation

OXYGENATOR & ROTAFLOW pump, Maquet, Germany)

Variables related to pre-ECMO ventilation included duration

were used along with the 17-24Fr. cannulae inserted via the

of MV, initial ventilator setting, arterial blood gas interpretation

femoral and jugular veins. For extracorporeal CO2 removal, the

and the application of adjunctive therapies of ARDS.

pumpless arteriovenous ECMO (iLA; Novalung, Talheim,
Germany) was applied using Seldinger technique for the femo-

Outcome variables

ral arterial and venous cannulation. Ultrasound was used to de-

Outcome variables were evaluated using hospital and in-

tect any blood vessel abnormality and assess the arterial and ve-

tensive care unit (ICU) length of stay, rate of successful wean-

nous diameters before cannulation.

ing, ICU and hospital mortality rates and the presence or absence of ECMO-related complications. The incidence of com-

Mechanical ventilation strategy during extracorporeal mem-

plications of ECMO was evaluated based on bleeding, thrombo-

brane oxygenation

sis, hemolysis and the frequency of hospital-acquired infection.

Once ECMO was established, the ventilator was adjusted
based on the arterial blood gas analysis (ABG) to keep an in-

4) Data analysis

spiratory plateau pressure below 28 cmH2O, initial tidal vol-

Collected data were analyzed using SPSS version 21.0 (SPSS

umes at 6 ml/kg predicted body weight, positive end-expiratory

Inc., Chicago, IL, USA). Statistics tests used in this study in-

pressure (PEEP) between 8 and 10 cmH2O, respiratory rate be-

cluded descriptive statistics and chi-square test. Cox propor-

tween 12 and 20 breaths/min, and FiO2 below 60%.

tional hazard model was also used to determine the relative risk
of ICU mortality.

Sedation strategy
Analgesia-based regimen was used in combination with seda-

Results

tive drugs to reach a Ramsay score of 3, and further sedative
drugs including neuromuscular blocker were given for deeper
sedation.

A total of 31 ARDS patients underwent ECMO from
February 2011 to June 2013. Of those, 14 (45.2%) were weaned
off ECMO, 9 (29.0%) were sucessfully discharged from ICU

268 The Korean Journal of Critical Care Medicine: Vol. 29, No. 4, November 2014

and 7 (22.6%) were successfully discharged from hospital. The

± 96.6 ml and plateau pressure of 28.8 ± 4.8 cmH2O. However,

ICU and hospital mean lengths of stay were 22.7 ± 14.8 days

no statistically significant differences in baseline ABG analysis,

and 35.1 ± 31.4 days, respectively.

MV settings and the frequency of applied adjunctive therapies
between the two groups (Table 2).

1) Age-related differences in baseline characteristics
The mean APACHE II and SOFA scores of total patients were

3) Age-related differences in outcomes

19.3 ± 5.5 and 11.2 ± 4.9, respectively, and the mean Murray

There were no statically significant differences in successful

score was 3.0 ± 0.4. The mean duration of MV was 4.2 ± 5.6

weaning rate, ICU and hospital survival rates between the two

days before ECMO, and the mean duration of ECMO was 11.8 ±

groups (Table 1). Multivariate analysis revealed that ICU sur-

8.6 days. Of 31 patients, 13 (41.9%) had septic shock and 19

vival rate were affected by baseline septic shock or acute kidney

(61.3%) presented with acute kidney injury. Among the patients

injury, showing a significantly lower ICU survival rate among

with acute kidney injury, 14 (73.7%) required renal replacement

patients with septic shock or acute kidney injury at baseline (Table

therapy. Age-related differences in baseline clinical character-

3). By group, 5 of 7 patients who were successfully weaned off

istics are presented in Table 1. The mean height was smaller, and

ECMO were successfully discharged to home in the non-elderly

the mean APACHE II score was lower in the elderly group than

group, whereas only 2 of 7 successfully weaned patients were

those in the non-elderly group. However, there were no sig-

discharged to home in the elderly group. In the elderly group,

nificant differences between the two groups with respect to oth-

the cause of death after weaning ECMO included ventilator-

er clinical features.

associated pneumonia in 3 patients, acute exacerbation of interstitial pneumonia in one patient and barotrauma in one patient.

2) Age-related differences in baseline ventilation settings
In total patients, baseline ventilation settings showed PaO2/FiO2

In the non-elderly group patient, multiorgan dysfunction syndrome was the single cause of death in 2 patients.

of 76.3 ± 21.9, PEEP of 11.1 ± 3.6 cmH2O, tidal volume of 370.6

Table 1. Baseline demographic feature and outcome of the study population
Age, yr
Male gender (%)
Height, cm
Body weight, kg
APACHE II
SOFA
Murray score
Causes of ARDS, n (%)
Sepsis
Pulmonary source
Other sources
Massive hemoptysis
Trauma
Near-drowning
Interstitial lung disease
Septic shock
Acute Kidney Injury
Prior MV days
Total ECMO days
ICU stay, d
Hospital stay, d
Weaning success, n (%)
ICU survival, n (%)
Hospital survival, n (%)

Total (n = 31)
62.1 ± 15.1
21 (67.7)
163.7 ± 10.1
62.4 ± 12.3
19.3 ± 5.5
11.2 ± 4.9
3.0 ± 0.4

Elderly group (n = 18)
73.1 ± 5.2
11 (61.1)
159.2 ± 9.6
59.6 ± 10.4
17.3 ± 3.5
9.9 ± 5.0
3.1 ± 0.4

Non-elderly (n = 13)
46.9 ± 9.9
10 (76.9)
170.0 ± 7.1
66.5 ± 13.9
22.1 ± 6.7
12.8 ± 4.3
2.9 ± 0.4

p value
< 0.001
0.353
0.006
0.113
0.030
0.102
0.202

22 (71.0)
2 (6.5)
1 (3.2)
2 (6.5)
1 (3.2)
1 (3.2)
13 (41.9)
19 (61.3)
4.2 ± 5.6
11.8 ± 8.6
22.4 ± 14.8
35.1 ± 31.4
14 (45.2)
9 (29.0)
7 (22.6)

14 (77.8)
0 (0.0)
3 (16.7)
0 (0.0)
0 (0.0)
1 (5.6)
7 (38.9)
10 (55.6)
5.1 ± 6.4
14.6 ± 10.0
26.1 ± 16.7
35.1 ± 26.9
7 (38.9)
4 (22.2)
2 (11.1)

8 (61.5)
2 (15.4)
0 (0.0)
2 (15.4)
1 (3.2)
0 (0.0)
6 (46.2)
9 (69.2)
3.1 ± 4.1
7.9 ± 3.9
17.2 ± 10.2
35.0 ± 37.9
7 (53.8)
5 (38.5)
5 (38.5)

0.326
0.085
0.121
0.085
0.232
0.388
0.686
0.440
0.338
0.016
0.103
0.992
0.409
0.326
0.072

All values are presented as mean ± SD. APACHE: acute physiology and chronic health evaluation; SOFA: sequential organ failure assessment; ARDS:
acute respiratory distress syndrome; MV: mechanical ventilation; ECMO: extracoporeal membrane oxygenation; ICU: intensive care unit.
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Table 2. Baseline parameter and variables before application of ECMO by age group for ARDS
Total (n = 31)

Elderly (n = 18)

Non-elderly (n = 13)

p value

Blood gas profile
pH
PaCO2, mmHg
HCO3-, mM
PaO2, mmHg
PaO2/FiO2
SaO2, %

7.27 ± 0.16
50.3 ± 19.9
22.0 ± 5.5
66.8 ± 16.2
76.3 ± 21.9
86.4 ± 10.5

7.29 ± 0.18
48.4 ± 21.1
22.0 ± 5.2
63.3 ± 13.7
74.0 ± 19.7
86.2 ± 8.4

7.24 ± 0.11
53.0 ± 18.5
22.1 ± 6.1
71.7 ± 18.6
79.3 ± 25.0
86.6 ± 13.2

0.346
0.535
0.984
0.159
0.516
0.914

Mechanical ventilator parameter
Tidal volume (mL)
Plateau pressure (cmH2O)
PEEP (cmH2O)
FiO2
Respiration rate (bpm)

370.6 ± 96.6
28.8 ± 4.8
11.1 ± 3.6
0.90 ± 0.15
24.42 ± 6.45

364.3 ± 95.4
28.7 ± 5.5
11.3 ± 3.5
0.88 ± 0.16
22.9 ± 5.6

379.3 ± 101.4
28.8 ± 3.8
10.8 ± 3.8
0.93 ± 0.14
27.2 ± 6.6

0.676
0.945
0.745
0.401
0.062

22 (71.0)
7 (22.6)
21 (67.7)
2 (6.5)
14 (45.2)

12 (66.7)
5 (27.8)
12 (66.7)
1 (5.6)
8 (44.4)

10 (76.9)
2 (15.4)
9 (69.2)
1 (7.7)
6 (46.2)

0.535
0.415
0.880
0.811
0.925

Pre-ECMO Rescue therapy, n (%)
Vasopressor
Inhaled nitric oxide
Neuromuscular blockade
Prone position
Renal replacement therapy

-

ECMO: extracoporeal membrane oxygenation; ARDS: acute respiratory distress syndrome; PaCO2: pressure of arterial carbon dioxide; HCO3 :
bicarbonate; PaO2: pressure of arterial oxygen; FiO2: fraction of inspired oxygen; SaO2: arterial oxygen saturation; PEEP: positive end-expiratory
pressure.

Table 3. Factors associated with intensive care unit mortality

Elderly group

Unadjusted hazard ratio
OR (95% CI)
0.780 (0.315-1.933)

Septic shock
Acute kidney injury

1.624 (0.684-3.851)
2.713 (1.043-7.061)

Baseline parameters

p value
0.592
0.271
0.041

Adjusted hazard ratio
OR (95% CI)
1.015 (0.390-2.643)

p value
0.975

3.245 (1.122-9.390)
4.679 (1.483-14.766)

0.030
0.008

Acute kidney injury was defined by the following: urine output < 0.5 ml/kg/hour for 12 hours. OR: odds ratio; CI: confidence interval.

4) Age-related differences in extracorporeal membrane
oxygenation complications

elderly group, and pneumonia led to repeated aggravation even

Bleeding was the most common complication of ECMO be-

ECMO was widely used as a therapeutic strategy for severe

cause it occurred in 20 (64.5%) of total patients, whereas cathe-

ARDS during the 2009 HINI pandemic. Since then, the use of

ter thrombosis occurred in 3 patients (6.5%). Hospital-acquired

ECMO has sharply increased in the international clinical

after successful ECMO weaning.

infection occurred in 7 (22.6%) of 31 patients, and all of them

context.[5] Increased ECMO experiences led to the improve-

are in the older age group. Of those, 4 (16.1%) suffered from

ment in patient outcome.[1-4] Despite increasing cases of

ventilator-associated pneumonia, showing the largest number

ECMO in Korea, a national ECMO registry has not been estab-

of infections.

lished and studies that explored the application of ECMO for
ARDS are limited. The incidence of ARDS increases with age,

Discussion

meaning that the sudden demand for ECMO support increases
in the elderly population. However, clinical criteria or guidance

This study showed a lower hospital survival rate after ECMO

for the use of ECMO are not yet fully developed. Given the cir-

in severe ARDS patients aged 65 or older than that in the young-

cumstances, we addressed ECMO implemented at a tertiary-care

er age group. Septic shock and acute kidney injury constituted

hospital for severe ARDS patients and investigated clinical char-

the significant risk factors of ICU mortality in total patients.

acteristics of severe ARDS patients aged 65 or older.

ven-

This study found the mean ICU and hospital survival rates at

tilator-associated pneumonia were significantly evident in the

29.0% and 22.6%, respectively, which are lower than the surviv-

Among

complications

developed

after

ECMO,
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Table 4. ECMO related complications
Type
Bleeding, No (%)
Cannula site
Surgical site
Gastrointestinal bleeding
Hemoptysis
Retroperitoneal hemorrhage
Hemolysis, No (%)
Mechanical, No (%)
Circuit clot
Circuit dislocation
CRRT after ECMO support
ICU acquired infection
VAP
BSI (acquired)
Catheter related infection

Total (n = 31)
20 (64.5)
5 (16.1)
5 (16.1)
6 (19.4)
3 (9.7)
1 (3.2)
3 (9.7)

Elderly (n = 18)
11 (61.1)
5 (27.8)
2 (11.1)
4 (22.2)
1 (5.6)
1 (5.6)
2 (11.1)

Non-elderly (n = 13)
9 (69.2)
0 (0)
3 (23.1)
2 (15.4)
2 (15.4)
0 (0)
1 (7.7)

p value
0.641
0.038
0.371
0.634
0.361
0.388
0.751

4 (12.9)
3 (6.5)
1 (3.2)

3 (16.7)
2 (11.1)
1 (5.5)

1 (7.7)
1 (7.7)
0 (0)

0.462

10 (32.3)
7 (22.6)
5 (16.1)
4 (12.9)
0

4 (22.2)
7 (38.9)
5 (27.8)
4 (22.2)

6 (46.2)
0 (0)
0 (0)
0 (0)

0.160
0.011
0.038
0.069

ECMO: extracoporeal membrane oxygenation; CRRT: continuous renal replacement therapy; ICU: intensive care unit; VAP: ventilator-associated
pneumonia; BSI: bloodstream infection.

al rates reported in the extracorporeal life support organization

was much lower than that reported in the ELSO registry, sug-

(ELSO) registry.[6] The lower survival rates found in this study

gesting the possibility of a high frequency of reaggravations

can be explained by various variables including age of subjects.

even after successful ECMO weaning. In other words, repeated

The subjects of this study has a poor prognostic factors identi-

aggravation resulted in a low survival-to-discharge rate (11.1%)

fied in a previous report, such as age, weight and Asian race.[6]

in the elderly group whereas successful ECMO weaning was

The proportion of aged subjects is higher in this study, com-

translated into a higher survival-to-discharge rate (38.5%) in the

pared with previous studies of ECMO. Recent studies claimed

non-elderly group. Ventilator-associated pneumonia (3 cases),

age as an important prognostic indicator in patients receiving

barotrauma (1 case) and deteriorated interstitial pneumonia (1

ECMO. Schmidt et al.[9] reported the outcomes of ECMO were

case) were major causes of repeated exacerbation. The first two

unfavorable in patients aged 45 or older. In this study, the mean

variables were also associated with prolonged MV after ECMO

age was 46.9 years in the non-elderly group, and their surviv-

removal. The need for prolonged ventilation after ECMO is sup-

al-to-discharge rate was 38.5% on average, which is close the

ported by the claims that pulmonary dysfunction can continue in

survival rate reported to the previous studies.[3-5] However, the

elderly patients who recovered from ARDS[15] and that an old

mean age of the elderly group was 73.1 and their surviv-

age of over 70 is itself an unfavorable prognostic indicator in pa-

al-to-discharge rate was very low at 11.1%, thereby indicating a

tients with severe ARDS.[16] That is, a slow recovery in the

possible association between age and unfavorable overall out-

older age group druing ECMO lengthens the duration of ECMO

comes among total patients. It was not possible to verify this as-

(Table 1), increasing the duration of ventilation and the risk of

sumption due to the small sample size, requiring well-designed,

developing pneumonia as a result. This finding suggests the im-

prospective studies.

portance of giving thorough consideration to the reversibility of

The low hospital survival rate in this study was also explained

elderly patients with severe ARDS when using ECMO.[17]

by high frequency of baseline septic shock (41.9%) and renal

This study has several limitations, including a small number

failure that required renal replacement therapy (45.2%). These

of subjects selected within a particular institution and a retro-

two variables served as independent risk factors of ICU mortal-

spective analysis. This study contain the result of initial period

ity according to multivariate analysis (Table 4). In ARDS pa-

of ECMO program in our hospital. Therefore, the caution is

tients, multiple organ failure and sepsis are associated with un-

needed to interpret our results. However, study provides insights

favorable outcome.[10] In particular, the association of renal

into the current ECMO practices for severe ARDS patients in

impairment with unfavorable outcome has been discussed in

Korea. Also, given the consistency between the results of this

several studies.[11-16]

study and retrospective studies based on data from the ELSO

As mentioned earlier, the survival rate of the elderly group

registry, the results of this study can be useful when employing
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ECMO. The low ICU survival rate in the elderly group signifies

9) Schmidt M, Zogheib E, Rozé H, Repesse X, Lebreton G,

a need to consider reversibility and apply ECMO selectively in

Luyt CE, et al: The PRESERVE mortality risk score and

this population.

analysis of long-term outcomes after extracorporeal mem-

Recently, assessment tools for predicting the outcome of ECMO
have been developing.[18,19] To improve outcome in patients

brane oxygenation for severe acute respiratory distress
syndrome. Intensive Care Med 2013; 39: 1704-13

with severe ARDS who require ECMO, early outcome pre-

10) Suchyta MR, Clemmer TP, Elliott CG, Orme JF Jr, Weaver

dictors tailored for Korean patients should be developed by ana-

LK: The adult respiratory distress syndrome. A report of sur-

lyzing prognosis and associated variables. In conclusion, a na-

vival and modifying factors. Chest 1992; 101: 1074-9.

tional ECMO registry is definitely required for data collection.

11) Chen YC, Tsai FC, Chang CH, Lin CY, Jenq CC, Juan KC, et
al: Prognosis of patients on extracorporeal membrane oxy-
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