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Summary
Background The use of venovenous extracorporeal
membrane oxygenation (VV-ECMO) as a rescue ther-
apy in severe acute respiratory distress syndrome
(ARDS) has become well established; however, the
affirmation of evidence on VV-ECMO application and
the analysis of patient outcomes after VV-ECMO treat-
ment for ARDS continues. The aim of the study is to
identify variables that affected the outcome of pa-
tients treated with VV-ECMO for severe ARDS outside
a major ECMO center.
Methods The study included adult patients with se-
vere ARDS treated with ECMO at a tertiary care hos-
pital in Zagreb, Croatia between October 2009 and
July 2014. Patients were recruited from a prospective
database.
Results The study enrolled 40 patients, 20 of whom
had H1N1-induced ARDS. The hospital mortality was
38%. The difference in mortality and long-term out-
come in H1N1-induced ARDS as compared to non-
H1N1-induced ARDS was not significant. Variables
associated with mortality included immunosuppres-
sion, shock at time of admission, acute renal failure,
occurrence of heparin-induced thrombocytopenia
antibodies, nosocomial sepsis and duration of ECMO.
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Conclusions The results of our study indicate that
ECMO use in severe ARDS is feasible with low mortal-
ity and identify or assert the variables associated with
adverse outcomes.
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Introduction

Venovenous extracorporeal membrane oxygenation
(VV-ECMO) has become established in the treatment
of the most severe forms of acute respiratory distress
syndrome (ARDS) during the last decades [1–3]; how-
ever, as only one randomized control trial (CESAR)
has been conducted and published so far, the col-
lection of evidence for ECMO use in ARDS continues
[4].

The mortality of mechanically ventilated patients
with severe ARDS with a pO2/FiO2 (partial pressure
of oxygen in alveoles/oxygen inspiratory fraction set
on the ventilator) ratio of <100 is approximately 60%
[5]. Extracorporeal Life Support Organization (ELSO)
guidelines predict a mortality of 80% if this ratio is
<100 on a FiO2 of 90%. These mortality data should be
used to compare the outcome of patients treated with
ECMO for ARDS among different trials if the control
group is not included.

Our respiratory ECMO center was established in
October 2009 in the midst of the H1N1 pandemic with
the intention to help patients with severe H1N1 ARDS.
Training of our staff was provided by local cardiotho-
racic surgeons and perfusionists. After initial training
we enhanced our practical and theoretical knowl-
edge at renowned European ECMO centers (Lueven,
Karolinska and Regensburg). For the first 2 years we
had perfusionists on call. Afterwards we were com-
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pletely independent with intensive care specialists
and nurses responsible for all the aspects of ECMO
management. Our ECMO program is available around
the clock since the beginning and is responsible for
respiratory ECMO support in Croatia. In 2013 we
became the only certified respiratory ECMO center in
Croatia with the decision of our national Ministry of
Health.

The primary objective of this study was to report
a single center experience with VV-ECMO treatment
for severe ARDS outside a major ECMO center and to
analyze the variables that affected the outcome. Fur-
thermore, as a secondary objective local guidelines for
the treatment of severe ARDS were established. We
believe that our trial contributed further evidence to
the existing pool of knowledge about the use of VV-
ECMO in ARDS.

Patients, materials and methods

Patients

The study included 40 adult patients with ARDS
treated with ECMO at the Zagreb University Hospi-
tal for Infectious Diseases, a tertiary care hospital in
Croatia, in the period between October 2009 and June
2014. Patients with H1N1 ARDS received antiviral
treatment with oseltamivir at a dose of 2 × 150 mg.
Empirical antimicrobial treatment consisted of ceftri-
axone (1 × 2 g intravenously daily) and azithromycin
(1 × 500 mg intravenously daily). Steroids were ad-
ministered at low dosage (2 × 100 mg hydrocortisone
intravenously daily) in all patients; however, as steroid
treatment in H1N1 ARDS could be harmful, this prac-
tice was terminated in patients that followed [6].

The non-H1N1 group was empirically treated with
ceftriaxone (1 × 2 g intravenously) and azithromycin
(1 × 500 mg intravenously) if the diagnosis was
simple community acquired pneumonia. Immuno-
suppressed patients with bacterial pneumonia were
treated with piperacillin-tazobactam (4 × 4.5 g in-
travenously) or cefepime (2 × 2 g intravenously).
Septic patients were empirically treated with broad
spectrum antimicrobial coverage with de-escalation
after the antimicrobial susceptibility testing was per-
formed. The remaining patients were treated accord-
ing to the diagnosis (e.g. acute eosinophilic pneu-
monia with steroids, aspiration pneumonitis with
steroids and antibiotics, Goodpasture syndrome with
plasma exchange, steroids and cyclophosphamide
and bleomycin-induced lung injury with steroids). All
patients received a neuromuscular blockade for the
first 48 h [7]. Prone positioning was not performed
prior to or during ECMO and treatment with nitric
oxide and prostaglandins was not employed due to
lack of evidence of efficacy. Informed consent was
obtained from relatives of all patients included in the
study. Institutional ethical review board approved the
investigation.

Data

Data were acquired from a prospectively collected
database of patients treated with ECMO for acute
respiratory failure. Variables included in the analysis
were age, gender, mortality, etiology, immunosup-
pression (e.g. cirrhosis, hematological malignancy,
immunosuppressive treatment and hypogammaglob-
ulinemia), presence of diabetes mellitus, body mass
index, acute physiology and chronic health evalua-
tion II (APACHE II) score, Murray score, pO2/FiO2 ratio,
oxygenation index (FiO2 ×mean airway pressure/pO2),
pCO2, shock at admission (systolic blood pressure SBP
<90 mm Hg, mean arterial pressure <70 mm Hg or
an SBP decrease >40 mm Hg in adults or less than
two standard deviations below normal for age with
concomitant use of vasopressor treatment – nor-
epinephrine >0.1 µg/kg/min), duration of mechanical
ventilation before ECMO, duration of ECMO, occur-
rence of acute renal failure (according to the RIFLE
classification system [8]), hemolysis (free hemoglobin
>50 mg/dl), possible heparin-induced thrombocy-
topenia HIT, defined by the detection of PF-4 anti-
bodies by ELISA and low platelet counts, significant
hemorrhage (≥1000 ml of red blood cell transfusion
per complication) and nosocomial sepsis. For the
long-term outcome assessment the Karnofsky perfor-
mance scale score was used.

ECMO

All ECMO circuits were venovenous with centrifugal
pumps and were biocoated. Of the patients 27 had
a femorojugular bypass with drainage at the femoral
site. The remaining 13 patients had a femorofemoral
bypass. Biomedicus cannulas, Biomedicus BP-80
pump, Medtronic I-4500 and Eurosets (Medolla, Italy)
ADULT ECMO oxygenators and Medtronic (Dublin,
Ireland) BIOtherm heat exchanger were used from
November 2009 to September 2013. After September
2013 in 14 patients we used the adult permanent
life support (PLS) system by Maquet (Gettinge group,
Rastatt, Germany) with all the components of the
set included. According to the ELSO guidelines the
indications for ECMO include a pO2/FiO2 ratio <100,
Murray score of 3–4 and/or refractory hypercapnia
with pH <7.2. Cannulations were percutaneous with
the Seldinger technique in all patients. Cannula
size was individually determined with the average
drainage cannula size being 23 Fr. and 21 Fr. for
male and female patients, respectively. Average re-
turn cannula size was 21 Fr. and 19 Fr. for males and
females, respectively. If additional blood flow was
necessary we augmented drainage with insertion of
an additional cannula to the available femoral vein
with a Y-connector.

Heparin infusion was titrated according to the bed-
side activated clotting time (ACT) measurements that
were performed every hour. The ACT values were tar-
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geted at the range between 170–180 s. Three patients
were treated with fondaparinaux 2.5 mg daily due to
positive HIT antibodies (PF-4) and two other patients
died before the results for the HIT antibodies were
disclosed. If indicated, a continuous renal replace-
ment therapy (CRRT) circuit was integrated in the
ECMO circuit between the centrifugal pump and the
oxygenator. The ECMO blood and sweep gas flow was
adjusted to achieve normocarbia, normal pH, oxy-
gen saturation above 90% and normal lactate levels.
Ventilation parameters during ECMO were based on
pressure controlled ventilation with peak pressure of
25 cmH2O, PEEP from 8–10 cmH2O, FiO2 21–30% and
inspiration to expiration ratio of 1:1(2). Spontaneous
breathing was supported with additional pressure
support of 10–15 cm H2O. The goal of ventilation
parameters was to reduce ventilator-induced lung
injury.

Patients were sedated with midazolam infusion
and analgesia was achieved with fentanyl infusion.
Weaning trial was tried when ventilation and oxy-
genation parameters showed improvement from the
baseline. The patient was decannulated when tidal
volumes approximated 500 ml on the pressure con-
trolled ventilation with upper pressure of 20–25 cm
H2O, when CO2 was normal without sweep gas on and
when pO2 was 90–100 mm Hg with the FiO2 of 70%
on the ventilator and without ECMO.

Statistics

Continuous variables are presented as the median, the
25th and the 75th percentiles. Categorical variables are
presented as frequencies and percentages. Univariate
analysis tested the statistical significance of the dif-
ference in outcome variables between the survivors
and non-survivors with Fisher’s two-tailed exact test
for categorical and the Mann-Whitney test for con-
tinuous variables. Both tests were used due to non-
parametrical distribution of the data. Survivors were
patients who were alive 3 months after discharge from
hospital. P-values of less than 0.05 were considered to
indicate a statistical significance in all statistical tests.
For statistical analysis SAS software for Windows, ver-
sion 9.3. (SAS Institute) was used.

Results

The study included 40 consecutive adult patients with
ARDS treated with VV-ECMO at a single center. The
patient cohort had a median age of 48.5 years and a
mortality rate of 38% (15 out of 40). The median time
on ECMO was 192 h, somewhat shorter than usual,
probably due to early mortality in 3 patients that af-
fected the median ECMO time of our relatively small
number of patients. Further detailed demographics,
clinical characteristics and univariate analysis accord-
ing to the survival of included patients are presented
in Table 1.

A total of 20 patients had H1N1 infections con-
firmed by real-time polymerase chain reaction (RT-
PCR) testing in bronchoalveolar lavage or tracheal
aspirate specimens. In the non-H1N1 group 12
patients had bacterial pneumonia (4 Streptococcus
pneumoniae, 3 of unknown etiology, 2 Legionella
pneumophila, 1 Pseudomonas aeruginosa, 1 Klebsiella
pneumoniae, and 1 Acinetobacter baumannii) and 3
patients had sepsis (1 Staphylococcus aureus and 2
Escherichia coli). Of the remaining five patients one
each had adenoviral pneumonia, acute eosinophilic
pneumonia, aspiration pneumonitis, Goodpasture
syndrome and bleomycin-induced lung injury.

The severity of disease and ARDS are demonstrated
by the high APACHE II score and oxygenation index
as well as the low median pO2/FiO2 ratio. Accord-
ing to the median body mass index (BMI) of 27.1,
the patients were overweight but not obese. Of the
patients nine (23%) were immunocompromised: two
had hematological malignancy, two had hypogamma-
globulinemia, two had cirrhosis and three received
immunosuppression treatment. Of the patients nine
(23%) had significant bleeding episodes that required
1000 ml of red blood cell transfusions or more un-
til the bleeding was controlled. Hemorrhage symp-
toms were present at cannula insertion site in two pa-
tients, three had hematemesis and in four patients the
hemorrhage was due to hematuria, hematochezia, in-
tra-abdominal and intrathoracic hemorrhage, respec-
tively. Other patients required red blood cell transfu-
sions occasionally to achieve hematocrit levels above
30%. Of the patients 16 (40%) had significant hemo-
lysis that required investigation: in severe cases (free
hemoglobin more than 500 mg/dl) it required either
centrifugal pump head change or the change of the
complete ECMO circuit from cannula to cannula for
suspected thrombus formation within the circuit. The
majority of patients were placed on CRRT for fluid bal-
ance optimization and 16 also had acute renal failure.
Anti-HIT antibodies were detected by ELISA in three
patients (8%) and nosocomial bloodstream infections
(BSI) developed in 17 patients (7 Staphylococcus epi-
dermidis, 7 Acinetobacter baumanii, 2 Pseudomonas
aeruginosa nd 1 Candida albicans).

In order to detect possible variables associated
with mortality we performed univariate analysis that
is presented in Table 1. Baseline severity of the
ARDS was not significantly different between sur-
vivors and non-survivors as revealed by the oxygena-
tion index, pO2/FiO2 ratio, pCO2 and Murray score.
The APACHE II score was higher in the non-sur-
vivor group; however, the difference only indicated
a tendency and was not significant (p = 0.08). Im-
munosuppression, acute renal failure and shock at
admission were more frequent in non-survivors as
was the occurrence of HIT, nosocomial sepsis and
hemolysis. Duration of mechanical ventilation prior
to ECMO initiation was comparable between groups
as was BMI. The duration of VV-ECMO support was
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Table 1. Demographicsandclinical dataof patientsbeforeECMOwithunivarate analysisof patients treatedwithVV-ECMOfor
ARDSaccording to theoutcome

All patients
(n =40)

Survivors
25 patients

Non-survivors
15 patients

p -Value

Age (years) 48.5 (33.3–61.5) 43.0 (33.5–60.0) 49.0 (29.0–59.0) 0.88

Sex – female 12/40 (30%) 7/25 5/15 0.73

Immunosupressiona 9/40 (23%) 3/25 6/15 0.05

Diabetes mellitus 4/40 (10%) 4/25 0/15 0.27

Body mass index 27.1 (24.0–31.1) 28.5 (25.5–33.9) 24.7 (21.4–29.3) 0.15

H1N1 ARDS 20/40 (50%) 13/25 7/15 1.0

pO2/FiO2 61.3 (51.3–73.5) 62.0 (52.9–74.2) 59.6 (50.0–64.0) 0.26

Murray score 3.25 (3.25–3.75) 3.25 (3.0–3.5) 3.38 (3.25–3.75) 0.25

Oxygenation indexb 36.2 (32.4–41.4) 35.1 (31.0–40.7) 39.0 (32.8–45.5) 0.48

PCO2 (mm Hg) 56.7 (40.3–82.0) 56.7 (40.0–72.2) 63.4 (40.9–82.0) 0.95

Shock at admission 9/40 (23%) 3/25 6/15 0.05

APACHE IIC 22.5 (19.0–27.0) 22.0 (17.5–24.0) 26.0 (20.0–31.0) 0.08

Acute renal failure 16/40 (40%) 6/25 10/15 0.02

ECMO duration (hours) 192.0 (130.0–330.0) 168.0 (122.5–200.0) 369.0 (192.0–504.0) 0.03

Mechanical ventilation before ECMO
(days)

2.0 (1–0–4.0) 2.0 (1.0–4.0) 2.0 (1.0–3.0) 0.65

HITd 3/40 (8%) 0/25 3/15 0.05

Hemolysise 16/40 (40%) 6/25 10/15 0.02

Hemorrhagef 9/40 (23%) 5/25 4/15 0.7

Nosocomial sepsis 17/40 (43%) 7/25 10/15 0.02

Data are counts (%) or median (lower and upper quartiles). Italics p value was significant
aCirrhosis, hematological malignancy, immunosuppressive treatment, hypogammaglobulinemia of uncertain significance
bFiO2 × mean airway pressure/pO2
cacute physiology and chronic health evaluation II score
dHeparin induced thrombocytopenia
eFree hemoglobin >50 mg/dl
fMore than 1000 ml of red blood cell transfusion per complication

significantly longer in non-survivors, this is impor-
tant because the incidence of complications increased
with the time on ECMO. We also analyzed the influ-
ence of H1N1 influenza etiology of ARDS on the
outcome and the mortality between the groups was
comparable, 7/20 vs. 8/20 for the H1N1 and the non
H1N1 groups, respectively.

Of non-survivors four patients died after discon-
tinuation of ECMO, one from septic shock, one from
pulmonary embolism and two patients died due to in-
tracerebral hemorrhage. Of the remaining 11 patients
who died while on ECMO, 9 presumably died of sep-
tic shock (sepsis was confirmed in 7 patients), 1 pa-
tient died of myocardial infarction and 1 of suspected
pulmonary embolism. Long-term outcome of the sur-
vivors was evaluated with the Karnofsky performance
scale 3 months after discharge from hospital. Results
revealed a median Karnofsky performance scale score
of 90% and were both satisfactory and expected as the
patient cohort was relatively young.

Discussion

The results of our study revealed that when indicated,
VV-ECMO can be a life-saving procedure for the most
severe form of ARDS. Our patients, although severely

ill on admission with a median pO2/FiO2 ratio of 61.3,
had a mortality rate of 38% (15/40) indicating that sat-
isfactory survival is feasible with VV-ECMO treatment
despite the procedural complexity. Our trial also con-
tributed to the development of the local guidelines for
the treatment of severe ARDS as we were able to pro-
vide information on when to transfer a patient to the
respiratory ECMO center in order to avoid transport
on ECMO. Today indications for the transfer of pa-
tients to our ECMO center are: pO2/FiO2 <100 and oxy-
genation index >20 but not all patients receive ECMO
treatment as some improve on conventional ventila-
tion. If the patient already has an indication for ECMO
or cannot be safely transported on mechanical venti-
lation, our mobile team retrieves the patient from the
referring hospital.

The long-term outcome of our patients was en-
couraging with amedian Karnofsky performance scale
score of 90% indicating minor signs of disease; how-
ever, all patients received further medical rehabili-
tation after hospital discharge. Our study also as-
serted the evidence that hemolysis is a significant vari-
able for adverse outcome in ECMO patients and re-
quires immediate investigation when detected [9]. A
higher incidence of hemolysis in our cohort of pa-
tients was probably due to older ECMO circuit we
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used until 2013 (Medtronic oxygenator and Biomedi-
cus centrifugal pumps) that is more prone to throm-
bus formation and hemolysis. Consequently, circuits
had to be changed more frequently. Furthermore, we
used Biomedicus cannulas without side perforations
for suction and had more negative pressure cannula
shaking that increases hemolysis. An immunosup-
pressive state as defined in the study, significantly cor-
related with the mortality as was detected in previous
studies [10]; however, the immunosuppressed group
was heterogeneous and small in size, thus preventing
any inference to the adverse outcome. Nosocomial
sepsis confirmed by positive blood cultures and signs
of systemic inflammatory response syndrome (SIRS)
as well as detection of HIT–PF 4 antibodies were sig-
nificantly more common in non-survivors; however,
this could be related to longer ECMO duration in the
same group as most patients died while on ECMO.
In the survivors group, most patients were weaned
from ECMO by day 10, thus it seems prudent to esca-
late the search for new infectious and non-infectious
complications that can deteriorate oxygenation after
this period. Acute renal failure significantly influenced
the outcome as was determined by previous investi-
gations [11]. The presence of shock at admission was
determined in 23% of patients (9/40) and was indica-
tive of the adverse outcome with significant impact
on mortality; however, in eight patients the shock re-
solved after ECMO initiation and the decrease in in-
trathoracic pressure, while one patient died in refrac-
tory septic shock (indicating that the true shock was
present only in one patient). This fact confirms that
VV-ECMO is the first-choice therapy in ARDS patients
with preserved myocardial function even if shock with
vasoactive drug treatment is present on admission.
Unlike in the PRESERVE study, in our patients the BMI
did not affect mortality, probably because our sample
size was too small to detect the difference [10].

The severity of lung failure prior to ECMO treat-
ment had no influence on the mortality as has been
previously described [7]. This indicates that the out-
come of ARDS patients treated with VV-ECMO de-
pends more on the ability to etiologically treat the
condition that induced ARDS and on the ability of
the lungs to heal, than on the severity of the initial
insult to the lungs. Further advantages of ECMO that
probably affect mortality in severe ARDS are lung rest
that enhances the healing process by avoiding venti-
lator-induced lung injury and capability of ECMO to
completely substitute lung function.

The limitations of this study are substantial and
mostly due to the small number of patients that pre-
vented more robust analysis and inference of the re-
sults. Furthermore, without a control group it is ob-
vious that our trial intention was not to advocate VV-
ECMO treatment over conventional ventilation in se-
vere ARDS; however, it is obvious that the use of VV-
ECMO in ARDS will continue in the future and that the
body of evidence must be expanded, especially as the

incidence of ARDS requiring ECMO is low. Further-
more, it is difficult to organize a randomized control
trial in patients with severe ARDS as it is unaccept-
able to randomize patients to the control group who
really need ECMO. In these circumstances, despite the
obvious limitations the information obtained by our
study indicates that ECMO seems to be feasible and
despite a considerable rate of complications, can have
satisfactory outcome in terms of mortality. High ex-
pectations of the ongoing randomized controlled trial
EOLIA are present in the whole ECMO community.
It is an international multicenter, randomized, open
trial that will evaluate the impact of ECMO on the
morbidity and mortality associated with ARDS and we
believe that it would make selection of patients with
ARDS that would benefit from ECMO treatment more
accurate.

According to the available evidence, the results ob-
tained from this study and a 5-year experience in a re-
ferral center for respiratory ECMO in Croatia, our con-
clusions are in accordance with the recently published
literature [12, 13]. According to those conclusions
and in order to maximize its positive effects in ARDS,
ECMO should be reserved for patients with persistent
pO2/FiO2 ratio of around 60 and with CO2retention re-
sulting in significant respiratory acidosis (pH <7.15).
Furthermore, relentless and prompt search for the
ARDS etiology is mandatory in order to treat, if pos-
sible, the condition that induced ARDS, as the time
we are able to safely provide ECMO support is usu-
ally limited. In patients presenting with variables that
have significant impact on adverse outcome at admis-
sion, such as acute renal failure, shock or immuno-
suppression, an even more aggressive quest for the
etiology of ARDS should be performed. For exam-
ple, while the patient was on ECMO we performed
renal biopsy, fortunately without any complications,
to confirm the diagnosis of Goodpasture syndrome
within 12 h and to justifiably administer cyclophos-
phamide treatment that is fraught with complications.
Consequently, while the patient is on ECMO our first
objective should be to take every measure necessary
that will provide the best possible environment for the
lungs to heal.

With such thorough and individual approaches to-
wards patients with severe ARDS we will be able to
utilize ECMO in the most purposeful manner, with
avoidance of unnecessary ECMO support with all the
possible complications and the best cost-benefit ra-
tio. Furthermore, with such prudent application of
VV-ECMO, we have an additional tool to achieve the
main objective, the lowest possible mortality of ARDS.
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