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Abstract Purpose: Information
on predisposing risk factors influenc-
ing long-term survival after
extracorporeal membrane oxygena-
tion (ECMO) support remains scarce.
In critically ill patients chronic
obstructive pulmonary disease
(COPD) is an independent risk factor
for mortality and morbidity. We
assessed the influence of COPD on
cardiovascular and all-cause mortality
in patients undergoing ECMO ther-
apy. Methods: We prospectively
included 191 patients undergoing
veno-arterial ECMO therapy follow-
ing cardiovascular surgery at a
university-affiliated tertiary care cen-
ter into our registry. Results: The
median follow-up time was

51 months (IQR 34-71 months) cor-
responding to 4,197 overall months of
follow-up. A total of 125 patients
(65 %) died; 88 % of deaths were due

to cardiovascular causes. Long-term
survival was decreased in patients
with COPD after 1 year (23 % vs.
44 %) and after 6 years (14 % vs.

35 %) compared to patients without
COPD. COPD was independently
associated with all-cause mortality
with a hazard ratio of 4.22 (95 % CI
1.04-17.11, p = 0.04) and cardio-
vascular mortality with a hazard ratio
of 5.87 (95 % CI 1.41-24.47,

p = 0.02). Conclusions: We identi-
fied COPD as a strong and
independent predictor of long-term
all-cause mortality and cardiovascular
mortality in patients undergoing
ECMO therapy following cardiovas-
cular surgery. The current study
presents valuable information for a
comprehensive decision-making pro-
cess prior to ECMO implantation and
helps to identify high-risk patients
that may benefit from intensified
treatment of co-morbidities and close
check-ups after hospital discharge.
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Introduction

Extracorporeal membrane oxygenation (ECMO) support
has been established as a therapeutic option for mechan-
ical circulatory support in critically ill patients following
cardiovascular surgery [1]. Despite all efforts, long-term
prognosis in this patient population remains critical [2—4].
Therefore, the decision to initiate ECMO support should
be driven by a comprehensive evaluation of the patients’
individual risk profile. Nevertheless, risk stratification
remains challenging because information on specific
outcome predictors is scarce [2]. Previous studies pre-
dominantly focused on in-hospital mortality [3, 4],
whereas predisposing risk factors influencing long-term
survival are essentially unknown.

Chronic obstructive pulmonary disease (COPD) is a
well-established risk factor in patients undergoing car-
diovascular surgery [5-8] and independently predicts
mortality and morbidity in intensive care unit (ICU)
patients [9, 10]. Furthermore, with the increasing global
incidence of COPD [11] and its high prevalence in ICU
patients [9], information on the impact of COPD on long-
term mortality in patients undergoing ECMO would be
valuable for an accurate risk stratification prior to ECMO
implantation. Nevertheless, there are no such data from
previous investigations. We therefore assessed the influ-
ence of COPD on cardiovascular and all-cause mortality
in patients undergoing veno-arterial ECMO support fol-
lowing cardiovascular surgery.

Methods
Study population

Between February 2002 and December 2009, we pro-
spectively included patients undergoing veno-arterial
ECMO therapy following cardiovascular surgery into our
registry. All participants were recruited at the Vienna
General Hospital, a university-affiliated tertiary center.
The study protocol complies with the Declaration of
Helsinki and was approved by the Ethics Committee of
the Medical University of Vienna (EK 1952/2012).

ECMO device and management

Indications for ECMO support were clinical criteria of
cardiogenic shock such as systolic arterial hypotension
(less than 80 mmHg) and signs of end-organ failure,
anaerobic metabolism, and metabolic acidosis despite
optimized supportive measures (i.e., inotropes, fluids,
intra-aortic balloon pump). Hemodynamic criteria were
cardiac index less than 1.8 L/m? body surface area and
pulmonary capillary wedge pressure of at least 20 mmHg.

The ECMO circuit consisted of a centrifugal pump con-
sole (Bio-Console560; Medtronic, Minnesota, USA) with
an inline plasma-tight hollow-fiber microporous mem-
brane oxygenator (Affinity NTTM; Medtronic, Anaheim,
USA). No additional left-sided venting or atrial septos-
tomy was performed. The ECMO device was routinely
checked on a 24-h basis by an experienced perfusionist
and the on-shift intensive care physician [12]. The circuit
was changed if significant deposition of fibrin or clots
were present or blood oxygenation declined sharply. All
components were heparin coated. Under ECMO support,
lungs were ventilated at low peak airway pressures of less
than 25 cmH,0, low physiologic respiratory tidal vol-
umes (6-8 mL/kg), a low respiratory rate (at most
10/min), and the fractional inspired oxygen (FiO,) was
reduced to 0.3 [13-16]. FiO, was adjusted using the
ECMO circuit to maintain a PO, between 80 and
100 mmHg. To define the optimal time of weaning,
myocardial recovery was assessed daily using clinical,
echocardiographic, and hemodynamic measures. ECMO
weaning was cautiously started when a pulsatile arterial
waveform was present, intravenous inotropes were suc-
cessfully reduced, and echocardiographic evaluation
demonstrated a stable left and right ventricular systolic
function [17]. ECMO weaning trial was performed by
progressively reducing pump flow to 1.5 L/min under
careful observation of metabolic status, end-organ perfu-
sion, and central venous saturation. If signs of impaired
end-organ perfusion occurred during ECMO weaning, the
flow was increased to the initial value and ECMO
weaning was repeated on a subsequent date. When ECMO
weaning was repeatedly impossible, cardiac transplanta-
tion or a ventricular assist device was considered. In
contrast, if the patient’s hemodynamic status remained
stable for at least 24 h, ECMO support was removed by
the on-shift cardiac surgeon and the access site was sur-
gically repaired.

Clinical definitions

Diagnosis of COPD and global initiative for chronic
obstructive lung disease (GOLD) grade was based on the
judgment of two independent physicians on the basis of
previous medical reports (e.g., previous hospital discharge
letters, pulmonary function tests) and previous COPD
medication in accordance with the GOLD executive
summary [11]. Cardiovascular risk factors were recorded
according to the respective guidelines. Blood samples
were collected pre-operatively at time of hospital admis-
sion and analyzed without freezing according to local
laboratory standard procedure. The European system for
cardiac operative risk evaluation (EuroSCORE) was cal-
culated as previously described [18]. The simplified acute
physiology score (SAPS) II score [19] was recorded at
time of ICU admission.
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Study endpoints

The primary study endpoints all-cause mortality and
cardiovascular mortality were obtained by screening the
national register of death, including screening for the
cause of death (according to the International Statistical
Classification of Diseases and Related Health Problems
10th Revision).

Statistical analysis

Continuous data were presented as median and inter-
quartile range (IQR) and compared using Mann—Whitney
statistics. Discrete data were presented as count and per-
centage and compared using the chi-squared test. Cox
regression analysis was applied to assess the effect of
COPD on all-cause and cardiovascular mortality. To
account for potential confounding effects, we calculated
the risk for death adjusted for the EuroSCORE (excluding
chronic pulmonary disease), the type of cardiovascular
surgery, and other established cardiovascular risk factors
including age, sex, hypertension, diabetes, hypercholes-
terolemia, estimated glomerular filtration rate (GFR), and
in addition GOLD grade. We additionally tested for col-
linearity in the multivariate model using the variance
inflation factor. Moreover, the calibration of the Cox
model was assessed using the Grgnnesby and Borgan
statistics [20], comparing the observed and model-based
estimated expected number of events within five risk
groups. First-degree interaction was tested using interac-
tion terms between the COPD and all variables included
in the confounder model. Kaplan—-Meier analysis was
applied to evaluate the effect of COPD on survival and
compared using log-rank test. Two-sided p values less
than 0.05 were used to indicate statistical significance.
SPSS 17.0 (SPSS/IBM) was used for all analyses.

Results

We prospectively included 191 patients with a median
age of 62 years (IQR 51-69) undergoing ECMO follow-
ing cardiovascular surgery between February 2002 and
December 2009. Seventy-one percent of patients were
male. Fifty-six patients underwent valve surgery, 26
coronary artery bypass graft (CABG) surgery, 38 com-
bined CABG and valve surgery, 39 cardiac
transplantation, and 32 other cardiovascular surgeries.
The median SAPS 1II score and median EuroSCORE of
the study population were 44 (IQR 31-60) and 10 (6-13),
respectively. In total 125 patients (65 %) died; 88 % of
fatal events were due to cardiovascular causes. The
median duration of ECMO therapy was 4 days (IQR
2-6 days) and the median time on mechanical ventilation

was 11 days (IQR 4-19 days). ECMO support following
cardiovascular surgery was initiated because of weaning
failure from cardiopulmonary bypass (58 %), postopera-
tive cardiogenic shock (25 %), immediate post-transplant
cardiac graft failure (6 %), postoperative respiratory
failure (2 %), postoperative bleeding/tamponade with
cardiogenic shock (7 %), and miscellaneous conditions
(3 %; Supplemental Table 1). Detailed baseline charac-
teristics are displayed in Table 1. Furthermore, a
comparison of all baseline characteristics comparing
survivors versus non-survivors is presented in Supple-
mental Table 1.

Thirty-five patients (18 %) had diagnosed COPD. Of
these 4 (11 %) were classified as GOLD I, 21 (60 %) as
GOLD 11, 8 (23 %) as GOLD 1II, and 2 (6 %) as GOLD
IV. There were no significant differences between
patients with and without COPD (Table 1) except for age
(p < 0.01) and EuroSCORE (p = 0.04). However, after
exclusion of chronic pulmonary disease from the Euro-
SCORE calculation, patients with and without COPD did
not significantly differ (p = 0.31). The median follow-up
time was 51 months (IQR 34—71 months) corresponding
to 4,197 overall months of follow-up.

Survival analysis

We detected a significant adverse effect of COPD on all-
cause mortality with an unadjusted hazard ratio (HR) of
1.74 (95 % CI 1.16-2.63, p = 0.01) and cardiovascular
mortality with an unadjusted HR of 1.93 (95 % CI
1.26-2.96, p < 0.01). The results persisted after multi-
variate adjustment with an adjusted HR of 1.62 (95 % CI
1.06-2.50, p = 0.03) for all cause mortality and an
adjusted HR of 1.73 (95 % CI 1.11-2.70, p = 0.02) for
cardiovascular mortality. The effect was more pro-
nounced after additional adjustment for GOLD grade with
an HR of 4.22 (95 % CI 1.04-17.11, p = 0.04) for all-
cause mortality and an HR of 5.87 (95 % CI 1.41-24.47,
p = 0.02) for cardiovascular mortality. There was no
significant impact of COPD on all-cause and cardiovas-
cular mortality 30 days after ICU admission (p = 0.09
and p = 0.07, respectively). Furthermore, there was no
significant interaction between COPD and any variable in
the multivariate confounder model (data not shown).
Additionally, we could not detect a significant collinearity
and the p values for the Grgnnesby and Borgan statistics
indicated good calibration for our multivariate models
(data not shown).

Kaplan—Meier analysis revealed a significant increase
of all-cause mortality (p = 0.007, log-rank test; Fig. 1a)
and cardiovascular mortality (p = 0.002, log-rank test;
Fig. Ic) in patients with COPD. Long-term survival was
decreased in patients with COPD after 1 year (23 % vs.
44 %) and after 6 years (14 % vs. 35 %) compared to
patients without COPD. A similar trend was observed for
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Table 1 Baseline characteristics of total ECMO study population (z = 191) and comparison between patients with COPD (n = 35) and

without COPD (n = 156)

Total study population COPD No COPD p value

(n = 191) (n = 35) (n = 156)
Age, years (IQR) 62 (51-69) 68 (62-78) 61 (48-68) <0.01*
Male sex, n (%) 136 (71 %) 22 (63 %) 114 (73 %) 0.23
SAPS II at ICU admission, n (%) 44 (31-60) 44 (30-66) 44 (31-59) 0.66
EuroSCORE (additive), points (IQR) 10 (6-13) 12 (8-15) 9 (6-13) 0.04*
ECMO duration, days (IQR) 4 (2-6) 3 (1-6) 4 (2-6) 0.19
Time on mechanical ventilation, median days (IQR) 11 (4-19) 12 (3-20) 10 (5-19) 0.88
Emergency indication of surgery, n (%) 65 (34 %) 10 (29 %) 55 (35 %) 0.45
Procedure duration, h (IQR) 7.2 (4.8-9.0) 7.7 (5.4-9.0) 6.8 (4.8-9.1) 0.35
IABP, n (%) 29 (15 %) 4 (11 %) 25 (16 %) 0.49
Hypertension, n (%) 86 (45 %) 17 (49 %) 69 (44 %) 0.64
Diabetes, n (%) 42 (22 %) 10 (29 %) 32 21 %) 0.30
Hypercholesterolemia, n (%) 54 (28 %) 8 (23 %) 46 (29 %) 0.43
Coronary artery disease, n (%) 75 (39 %) 17 (49 %) 58 (37 %) 0.21
Left ventricular ejection fraction
3044 %, n (%) 32 (17 %) 6 (17 %) 26 (17 %) 0.95
<30 %, n (%) 81 (42 %) 13 (37 %) 68 (44 %) 0.49
Glucose, (mg/dL) (IQR) 118 (96-157) 111 (104-184) 120 (92-151) 0.53
Total cholesterol, (mg/dL) (IQR) 148 (118-192) 148 (118-193) 148 (117-189) 0.92
Triglycerides, (mg/dL) (IQR) 135 (92-193) 129 (84-193) 135 (100-192) 0.39
Creatinine, (mg/dL) (IQR) 1.36 (1.10-1.88) 1.46 (1.23-1.72) 1.33 (1.06-1.90) 0.33
Estimated GFR, (mL/min/1.73 m?) (IQR) 57 (38-77) 50 (39-63) 58 (38-86) 0.13
Blood urea nitrogen, (mg/dL) (IQR) 25.4 (19.343.1) 27 (20-41) 25 (19-43) 0.82
Total bilirubin, (mg/dL) (IQR) 1.03 (0.66-1.67) 0.97 (0.58-1.49) 1.03 (0.67-1.72) 0.30
ASAT, (U/L) (IQR) 39 (26-111) 36 (26-67) 44 (27-122) 0.35
ALAT, (U/L) (IQR) 32 (18-61) 32 (20-45) 32 (18-71) 0.69
Gamma-GT, (U/L) (IQR) 59 (33-121) 50 (29-88) 66 (34-129) 0.26
Albumin, (g/L) (IQR) 36 (28-42) 38 (33-42) 36 (27-42) 0.42
Hemoglobin, (mg/dL) (IQR) 12.1 (10.4-14.0) 12.0 (10.5-13.8) 12.1 (10.3-14.0) 0.77
Platelets, (1,000/uL) (IQR) 185 (129-241) 184 (138-241) 185 (118-241) 0.59
Leukocytes, (1,000/uL) (IQR) 9.5 (7.1-15.8) 8.9 (6.6-13.9) 9.5 (7.3-16.2) 0.50

Counts are given as numbers and percentages. Continuous variables
are given as median and interquartile range (IQR)

SAPS II simplified acute physiology score II, ECMO extracor-
poreal membrane oxygenation, IABP intra-aortic balloon pump,

cardiovascular survival. When Kaplan—Meier analysis
was repeated for 30-day survivors, a similar difference
between patients with and without COPD was observed
for all-cause (p = 0.02, log-rank test; Fig. 1b) and car-
diovascular mortality (p = 0.004, log-rank test; Fig. 1d).

Discussion

This is the first study to identify COPD as an independent
predictor of long-term all-cause mortality and cardiovas-
cular mortality in patients undergoing veno-arterial
ECMO support following cardiovascular surgery. These
associations persisted after adjustment for potential con-
founders and were even more pronounced after
adjustment for GOLD grade. Interestingly, there was no
significant impact of COPD on all-cause and cardiovas-
cular mortality 30 days after ICU admission.

ECMO support following cardiovascular surgery is
characterized by a high initial mortality rate ranging from

GFR glomerular filtration rate estimated using Cockcroft—-Gault
formula

* Significance level is p < 0.05

Bold values indicate statistical significance (p < 0.05)

25 to 44 % [3, 4], which is in accordance with our 30-day
mortality of 42 %. Therefore, previous studies predomi-
nantly focused on prediction and improvement of in-
hospital mortality [3]. While the thereby identified risk
factors are crucial for risk estimation of short-term mor-
tality, different variables might become operative to
estimate long-term outcome in patients undergoing
ECMO support. Our results emphasize a clinically sig-
nificant and independent impact of COPD on long-term
survival in this carefully selected patient population.
Interestingly, in agreement with results presented by Ra-
stan et al. [3], COPD did not affect 30-day mortality,
further suggesting that distinct differences seem to be
relevant to determine long-term survival of patients
undergoing ECMO therapy. A large prospective study by
Funk et al. further strengthens this observation for COPD.
The authors evidently established COPD as an indepen-
dent risk factor for increased mortality in an unselected
ICU population, whereas the presented mortality curves
do not seem to indicate a significant difference in death
within the first week of ICU admission between patients
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Fig. 1 Kaplan—Meier estimates of mortality—Kaplan—Meier esti-
mates for all patients (a, ¢) and 30-day survivors (b, d) with and
without COPD for all-cause mortality (a p = 0.007; b p = 0.02,

with and without COPD [9]. Furthermore, Angouras et al.
demonstrated in a study population of patients undergoing
CABG a significant association between COPD and long-
term mortality over a median follow-up of 7 years with a
crude HR of 1.28 (95 % CI 1.11-1.47) [5]. These long-
term results were further underlined by a large prospec-
tive study population of 13,337 consecutive CABG
patients with a crude HR of 1.29 (95 % CI 1.14-1.46)
over a similar follow-up [6]. Our results extend the pre-
vious knowledge and demonstrate an approximately
fourfold higher mortality risk for COPD patients in a
highly selected population of long-term ECMO survivors
after cardiovascular surgery. Notably, the present study
indicates that COPD is not only associated with all-cause
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log rank test) and cardiovascular mortality (¢ p = 0.002; d p =
0.004, log rank test)

mortality but especially with cardiovascular mortality.
This observation is in line with previous data reporting a
higher risk of long-term cardiovascular mortality in
COPD patients with ischemic heart disease undergoing
percutaneous coronary intervention (PCI) or CABG [21,
22]. Generally, there is strong evidence that COPD is
associated with increased risk of cardiovascular events
[23, 24]. A recently published study suggested the
impairment of endothelial function as potential underly-
ing mechanism linking COPD and cardiovascular death
[25]. Hypercapnia has been identified as a crucial factor
impairing endothelial function in COPD patients [25]. It
is rather speculative that appropriate carbon dioxide
removal, which is mostly achieved by ECMO support and
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mechanical ventilation during ICU stay, might explain the
delayed negative effect of COPD on outcome. The crucial
effect of COPD on long-term outcome is in accord with a
recently published study that demonstrated a higher
incidence of hospital readmissions for recurrent myocar-
dial infarction, heart failure, and serious bleeding events
in ischemic heart disease patients with concomitant
COPD [22]. A prothrombotic state in patients with COPD
[18, 19] might represent a potential pathophysiological
link between COPD and cardiovascular disease.

COPD has been well established as independent risk
factor for mortality after cardiovascular surgery [7, 8, 26,
27]. Gupta et al. demonstrated in a large postoperative
study population of 478,795 patients a significantly higher
30-day mortality in patients with COPD [28]. In partic-
ular, respiratory failure is a severe and common short-
term complication in COPD patients after cardiac opera-
tions [29], which is associated with poor outcome [30,
31]. Therefore, COPD patients might initially benefit
from ECMO support because of improved blood oxy-
genation virtually independent of the respiratory system.
This temporary profit might be reflected in the current
study by similar short-term mortality rates between
patients with and without COPD. It is tempting to spec-
ulate that ECMO support only temporarily mitigates the
high risk of COPD patients after cardiovascular surgery.
A variety of reasons for the association of COPD with
increased long-term mortality have been previously dis-
cussed ranging from impaired respiratory mechanics and
reduced respiratory muscle capacity after cardiopulmo-
nary support to an increased incidence of ventilator-
associated pneumonia [9]. Nevertheless, the exact mech-
anism of increased long-term mortality in COPD patients
following ECMO support still remains unknown.

Clinical implications

Knowledge of adverse long-term predictors such as
COPD is a valuable addition for a comprehensive deci-
sion-making prior to ECMO implantation, because
unrestrained use of ECMO might disproportionately
increase hospital costs and resources consumption.
Therefore, our results suggest that initiation of ECMO
therapy in COPD patients, in the presence of other sig-
nificant risk factors, should be carefully balanced against
the poor outcome.

Furthermore, identification of long-term risk factors
may help to detect high-risk patients following ECMO
therapy. These patients may benefit from an intensified
treatment of co-morbidities and close check-ups after
hospital discharge, especially because previous reports

indicate an otherwise satisfactory mental health and
vitality in long-term survivors following ECMO therapy

[2].

Limitations

One potential limitation of our study is that our data
reflect the experience of a single center. In addition,
although our number of long-term survivors and median
follow-up evaluated is among the highest reported to date,
it might still not be satisfactory to draw definitive con-
clusions about COPD long-term outcome. Another
potential limitation is that COPD patients were signifi-
cantly older than patients without COPD. Nevertheless,
our results were even more pronounced after adjustment
for age in the multivariate model. Moreover, other
oxygenators (e.g., polymethylpentene oxygenators) dem-
onstrated less pro-inflammatory effects, improved gas
exchange capabilities, and reduced transfusion require-
ments compared to microporous oxygenators [32-34],
which were used in the presented study. However, during
the observation period of our study microporous oxyge-
nators were widely used in clinical practice [3, 35-38].
Finally, the diagnosis of COPD was based on previous
medical reports. A systematic diagnostic work-up,
including spirometry in survivors, would have been
desirable.

Conclusion

We identified COPD as a strong and independent pre-
dictor of long-term all-cause mortality and cardiovascular
mortality in patients undergoing veno-arterial ECMO
therapy following cardiovascular surgery. The current
study advances the limited knowledge on long-term risk
prediction in ECMO patients and represents a valuable
addition for a comprehensive decision-making prior to
ECMO implantation. Nevertheless, the pathophysiologi-
cal mechanisms underlying these associations and the
potential for risk modification through intensified mea-
sures of secondary prevention have to be further
elucidated.
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