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Background: To investigate the impact of coagulation profiles and lactate levels in patients with septic
shock undergoing extracorporeal membrane oxygenation (ECMO).

Methods: A retrospective analysis of coagulation profiles, including disseminated intravascular coagulation
(DIC) score, before and during 48 h of ECMO support [on day 0 (pre-ECMO), day 1, and day 2], was
conducted in patients with septic shock undergoing ECMO.

Results: A total of 37 patients were included, and 15 (40.5%) patients survived. The initial DIC scores
did not change in either the pre-ECMO overt-DIC (n=15) or non-overt-DIC (n=22) group after ECMO
commencement. However, the DIC scores were significantly higher, at all three time-points, in non-survivors
than in survivors. Additionally, the lactate levels improved considerably in the pre-ECMO non-overt-DIC
group and in survivors during ECMO support, but not in the pre-ECMO overt DIC group or non-survivors.
On a multivariate analysis, the pre-ECMO DIC score was significantly associated with hospital death [odds
ratio (OR), 3.935; 95% confidence interval (CI), 1.170-13.230]. Receiver operating characteristic (ROC)
curves revealed that the combination of pre-ECMO DIC score plus lactate level was the best predictor
of hospital death (area under the curve, 0.879; 0.771-0.987); patients with combined scores >9.35 (the
optimal cut-off) exhibited a three-fold higher mortality rate than did those with lower scores (81.8% us.
26.7%, P=0.001).

Conclusions: During the early period of ECMO support, the coagulation profiles and lactate levels
exhibited different trajectories in survivors and non-survivors. Furthermore, the pre-ECMO DIC score plus

lactate level was the best predictor of hospital death.
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Introduction

The annual incidence of sepsis, a leading cause of death
worldwide, is increasing, and the mortality rate from septic
shock is 25-50% (1). Extracorporeal membrane oxygenation
(ECMO) has become a life-saving treatment for neonates
and children with septic shock refractory to conventional
treatment (2,3). However, its utility remains controversial
in adult patients (4,5). In addition, ECMO is costly (6).

Disseminated intravascular coagulation (DIC) develops
in 35% of patients with severe sepsis and is associated with
accelerated organ failure (7,8). Data from a well-controlled
clinical trial revealed abnormalities in coagulopathy,
inflammation, and the levels of biomarkers of endothelial
injury in patients with severe sepsis (9). Specifically, several
authors have highlighted the importance of the dynamic
evolution of coagulation marker levels (10,11). However,
coagulopathy can also progress in patients undergoing
ECMO, which is associated with blood-surface interactions
and/or clotting within the ECMO device (12). Hence, we
suggest that ECMO accelerates pre-existing coagulopathy
in septic shock patients; the extent of coagulopathy would
thus differ between survivors and non-survivors from the
time at which ECMO support is commenced.

In the present study, we hypothesised that the early
changes in coagulation profiles and lactate levels would be
significantly associated with hospital outcomes in patients
with septic shock undergoing ECMO and, therefore, that
the evaluation of these parameters might be useful to guide
physician decision-making in terms of ECMO treatment.

Methods
Study population

We retrospectively reviewed data from 37 patients (aged
>18 years) with septic shock who underwent ECMO at
Hallym University Sacred Heart Hospital between January
2007 and September 2015.

We followed the recommendations of the Surviving
Sepsis Campaign guidelines when diagnosing and treating
septic shock (13,14). ECMO was implemented for patients
in whom the aetiology of septic shock was considered
potentially reversible by physicians. Veno-arterial (VA)
ECMO was indicated for patients with acute circulatory
failure and a systolic blood pressure <80 mmHg despite
adequate intravascular volume replacement and high-dose
vasopressor infusion (norepinephrine >0.5 pg/kg/min), and
in those with in-hospital cardiac arrest >10 min in duration
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despite cardiopulmonary resuscitation (CPR). However,
veno-venous (VV) ECMO was first instituted for patients
with septic shock associated with acute respiratory failure,
with a ratio of arterial oxygen tension to inspired oxygen
fraction (PaO,/FiO,) <100 on ventilation with an FiO, of
100% and low-dose vasopressor infusion (norepinephrine
<0.5 pg/kg/min). Veno-arteriovenous (VAV) ECMO was
also used to treat patients with acute respiratory failure
with a PaO,/FiO, ratio <100 on ventilation with a FiO, of
100% and high-dose vasopressor infusion (norepinephrine
>0.5 pg/kg/min).

The exclusion criteria were an intracranial haemorrhage,
terminal malignancy, end-stage renal disease, liver cirrhosis
(Child grade > B), use of steroid or immunosuppressant
agent, out-of-hospital cardiac arrest, and loss of
independence in terms of the activities of daily living.
However, patients were eligible when their cancers had
been in complete remission for >6 months or when
they were being treated with a low dose steroid (i.e.,
<10 mg/day prednisolone or equivalent). We calculated
DIC scores using International Society of Thrombosis and
Haemostasis (ISTH) criteria (15). This score incorporates
the platelet count, D-dimer level, prothrombin time (PT),
and fibrinogen level. Overt DIC was defined by a DIC
score >5.

EMCO implantation and management

We used Capiox EBS™ (Terumo, Tokyo, Japan) or PLS
(MAQUET, Hirrlingen, Germany) equipment. Both
femoral veins (VV ECMO) or one femoral vein and one
femoral artery (VA ECMO) were percutaneously cannulated
using the Seldinger technique under fluoroscopic guidance
in a cardiac catheterisation laboratory. 19-Fr (for infusion)
and 21-Fr (for drainage) cannulas were placed (DLP® and
Bio-Medicus®, Medtronic, Minneapolis, MN, USA; RMI®,
Edward’s Life sciences LLC, Irvine, CA, USA). We placed
the drainage cannula in the right femoral vein, and the
infusion cannulas in the left femoral vein and right femoral
artery, in VAV mode. During ECMO support, heparin
or nafamostat mesilate (SK Chemicals Life Science Biz.,
Seoul, Korea; licensed by Torii Pharmaceutical, Tokyo,
Japan) was used for anticoagulation; the target activated
partial thromboplastin time (aPTT’) was 60-80 s. The target
haematocrit and platelet counts were >35% and >50,000—
80,000/mm’, respectively. Patients received antithrombin
(A'T) IIT when the initial AT III level was <70%, with a
loading dose of 2,000 IU followed by a maintenance dose of
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500 IU every 6 h for 3 days. Continuous renal replacement
therapy (CRRT) was commenced if a patient exhibited
progressive oliguria (i.e., urine output <0.5 cc/kg/h for >6 h).

Data collection and outcomes

The following data were obtained by a retrospective review
of the medical records: demographic characteristics (age,
sex, and body mass index), comorbidities, the cause of
sepsis, and the need for CPR before or during ECMO. Pre-
ECMO laboratory data, vasoactive inotropic scores (16),
and severity-of-illness scores [Simplified Acute Physiology
Scores (SAPS) II and sequential organ failure assessment
(SOFA) scores] were calculated. Coagulation data included
the platelet count; PT; aPT'T; and D-dimer, fibrinogen, and
AT III levels at each of the three time points [day 0 (within
24 h of ECMO initiation), day 1 (24 h after initiation), and
day 2 (48 h after initiation)]; we also calculated DIC scores.

The primary outcomes were the impact of the pre-
ECMO DIC score on hospital death, and differences in
the evolution of the lactate levels and coagulation profiles
between survivors and non-survivors during the early
period of ECMO support. The secondary outcomes were
the associations between DIC scores and lactate levels, and
complications in the pre-ECMO overt-DIC vs. the non-
overt-DIC groups.

Statistical analysis

All results are presented as numbers with percentages for
categorical variables, and as medians with interquartile
ranges for continuous variables. The Mann-Whitney U test
or a repeated measure analysis of variance (ANOVA) was
used to compare continuous variables, and the chi-squared
or Fisher’s exact test was employed to compare categorical
variables. Spearman’s method was used to seek correlations
between DIC scores and lactate levels.

A logistic regression analysis was performed using
covariates significant (P<0.05) on the univariate analysis
to identify independent risk factors for hospital mortality.
In terms of ECMO type, we combined the VA and VAV
ECMO groups into one group (i.e., we compared the VV
type with the other types) in the multivariate analysis.
Receiver operating characteristic (ROC) curves were drawn
to determine the ability of pre-ECMO variables, including
the DIC score, to predict hospital death. IBM SPSS version
22.0 software for Windows (IBM Corp., Armonk, NY,
USA) was used for all statistical analyses.
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Results
Baseline characteristics

During the study period, 207 patients underwent ECMO
support; of these, 39 were treated because of septic shock.
Two patients were finally excluded because of necrotising
pancreatitis and gastrointestinal bleeding, respectively. The
median patient age was 51.0 years (35.5-64.5 years) and 25
patients were male (7uble I). The most common causes of
septic shock were pneumonia (n=17) and intra-abdominal
infection (n=5). Among the organisms (n=23) identified,
Klebsiella pneumoniae and methicillin-sensitive Staphylococcus
aureus were the most prevalent (Tuble 2); 51.4% of patients
had bacteremia. Cardiac arrest occurred in 18 patients
(ECPR, n=8); 16 underwent echocardiography before
ECMO commencement. VA ECMO was performed on 26
patients and VV ECMO on 8 (VAV ECMO on 3). During
the first 48 h of ECMO, the median ECMO flow was 4.3
L/min (3.8-4.6 L/min) in the VA and VAV groups and 4.8
L/min (4.0-5.1 L/min) in the VV ECMO group. CRRT
was given to 36 patients during ECMO support.

Evolution of the coagulation profiles in the pre-ECMO
overt-DIC and non-overt-DIC groups

The overall incidences of overt DIC on days 0, 1, and 2
were 40.5% (15/37), 48.1% (13/27), and 47.8% (11/23),
respectively. Patients with pre-ECMO (day 0) overt DIC
had higher DIC scores at all three time points compared
to those with non-overt DIC, but the DIC scores did not
change significantly during the period of ECMO support in
either group (Figure 1). Among the individual parameters,
platelet count, aPTT, and AT III level changed significantly

only in patients with non-overt DIC.

The coagulation profiles of survivors and non-survivors

Of the 37 patients, 15 (40.5%) survived to discharge.
Before and during ECMO treatment, the incidence of
overt DIC and the DIC score were significantly higher
among non-survivors than survivors (Figures 2,3). However,
no significant temporal change in DIC score was found
during the early ECMO period in either group. In terms
of individual parameters (i.e., platelet count, aPT'T, AT III
level, PT, and D-dimer level), survivors exhibited better
coagulation profiles than non-survivors (Figure 3), but the
fibrinogen levels did not differ between the groups (data not
shown).
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Table 1 Baseline characteristics
Pre-ECMO values All patients (n=37) Survivors (n=15) Non-survivors (n=22) P value
Age (years) 51.0 (35.5-64.5) 44.0 (29.0-59.0) 52.5 (36.8-68.0) 0.350
Gender (male/female) 25/12 10/5 15/7 1.000
BMI (kg/mz) 23.2 (21.3-25.8) 24.2 (20.8-26.0) 23.1(21.3-25.7) 0.658
Comorbid illness

Diabetes 12 (32.4%) 5 (33.3%) 7 (31.8%) 1.000

Hypertension 10 (27.0%) 3 (20.0%) 7 (31.8%) 0.481

CKD 1(2.7%) 1(6.7%) 0(0.0%) 0.405

Cancer 3(8.1%) 0 (0.0%) 3 (13.6%) 0.257
Sepsis origins 0.905

Pneumonia 17 (45.9%) 6 (40.0%) 11 (50.0%)

Intra-abdominal 5(13.5%) 2 (13.3%) 3 (13.6%)

Soft tissue and skin 5(13.5%) 2 (13.3%) 3 (13.6%)

Others* 10 (27.0%) 5(33.3%) 5(22.7%)
Bacteremia 19 (51.4%) 7 (46.7%) 12 (54.5%) 0.638
Cardiac arrest 18 (48.6%) 3 (20.0%) 15 (68.2%) 0.004
Pre-ECMO VIS 55.5 (20.1-136.3) 30.9 (5.9-134.5) 58.8 (39.4-144.8) 0.127
pH 7.3 (7.2-7.4) 7.36 (7.26-7.40) 7.19 (6.95-7.28) 0.001
HCOs (mEg/L) 15.0 (11.7-20.0) 19.8 (16.4-23.5) 12.6 (9.9-16.2) 0.002
WBC (mms) 9,170 (4,320-20,775) 8,600 (4,900-14,900) 9,240 (3,038-23,358) 0.867
Creatinine (mg/dL) 1.9 (1.1-2.8) 1.2 (0.9-3.1) 2.0 (1.3-2.8) 0.171
CK-MB (ng/mL) 7.5(1.7-30.4) 4.7 (1.5-19.1) 11.3 (2.4-40.3) 0.075
BNP (pg/mL) 174.0 (63.1-745.3) 139.0 (54,2-655.0) 224.4 (66.5-876.6) 0.593
Ejection fraction (%)" 40.0 (26.3-49.3) 42.5 (38.0-61.8) 28.5(19.8-47.8) 0.118
Pre-ECMO SOFA score 15.0 (13.0-17.0) 13.0 (11.0-15.0) 15.5 (13.8-18.3) 0.012
Pre-ECMO SAPS Il 81.0 (66.0-98.0) 69.0 (46.0-84.0) 91.5 (72.3-99.0) 0.005
Shock to ECMO interval (min) 337.0 (167.5-559.0) 204.0 (155.0-547.0) 360.3 (164.8-584.8) 0.599
ECMO type (VA/VV/VAV) 26/8/3 7/71 19/1/2 0.009

*, urinary tract infection, 3; biliary infection, 1; central nervous system infection, 2; blood stream infection, 4; +, n=16; BMI, body mass
index; BNP, brain natriuretic peptide; CKD, chronic kidney disease; ECMO, extracorporeal membrane oxygenation; SAPS, Simplified
Acute Physiology Score; SOFA, sequential organ failure assessment; VA, venoarterial; VAV, veno-arteriovenous; VIS, vasoactive inotrope

score; VV, venovenous; WBC, white blood cell.

Evolution of lactate levels and their correlations with DIC the latter group (Figure 44). Lactate levels also decreased
scores significantly in survivors, but not non-survivors (Figure 4B).
The DIC scores correlated with lactate levels on both
day 1 and day 2 (r=0.825, P<0.001 and r=0.667, P=0.001,

respectively; vs. r=0.167, P=0.322 on day 0).

The lactate level trajectories differed considerably between
patients with pre-ECMO overt DIC and those with non-
overt DIC; lactate levels decreased significantly only in
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Table 2 Causative organisms of septic shock

Organisms n
Klebsiella pneumoniae 7
Methicillin-sensitive Staphylococcus aureus 5

—_

Methicillin-resistant Staphylococcus aureus

Escherichia coli 3
Streptococcus pneumoniae 3
Acinetobacter baumannii 1
Pseudomonas aeruginosa 1
Enterobacter aerogenes 1
Kocuria rosea 1
Not verified 14

Complication rates in the pre-ECMO overt-DIC and non-
overt-DIC groups

Patients with pre-ECMO overt DIC exhibited a lower rate
of ECMO weaning (20.0% vs. 59.1%, P=0.018) and higher
hospital mortality (86.7% vs. 40.9%, P=0.005) compared
to those with non-overt DIC. In particular, the number of
transfusions required (red blood cells, platelet concentrate,
fresh frozen plasma, and cryoprecipitate) were significantly
higher in patients with overt DIC (Tuble 3). The rates of
complications, including cannula bleeding, limb ischaemia,
and gastrointestinal bleeding, did not differ between the
two groups.

DIC scores in the VA-ECMO and VV-ECMO groups

After excluding patients suffering cardiac arrest, the DIC
scores were significantly higher in the VA ECMO group
(n=13) than in the VV ECMO group (n=6) [5.0 (3.5-6.0)
vs. 2.5 (2.0-3.0), P=0.001 on day 0; 4.5 (4.0-6.0) vs. 3.0
(2.0-4.5), P=0.042 on day 1; 4.5 (3.9-7.0) vs. 3.0 (2.0-3.0),
P=0.005 on day 2). However, after ECMO was commenced,
no temporal changes in the scores were observed in either
group. Patients receiving VV ECMO tended to have better
coagulation profiles than those receiving VA ECMO (data

not shown).
Multivariate analysis of factors affecting bospital mortality

In a univariate analysis using pre-ECMO variables, the
following parameters were significant (P<0.05): cardiac
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arrest, ECMO type (VV vs. other types), DIC score,
overt DIC, platelet count, PT, aPTT, AT III level,
pH, bicarbonate and lactate levels, SAPS II, and SOFA
score. Of these, considering the overlapping meaning
between the variables, we finally included five variables
(pH, ECMO type, pre-ECMO DIC score, lactate level,
and SAPS II) in a multivariate analysis (Table 4). In the
final model (Model 1), pre-ECMO DIC score was an
independent risk factor for hospital death [odds ratio
(OR), 3.935; 95% confidence interval (CI), 1.170-13.230].
When we replaced pre-ECMO DIC score with the
categorical variable (i.e., pre-ECMO overt DIC) (Model
2), we also found a significant association with the risk of
hospital death.

ROC curves predicting bospital mortality

We measured the areas under the curves (AUCs) of various
pre-ECMO parameters (Table 5 and Figure 5); the pre-
ECMO DIC score was a good predictor of hospital death
(AUC, 0.815; 95% CI, 0.676-0.954). However, of the
variables investigated, pre-ECMO DIC score plus lactate
level was the best predictor (0.897; 0.771-0.987); the
optimal cut-off was 9.35 (sensitivity, 81.8%; specificity,
73.3%; positive predictive value, 81.8%; and negative
predictive value, 73.3%). The hospital mortality of patients
with scores >9.35 was three-fold higher than that of others
(81.8% vs. 26.7%, P=0.001).

Discussion

We report several interesting findings. First, the pre-
ECMO DIC score was an independent risk factor for
hospital death in septic shock patients undergoing ECMO.
Second, the coagulation profiles (including DIC scores)
and lactate levels, differed significantly between survivors
and non-survivors both before and during ECMO support.
Finally, the pre-ECMO DIC score plus lactate level variable
was the best predictor of hospital death, and patients with
combined scores >9.35 had a three-fold higher hospital
mortality rate than did others.

Recently, some experts have claimed that coagulation is
an important component of the innate immune system and
can contribute to pathogen clearance in sepsis by creating
a physical barrier (17,18). Although physicians should be
aware of this paradigm shift to understand more clearly the
role played by DIC in sepsis, it has long been known that
both inflammation and coagulation play important roles in

J Thorac Dis 2018;10(3):1418-1430



Journal of Thoracic Disease, Vol 10, No 3 March 2018

A

DIC score

P=0.007

P=0.010

P<0.001

Day 1
ECMO days

40.0

35.0

30.0 4

25.0

20.0

Prothrombin time (s)

15.0

10.0

P=0.006

P=0.091
P=0.023

Day 1 Day 2

ECMO days

40.0 1

30.0

20.0

D-dimer (u/mL)

10.0 4

0.00

H -

T
Day 1
ECMO days

Day 0 Day 2

---- Non-overt DIC
— Overt DIC

---- Non-overt DIC
— Overt DIC

---- Non-overt DIC
— Overt DIC

aPTT () Platelet (1,000/mm?

Antithrombin 11l (%)

200.0

150.04

100.04

50.0

0.0+

P<0.001

P<0.001

....%,

< -~

I

Day 1 Day 2

ECMO days

Day 0

300.0 1

250.0 1

200.0 1

150.0

100.0

50.0

0.0

P=0.217

Day 1 Day 2

ECMO days

125.0 1

100.0

75.0

50.0 A

25.0 1

Day 1 Day 2

ECMO days

Day 0

1423

---- Non-overt DIC*
— Overt DIC

---- Non-overt DIC*
— Overt DIC*

---- Non-overt DIC*
— Overt DIC

Figure 1 Changes in DIC scores (A) and individual coagulation parameters (B,C,D,E,F) in patients with pre-ECMO overt DIC and those

with non-overt DIC. Data are presented with minimum and maximum values in whiskers. *, P<0.05 by repeated measures ANOVA for

changes in each group during the 48 h of ECMO support. aPTT, activated partial thromboplastin time; DIC, disseminated intravascular

coagulation; ECMO, extracorporeal membrane oxygenation.
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the development of DIC in septic shock patients, and that
DIC development is associated with poorer outcomes.

Various DIC diagnostic criteria have been established
by different groups (15,19,20). In the present study, we
used ISTH criteria and found that >40% of patients
developed overt DIC during the early period of septic
shock. Previously, Park et al. reported that the incidence
of overt DIC was 27.9-30.1% in the early period of
sepsis, and that changes in DIC scores were associated
with increased hospital mortality (21). Other studies also
found that worsening scores (‘composite coagulopathy
scores’ and ‘simple evolving DIC scores’) reflected poor
patient outcomes (10,11). However, ECMO per se is known
to promote coagulopathy (22). In the present study, we
hypothesised that pre-existing coagulopathy would be
accelerated in sepsis patients upon the commencement of
ECMO treatment. However, based on our results, ECMO
did not have a strong effect on pre-existing coagulopathy
in patients with septic shock. We found that DIC scores,
PT, and D-dimer did not change even after ECMO was
commenced; only the platelet count decreased significantly
in the non-overt DIC group (or both in survivors and
non-survivors). These findings may be associated with the
beneficial effect of ECMO treatment on organ perfusion
(i.e., organ function) (23), considering the association
between organ dysfunction and the development of DIC.
However, this needs further research.

The development of overt DIC or a high DIC score
prior to the commencement of ECMO was associated
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with a higher rate of hospital mortality. Particularly, such
patients required more transfusions during ECMO support
than did those with non-overt DIC (or lower DIC scores);
this may partly explain their poor outcomes. However,
again, the DIC scores did not subsequently change, and the
difference between patients with overt DIC and those with
non-overt DIC did not vary, during the 48 h of ECMO
support. This supports the significant association evident in
the present study between pre-ECMO DIC score (or overt
DIC) and hospital death.

The overall survival-to-discharge rate was slightly higher
(40.5%) in our study than in previous studies of patients
with septic shock undergoing ECMO (27.8% in the
work of Cheng e al. (24), 21.9% in that by Park ez al. (4),
and 15.4% in the study of Huang et 4/. (25). This may
be partly attributable to the short interval between the
development of septic shock and ECMO implementation
(337.0 min), which was less than in previous studies (4,26),
indicating that a prompt decision to implement ECMO
may be associated with more favourable outcomes. Another
explanation may be our inclusion of VV ECMO patients.
Although VA ECMO is primarily used to support patients
with septic shock haemodynamically, experts recommend
that VV ECMO should be considered first in patients
with pneumonia-induced septic shock and those with
sepsis-induced acute respiratory distress syndrome (27).
Although heterogeneity of the study population may be
an issue in our study, sepsis per se is a complex disease (i.e.,
disease heterogeneity) (28). Our primary aim of ECMO
was to improve organ perfusion (i.e., tissue oxygenation)
for patients in septic shock. Our decision on whether to
perform VV ECMO or VA ECMO is based on the patient’s
oxygenation and haemodynamics. Hence, we selected
different treatment modalities depending on the patient’s
condition while patients were in septic shock. Although
we acknowledge the problem of heterogeneity, inherent
biological and clinical heterogeneity of sepsis should be
considered (28).

Several previous studies found that the pre-ECMO
lactate level was associated with hospital mortality (4,29,30).
In our study, we also found that changes in lactate levels
differed markedly between the pre-ECMO overt-DIC and
non-overt-DIC groups (and between survivors and non-
survivors). Lactate levels fell notably in the pre-ECMO
non-overt-DIC group and survivors. This is consistent
with the recent report by Bonizzoli et al., where lactate
levels and their clearance during the early period of
ECMO treatment were a prognostic factor in patients with
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Figure 3 Changes in DIC scores (A) and individual coagulation parameters (B,C,D,E,F) in survivors and non-survivors. Data are presented
with minimum, first quartile, median, third quartile, and maximum values in box and whisker plots. *, P<0.05 by repeated measures ANOVA
for changes in each group during the 48 h of ECMO support. aPT'T, activated partial thromboplastin time; DIC, disseminated intravascular

coagulation; ECMO, extracorporeal membrane oxygenation.
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Figure 4 Changes in lactate levels in patients with pre-ECMO overt DIC and non-overt DIC (A), and between survivors and non-survivors
(B). Whisker plots (A) represent minimum and maximum values, and box and whisker plots (B) represent minimum, first quartile, median,
third quartile, and maximum values. *, P<0.05 by repeated measures ANOVA for changes in each group during the 48 h of ECMO support.
DIC, disseminated intravascular coagulation; ECMO, extracorporeal membrane oxygenation.

Table 3 Comparisons between overt DIC and non-overt DIC

Variables Overt DIC (n=15) Non-overt DIC (n=22) P value
Cardiac arrest 8 (563.3%) 10 (45.5%) 0.638
ECMO type (VA/VV/VAV) 12/2/1 14/6/2 0.410
ECMO duration (h) 71.0 (24.0-303.0) 133.0 (34.3-226.0) 0.006
ECMO weaning 3 (20%) 13 (59.1%) 0.018
Transfusion (units/day)
Packed RBC 2.0 (1.5-5.3) 1.2 (0.7-2.7) <0.001
Fresh frozen plasma 1.6 (0.7-4.5) 0.8 (0.0-2.0) <0.001
Platelet concentration 7.1 (5.7-13.3) 1.2 (0.0-7.0) 0.005
Cryoprecipitate 1.9 (0.0-7.0) 0.0 (0.0-0.3) 0.026
Antithrombin Il (n) 14/15 19/22 0.633
Cannula thrombosis 0.0 (0.0%) 1(4.5%) 1.000
Limb ischemia 4 (26.7%) 2(9.1%) 0.198
Cannula bleeding 1(6.7%) 2(9.1%) 1.000
Intracerebral hemorrhage 0.0 (0.0%) 1 (4.5%) 1.000
Gastrointestinal bleeding 1(6.7%) 1(4.5%) 1.000
Acute renal failure 12 (80.0%) 13 (59.1%) 0.286
Hospital death 13 (86.7%) 9 (40.9%) 0.005
28-day death 12 (80.0%) 11 (50.0%) 0.065

DIC, disseminated intravascular coagulation; ECMO, extracorporeal membrane oxygenation; RBC, red blood cell; VA, venoarterial; VAV,
veno-arteriovenous; VV, venovenous.
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Table 4 Multivariate logistic regression analyses using pre-ECMO variables for hospital death

Models Variables Beta SE P value OR 95% CI
Model 1* pH -7.566 5.792 0.191 0.001 0.001-44.102
Lactate 0.263 0.273 0.335 1.301 0.762-2.219
ECMO typet 2.082 1.639 0.204 8.022 0.323-199.238
SAPS I 0.009 1.639 0.842 1.009 0.925-1.101
DIC score 1.370 0.619 0.027 3.935 1.170-13.230
Model 2' pH -6.769 4.564 0.138 0.001 0.001-8.810
Lactate 0.214 0.226 0.344 1.238 0.795-1.928
ECMO typet 2.207 1.571 0.160 9.091 0.418-197.604
SAPS I 0.012 0.043 0.782 1.012 0.930-1.101
Overt DIC 3.045 1.379 0.027 21.008 1.408-313.405

*, Hosmo-Lemeshow test, chi-square =4.872 (df =7), P=0.676; T, Hosmo-Lemeshow test, chi-square =3.384 (df =7), P=0.847; 1,venovenous
type vs. other types. Cl, confidence interval; DIC, disseminated intravascular coagulation; ECMO, extracorporeal membrane oxygenation;
OR, odds ratio; SAPS, Simplified Acute Physiology Score; SE, standard deviation.

Table 5 AUC values of pre-ECMO variables for predicting hospital
mortality

Variables AUC values 95% ClI

PT 0.770 0.604-0.935
Platelet 0.715 0.548-0.882
SAPS I 0.771 0.617-0.925
SOFA score 0.745 0.583-0.907
Lactate 0.798 0.655-0.942
DIC score 0.815 0.676-0.954
SOFA plus DIC score* 0.782 0.629-0.934
SAPS Il plus DIC score 0.792 0.649-0.935
DIC score plus lactate 0.879 0.771-0.987
SOFA plus lactate 0.830 0.699-0.962
SAPS Il plus lactate 0.794 0.646-0.942

*, platelet component was removed from SOFA score. AUC,
area under the ROC curves; CI, confidence interval; DIC,
disseminated intravascular coagulation; ECMO, extracorporeal
membrane oxygenation; PT, prothrombin time; SAPS, simplified
acute physiology score; SOFA, sequential organ failure
assessment.

refractory acute respiratory distress syndrome receiving
VV ECMO (29). However, in our study, the majority of
patients were receiving VA ECMO due to circulatory
shock. More interestingly, we found that the combined

© Journal of Thoracic Disease. All rights reserved.
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score of pre-ECMO DIC score plus lactate level had the
best AUC value of all parameters tested; the optimal cut-
off (i.e., 9.35) afforded good sensitivity and specificity.
Our data suggest that pre-ECMO combined scores >9.35
might indicate a poor hospital outcome in patients with
sepsis who are considered for ECMO. Although a complex
score could be difficult to apply in clinical practice, this
is the first report to show that the pre-ECMO DIC score
plus lactate level is predictive in septic shock patients on
ECMO, and this finding deserves particular attention.
Several limitations must be considered when
interpreting our results. First, our patient numbers
were small, and the retrospective nature of the work
may have introduced unidentified bias. Second, a small
portion of patients were treated via VV or VAV ECMO
despite septic shock, which could be associated with
the heterogeneity of the study population. Third, the
study period when data were collected was long. Some
changes in the treatment strategies for patients may
have occurred. Finally, we could not collect detailed
echocardiographic data, which would have strengthened
our findings. In particular, we used our institutional
strategy for commencing ECMO in septic shock patients,
which limited generalisability. Therefore, this should be
considered when interpreting the data. However, to the
best of our knowledge, few data are available for septic
shock patients receiving ECMO; this is the first study
to describe the evolution of the coagulation profiles and

J Thorac Dis 2018;10(3):1418-1430
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Figure 5 ROC curves for pre-ECMO variables to predict hospital death. (A) ROC curves for individual variables; (B) ROC curves for the

combination of variables. ROC, Receiver operating characteristic; DIC, disseminated intravascular coagulation; PT, prothrombin time;

SAPS, Simplified Acute Physiology Score; SOFA, sequential organ failure assessment.

lactate levels in such patients.

Conclusions

The pre-ECMO DIC score was a significant risk factor
for hospital death in patients with septic shock. During the
48 h of ECMO support, the coagulation profiles, DIC
scores, and lactate levels differed significantly between
survivors and non-survivors. Furthermore, the combined
variable pre-ECMO DIC score plus lactate level had the
best AUC value, and combined scores >9.35 might indicate
a poor hospital outcome.
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