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Impact of massive blood transfusion
during adult extracorporeal membrane
oxygenation support on long-term
outcomes: a nationwide cohort study

in Taiwan

Fang-Ting Chen

ABSTRACT

Objectives Bleeding is a common problem during adult
extracorporeal membranes oxygenation (ECMO) support,
requiring blood transfusion for correction of volume
depletion and coagulopathy. The goal of this study is

to investigate the long-term outcomes for adults under
support of ECMO with massive blood transfusion (MBT).
Design Retrospective nationwide cohort study.

Setting Data were provided from Taiwan National Health
Insurance Research Database (NHIRD).

Participants and interventions Totally 2757 adult
patients were identified to receive MBT (red blood cell >10
units) during ECMO support from 2000 to 2013 via Taiwan
NHIRD.

Main outcome measures The outcomes included in-
hospital major complications/mortality, all-cause mortality,
cardiovascular death, newly onset end-stage renal disease
and respiratory failure during the follow-up period.
Results Patients with MBT had higher in-hospital
mortality (65.6% vs 52.1%; OR 1.74; 95% Cl 1.53 to 1.98)
and all-cause mortality during the follow-up (47.0% vs
35.8%; HR 1.46; 95% Cl 1.25 to 1.71) than those without
MBT. Not only higher incidences of post ECMO sepsis,
respiratory failure and acute kidney injury, but also longer
duration of ECMO support, ventilator use and intensive
care unit stay were demonstrated in the MBT group.
Moreover, a subdistribution hazard model presented
higher cumulative of respiratory failure (19.8%vs 16.2%;
subdistribution HR 1.36; 95% Cl 1.07 to 1.73) for the MBT
cohort. Positive dose—dependent relationship was found
between the amount of transfused red blood cell product
and in-hospital mortality. In the MBT subgroup analysis
for the impact of transfused ratio (fresh frozen plasma/
packed red blood cell) on in-hospital mortality, ratio >1.0
had higher mortality.

Conclusions Patients with MBT during ECMO support had
worse long-term outcomes than non-MBT population. The
transfused amount of red blood cell had positive dose—
dependent effect on in-hospital mortality.

INTRODUCTION
Extracorporeal ~membrane  oxygenation
(ECMO) is a life-saving technique applied
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Strengths and limitations of this study

» This study analyses the impact of massive blood
transfusion (MBT) on extracorporeal membranes
oxygenation (ECMO) patients during the long-term
follow-up period.

» This study collected data using the National Health
Insurance Research Database (NHIRD) derived from
the government-operated singer-payer health in-
surance programme, covered nearly whole Taiwan
residents.

» This article provides large-scale, observational re-
sults with control group comparison for multianal-
ysis of short-term and long-term outcome among
patients received MBT during ECMO support.

» The main limitations of this study are that NHIRD
lacks detailed patient information, such physical
status, laboratory data, image reports, intervention
notes and ECMO parameters, which might affect the
bleeding severity.

for mechanical circulatory and respiratory
support for over four decades in the intensive
care field.! ECMO is regarded as a bridge to
cardiopulmonary function recovery, trans-
plantation or other mechanical support
devices for patients with refractory cardiac
failure, severe respiratory failure, extreme
hypothermia, postcardiotomy shock, septic
shock, toxic ingestion or trauma.”® Although
ECMO is effective, high rates of associated
complications and mortality remain to be
debated. Serious complications include
bleeding, neurological damage, infection and
acute kidney injury,* with bleeding statistically
being the most common (30%—-60%).%°
Because of anticoagulation therapy to
prevent thromboembolic events and oxygen-
ator thrombosis, patients under ECMO
supportare atrisk for bleeding.6 Nevertheless,
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membrane oxygenation (ECMO) between
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(n=7.932) Excluded:
2 Missing information
915 Age less than 20 years old
104 Ever hospitalized with ECMO
527 ECMO indication unknown or trauma
Patients eligible for analysis 721 Admitted due to major surgery
(n=5,663)
MassnYe blood Non-MBT
transfusion (MBT) (n=2,906)
(n=2,757) ’
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n=2.972 n=1,015
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n=465 n=1211 n=1885 n=1087 n=407 n=608
Q7.7%)  (72.3%) (634%)  (36.6%) (40.1%)  (59.9%)
Death Death Death Death Death Death
n=311 =190 n=1280 n=444 n=271 n=347
(66.9%)  (65.2%) (67.9%)  (40.9%) (68.1%)  (57.1%)
Figure 1 (A) The inclusion of the study patients. (B) The

proportion of in-hospital mortality in each of the three main
ECMO indications by the presence or absence MBT. CV,
cardiovascular.

red blood cell (RBC) transfusions induce various adverse
complications, such as profound coagulopathy, electro-
lyte/acid-base imbalance, hypothermia, transfusion-
related acute lung injury, infection and acute kidney
injury.”® Massive blood transfusion (MBT) augments the
negative outcomes.’

However, to our knowledge, no previous study has
discussed the long-term outcomes of patients with MBT
during ECMO support compared with a non-MBT group
via a nationwide database. Therefore, this retrospective,
population-based cohort study was designed to eval-
uate the in-hospital morbidity, mortality and long-term
outcomes of adult ECMO patients receiving MBT.

MATERIALS AND METHODS

Data source

We analysed data from The National Health Insurance
(NHI) Research Database (NHIRD), derived from the
government-operated singer-payer NHI programme.
The NHI programme was launched in 1995 and covered
almost all Taiwan residents (99%). In Taiwan, the costs
of all lifesaving procedures, surgeries, medical treatments
and medications were reimbursed in the NHIRD, such as
use of ECMO, cardiac surgery and blood transfusion.'*™"

Study population

This retrospective, population-based cohort study
compared the outcomes between patients who did and
did not receive MBT during ECMO support. MBT was
defined as RBC transfusion of 210 units within a 1 month
period since the application of ECMO."* We reviewed
the hospitalisation records of NHIRD from 1 January
2000 to 31 December 2013. Patients who received ECMO
were identified via the NHIRD procedure code (68036)
and International Classification of Disease, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) procedure code
(39.65)."” Then, we excluded patients with incomplete
data during the follow-up, age younger than 20 years,
previous hospitalisation with ECMO experience, uncer-
tain indication for ECMO, indication for ECMO due to
trauma and admission for major surgery. Finally, a total of
5663 patients were eligible for further analysis (figure 1A).

Comorbidities and outcome

The demographic characteristics, indications and detailed
information of ECMO use were identified by ICD-9-CM
and NHI procedure codes for the index hospitalisation.
A history of bleeding-related disease and other comorbid-
ities were identified via the ICD-9-CM diagnostic codes
for prior hospitalisation. A majority of the ICD-9-CM and
NHI procedure codes were verified in previous studies.'®
The outcomes of interest to this study included in-hospital
complications and outcomes and time-to-event outcomes.
Time-to-event outcomes were all-cause mortality, cardiovas-
cular death (CV), end-stage renal disease (ESRD) or dial-
ysis, and respiratory failure. All-cause mortality was defined
by a withdrawal from the NHIL' Dialysis and respiratory
failure were verified by approval of possessing a catastrophic
illness certificate card." The definition of CV death met the
criteria of the Standardised Definitions for CV and Stroke
Endpoint Events in Clinical Trials drafted by the United
States Food and Drug Administration. All patients were
followed from the index admission until 31 December 2013
or the date of death, whichever came first.

Statistical analysis

The MBT and non-MBT groups were compared by a
propensity score matching (PSM). We matched each
patient from the MBT group with a counterpart from the
non-MBT group. The propensity score was the predicted
probability to be in the MBT group, derived from a given
multivariable logistic regression value of covariates. The
covariates included in propensity score calculation were
age, sex, ECMO indication, bleeding-related diseases or
bleeding history (four items), comorbid conditions (12
items), hospital level, ECMO volume of the hospital and
the index date of admission. The matching was processed
using a greedy nearest neighbour algorithm with a calliper
of 0.2 times the SD of the logit of propensity score and
without replacement and with random matching order. We
checked the quality of matching by using the absolute value
of standardised mean difference (SMD) in which a value of
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less than 0.1 was considered to have negligible difference
between the two groups.

The trend of MBT and in-hospital mortality rate
across the study years (2000-2013) was assessed by
Cochran-Armitage test. The in-hospital complications
and outcomes between the two groups were compared
using linear regression or logistic regression analyses,
which considered the within-cluster correlation of the
same matching pair by introducing the work correlation
matrix of the generalised estimating equation (GEE).
The study group was the only explanatory variable in the
GEE model. After excluding patients who died during the
index admission, we compared the risks of time-to-event
outcomes between the two groups. The risk of all-cause
mortality and the risk of other time-to-event outcomes (ie,
respiratory failure) between the groups were compared
using the Cox proportional hazard model and the Fine
and Gray subdistribution hazard model, respectively; the
latter model considered death as a competing risk. In the
survival analyses, we additionally adjusted the propensity
score to mitigate the confounders between the groups.'
The aforementioned PSM and analyses were further
performed separately on different ECMO indications,
which were classified into postcardiotomy cardiogenic
shock (PCS) or non-PCS.

Finally, the dose-dependent relationship between
the transfused ratio (fresh frozen plasma(FFP)/RBC),
total packed RBC (PRBC) volume, and in-hospital
mortality rate was assessed by a trend test of univariate
logistic regression. A two-sided p<0.05 indicates statistical
significance, and multiple testing (multiplicity) was not
adjusted. All statistical analyses, including the procedures
of ‘psmatch’for PSM, ‘genmod’ for GEE, and ‘phreg’for
survival analyses, were performed using the SAS V.9.4
(SAS Institute).

Patient and public involvement
No patient was involved in this study.

RESULTS

Study population characteristics

A total of 5663 patients who initially received ECMO
between 1 January 2000 and 31 December 2013 (figure 1A)
were categorised into the MBT (n=2757; average age,
59.6 years; males, 69.1%) and non-MBT (n=2906) groups.
Table 1 presents the baseline characteristics of the study
groups. The major indications for ECMO application in
the MBT and non-MBT groups were PCS (68.4%) and CV
reasons (41.7%), such as cardiogenic shock, myocarditis
or acute myocardial infarction, respectively. The types of
cardiac procedures for postcardiotomy were classified as
follows: aortic surgery (15.8%), valve surgery (14.9%),
coronary artery bypass graft (33.0%), valve surgery
combined with coronary artery bypass graft (8.2%) and
others (28.1%). A significant difference was found in
numerous variables between the two groups before PSM,
with an absolute SMD value of >0.1 (table 1, left panel).

However, the group difference was trivial after PSM
(table 1, right panel).

Figure 1B displays the proportion of in-hospital
mortality for the three main ECMO indications according
to the presence or absence of MBT. Patients with MBT had
higher in-hospital mortality rate than those without MBT.
Figure 2 shows the epidemiology of ECMO application
in Taiwan from 2000 to 2013. The volume of ECMO use
increased gradually year by year (p<0.001). PCS remained
the chief indication for ECMO support across the years.
Notably, the proportion of MBT decreased annually
(p<0.001) without an increasing in-hospital mortality rate
over time (p=0.513).

In-hospital mortality and ECMO-related complications

Table 2 displays the in-hospital outcomes of patients with
and without MBT. Compared with the non-MBT group,
the MBT group had a higher in-hospital mortality rate
(65.6% vs 52.1%; OR 1.74; 95% CI 1.53 to 1.98) and
a higher incidence of ECMO-related complications,
including sepsis (OR 1.42; 95% CI 1.21 to 1.67), respi-
ratory failure (OR 1.27; 95% CI 1.11 to 1.45) and acute
kidney injury (OR 2.73; 95% CI 2.37 to 3.13). Longer
durations of ECMO support, ventilator use, intensive care
unit (ICU) stay and hospitalisation stay, as well as a higher
inpatient medical expenditure, were also noted in the
MBT group than in the non-MBT group.

We further performed subgroup analysis according to
ECMO indications, namely, non-PCS and PCS. No signif-
icant difference on the risk of in-hospital mortality was
observed in patients with non-PCS indication (online
supplementary table 1). In addition, the MBT group had
greater risks of sepsis, respiratory failure and acute kidney
than the non-MBT group. In patients with PCS indica-
tion, the MBT had higher in-hospital mortality risks (OR
2.81; 95% CI 2.31 to 3.41) and greater risks of sepsis and
acute kidney injury than its counterpart (online supple-
mentary table 2).

Follow-up outcomes

After excluding patients who died during the index
admission, 653 and 911 patients remained in the MBT
and non-MBT groups, respectively. During a median
follow-up of 1.8 years (IQR 0.3-3.9 years), the MBT group
exhibited a higher all-cause mortality rate than the non-
MBT group (47.0% vs 35.8%, HR 1.46; 95% CI 1.25 to
1.71; figure 3A). In addition, the cumulative incidences
of CVdeath and newly diagnosed ESRD were not signifi-
cantly different between the two groups (figure 3B,C).
Meanwhile, the cumulative incidence of respiratory
failure was higher in the MBT group than in the non-
MBT group (19.8% vs 16.2%; subdistribution HR 1.36;
95% CI1.07 to 1.73; figure 3D)

Subgroup analysis according to ECMO indications,
that is, non-PCS and PCS, was further performed. The
risks of overall mortality after discharge, CV death and
respiratory failure in patients with non-PCS indication
had no significant difference (online supplementary
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Figure 2 The epidemiology of ECMO application in Taiwan
from 2000 to 2013. CV, cardiovascular; ECMO, extracorporeal
membrane oxygenation; MBT, massive blood transfusion.

table 1). However, the MBT group had greater risks of
ESRD during the follow-up. In patients with PCS indica-
tion, the MBT group had higher risks of overall mortality
after discharge (HR 1.63; 95% CI 1.32 to 2.01), CV death
(HR 1.51; 95%CI 1.02 to 2.26) and respiratory failure
(HR 1.60; 95% CI 1.17 to 2.20) than the non-MBT group.
In addition, the risk of ESRD during the follow-up was
not significantly different between MBT and non-MBT
groups among PCS patients (HR 1.57; 95% CI 0.80 to
3.07) (online supplementary table 2).

e
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i
Follow-up years
No. atrisk: No. atrisk: pye

X

Figure 3 Propensity score adjusted (fitting) survival of (A)
all-cause mortality, (B) cardiovascular death, (C) new-onset
ESRD and (D) respiratory failure in the MBT and non-MBT
groups in patients who survived the index ECMO admission.
ECMO, extracorporeal oxygenation; ESRD, end-stage renal

disease; MBT, massive blood transfusion.

Effect of blood transfusion amount and transfusion ratio on
in-hospital mortality

Figure 4A illustrates the dose-dependent relationship
between the transfused ratio (FFP/RBC) and in-hospital
mortality risk. The cut-off points of the ratio were set as
0.5 and 1.0. Group 3 (ratio >1.0) had a higher in-hospital
mortality than group 1 (ratio <0.5; 75.2% vs 64.6%; OR

Table 2 In-hospital complications and outcomes in the propensity score matched cohort
Total MBT Non-MBT MBT versus non-MBT
Outcome (n=3800) (n=1900) (n=1900) B/OR (95% CI) P value
Categorical parameter
In-hospital mortality 2236 (58.8) 1247 (65.6) 989 (52.1) 1.74 (1.53 to 1.98) <0.001
New-onset stroke 196 (5.2) 98 (5.2) 98 (5.2) 1.00 (0.75 to 1.34) 1.000
New-onset ischaemic stroke 139 (3.7) 64 (3.4) 75 (3.9) 0.85 (0.61t0 1.19) 0.344
New-onset haemorrhagic stroke 62 (1.6) 34 (1.8) 28 (1.5) 1.22 (0.74 to 2.03) 0.439
Sepsis 808 (21.3) 458 (24.1) 350 (18.4) 1.42 (1.21 to 1.67) <0.001
Fasciotomy or amputation 44 (1.2) 31 (1.6) 13 (0.7) 2.39 (1.25 to 4.56) 0.009
Respiratory failure 1843 (48.5) 976 (51.4) 867 (45.6) 1.27 (1.11 to 1.45) <0.001
Acute kidney injury 1752 (46.1) 1108 (58.3) 644 (33.9) 2.73 (2.37 t0 3.13) <0.001
Continuous parameter
PRBC amount 13.2+13.7  22.3+14.1 41+£3.1 18.17 (17.52 to 18.82) <0.001
FFP amount 9.5+15.8 16.2+19.4 2.8+55 13.39(12.49 to 14.29) <0.001
Platelet amount 29.7+41.2 50.4+47.8 9.1+16.2 41.31 (39.03 to 43.58) <0.001
ECMO support duration (days) 3.6+£3.7 4.7+4.1 2.5+2.9 2.19 (1.97 to 2.41) <0.001
Ventilator (days) 13.8+16.4 16.8+17.1  10.8+15.0 5.95 (4.92 to 6.98) <0.001
ICU duration (days) 15.4+16.7 18.5£17.6 12.3x15.3 6.11 (5.06 to 7.16) <0.001
Hospital stays (days) 22.6+18.9 24.8+18.8 20.5+18.8 4.24 (3.06 to 5.42) <0.001
Inpatient medical expenditure (NTD x10% 85.8+66.6 103.1+66.9 68.5+61.7 34.61 (30.63 to 38.59) <0.001

Continuous data were expressed as mean+SD and categorical data were presented as frequency and percentage.
B, regression coefficient; ECMO, extracorporeal membranes oxygenation; FFP, fresh frozen plasma; ICU, intensive care unit; MBT, massive
blood transfusion; NTD, New Taiwan Dollar; PRBC, packed red blood cells.
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FFP/PRBC ratio <0.001
Group 1 (<0.5) 696 /1077 Reference
Group 2 (0.5~ 1) 750/ 1119 1.11 (0.93, 1.33) 0.236
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PLT/PRBC ratio 0.893
Group 1 (<0.5) * 186 /277 Reference
Group 2 (0.5~ 1) —r— 366 /532 1.08 (0.79, 1.47) 0.633
Group3 (> 1) —— 1,316/ 1.02 (0.78, 1.33) 0.892
[  S—

06 10 14 18
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Figure 4 The dose-dependent relationship between (A)
the transfused ratio (FFP/PRBC), (B) total PRBC volume and
(C) the transfused ration (PLT/PRBC) and risks of in-hospital
mortality. FFP, fresh frozen plasma; PRBC, packed red blood
cell; PLT, platelet.

1.66; 95% CI 1.32 to 2.09). Furthermore, the effect of
the transfused amount of RBCs on in-hospital mortality
was also examined in the subgroup analysis (figure 4B).
However, the platelet to RBC transfusion ration had no
correlation with in-hospital mortality risk (figure 4C).

The actual transfused units of RBC were equally sorted
into four categories, revealing that the greater the volume
of transfused RBC, the higher the in-hospital mortality
rate (p for trend <0.001). For the third and fourth quar-
tile groups, 60.8% and 70.5% of patients died during the
index hospitalisation, respectively.

DISCUSSION
Using the Taiwan National Database, this study aimed
to compare the long-term outcome of patients receiving
MBT during ECMO support with that of patients who
did not receive MBT. Patients with MBT had higher
in-hospital mortality (47.0%) and all-cause mortality
(19.8%) during the follow-up and had a higher risk of
ECMO-related complications, such as sepsis, respiratory
failure and acute kidney injury, than those without MBT.
A higher cumulative incidence of respiratory failure was
also found among MBT patients after index admission.
Furthermore, the amount of transfused RBCs had a posi-
tive dose-dependent effect on in-hospital mortality.
Bleeding requiring blood transfusion is a common
adverse complication of ECMO support. Intraoperative
use of cardiopulmonary bypass with high heparinisation
level, reduced platelet count, consumptive coagulopathy,
haemolysis, therapeutic hypothermia and haemodilution
might enhance the bleeding problem of patients with
PCS under ECMO support.”’ Rastan et al indicated that
more than half of postcardiotomy patients with ECMO

support even needed rethoracotomy because of refrac-
tory, excessive bleeding; these patients statistically had
received perioperative RBC transfusion with up to 13
units during the first 48 hours.”'

In the case of serious bleeding, RBC transfusion would
be necessary and indicated. Bleeding is one of the leading
causes of mortality for patients receiving ECMO.** RBC
transfusion might increase the incidence of ECMO-
related morbidity and in-hospital mortality. Lo Pinto et
al concluded that RBC transfusion might be interrelated
with higher ICU mortality and other severe complica-
tions, including acute renal failure, thromboembolic
events and sepsis.”” According to several studies, in-hos-
pital mortality is significantly higher in patients with
larger amounts of RBC transfusion.** *> According to our
results, in-hospital mortality was high for patients under
any indication for ECMO support with massive RBC trans-
fusion (figure 1B). Furthermore, patients with MBT had
a significantly higher incidence of associated complica-
tions, such as sepsis, respiratory failure and acute kidney
injury.

Acute lung injury due to MBT could be classified into
transfusion-related acute injury (TRALI) and transfusion-
associated circulatory overload.”® TRALI remains the
major cause of transfusion-related mortality (37%), and
the incidence varies with plasma (0.008% per unit) and all
blood products (0.004% per unit).?” In addition, ECMO
itself may also be a deleterious factor of lung function for
patients indicated for ECMO because of acute respiratory
distress syndrome.*® *

The amount of transfused RBC influences the in-hos-
pital mortality.” *" Furthermore, Smith et al stated that
each transfused RBC volume of 10 mL/kg/day of ECMO
would contribute to a 24% increase in the odds of in-hos-
pital mortality.” This finding is consistent with our study;
the actual transfused RBC volume was positively associ-
ated with in-hospital mortality.

Meanwhile, MBT with a high FFP-to-PRBC ratio has
benefits of lower mortality and better clinical outcomes
in patients with trauma.” However, another concept
has been declared that a high FFP-to-PRBC ratio does
not lead to a significant difference in 24 hours or 30-day
mortality compared with a lower ratio (1:1 vs 1:2).** For
patients without trauma but with severe bleeding, a high
transfusion FFP-to-PRBC ratio of greater than 1:2 might
be appropriate for patients with trauma; however, this
ratio seems not to have a positive impact on mortality
rate in patients without trauma.” * In our study, a greater
transfused amount of FFP was generally required in more
serious coagulopathy situations with refractory bleeding
and a worse prognosis. Therefore, MBT with a higher
ratio (FFP-to-PRBC 21.0) might result in a higher in-hos-
pital mortality rate for patients under ECMO support.
Considering the limited evidence, further research is
needed to determine the ideal MBT ratio for patients
under ECMO support.

Platelet dysfunction during ECMO support had been
investigated with several possible mechanisms, such as
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enhanced platelet activation related to high shear stress,
platelet adhesion/activation problem induced by an arti-
ficial extracorporeal circuit, and reduced binding of von
Willebrand factor to platelet.’ * * However, information
about the suggested platelet transfusion strategy in clin-
ical practice for ECMO patients is still limited. Only few
investigations on paediatric patients under ECMO use indi-
cated that a larger volume of platelet transfusion is associ-
ated with a higher risk for mortality and coagulopathy.® *’
Further studies for the outcomes of adult ECMO patients
with platelet transfusion are required in the future.

In our study, patients with MBT during ECMO support
had a higher cumulative incidence of respiratory failure
after index hospitalisation during a follow-up. Blood trans-
fusion and ECMO application could lead to pulmonary
dysfunction in different ways. However, evidence on the
relationship between MBT and respiratory failure after
discharge remains unavailable. Thus, further research is
necessary to investigate the possible mechanism of devel-
oping respiratory failure following index hospitalisation
among patients with MBT.

Further analysis of the effect for different ECMO indi-
cations (PCS and non-PCS) on MBT proportion, in-hos-
pital complication/mortality and cumulative incidences
of adverse events after index hospitalisation are displayed
in online supplementary tables 1 and 2. As for non-PCS
population, no significant influence was observed on
in-hospital mortality, cumulative incidence of all-cause
mortality and respiratory failure after index hospitalisa-
tion, except for new-onset ESRD. In contrast, the PCS
group had significant difference among in-hospital
mortality, and cumulative incidence of negative events
following index hospitalisation, excluding new-onset
ESRD. Consequently, PCS patients not only were the main
two-third resource of the MBT group but also dominantly
affect both short-term and long-term outcomes.

Limitation

First, the features of the cohort study limited this study.
Although this study was based on the NHIRD, which
covers nearly the entire population of Taiwan, detailed
patient information, such as vital signs, physical exam-
ination results, exact dosage of medication, laboratory
examination data, clinical image reports and surgery/
procedure notes, were not recorded in the NHIRD.
Therefore, we could not identify the severity of bleeding
status, definite anticoagulation strategies, ECMO setting,
bleeding site, exact timing of blood transfusion and the
actual amount of transfused blood/kilogram/day. The
important parameters of ECMO, such as cannula size,
cannula insertion site (central or peripheral), speed of
the centrifugal pump and support mode (veno-venous,
veno-arterial or switch one from the other), are factors
reportedly associated with various outcomes. The exact
dose of anticoagulation drugs and the severity/site of
bleeding may also affect the morbidity and mortality
among these patients. The patient cohort included
patients with different risk profile with respect to the

bleeding complications. Nevertheless, we could hardly
get access to the all risk profile for analysis from NHIRD.

Second, the NHI data after 2013 (data of 2018 are avail-
able soon in March or April 2020) are available only in the
National Health Informatics Project, which is managed by
Health and Welfare Data Science Center. Our available
data source was NHIRD, which was maintained by the
National Health Research Institutes, but it was no longer
updated after 2013. Therefore, we could only acquire
legal access to analyse data during the period between
2000 and 2013. However, the trend of number, propor-
tion of indications and outcomes for ECMO use might
change with time. Hence, further relevant research with
updated data is needed.

Third, the annual growth of ECMO use is also an
interesting point. However, under the reimbursement
regulation, the ECMO application is liberal without
consideration on medical cost. Furthermore, the vali-
dation and effectiveness of ECMO in Taiwan have been
examined by numerous retrospective articles.'” *!

CONCLUSION

Patients with MBT during ECMO support had a worse
outcome than the non-MBT population. Higher risks of
in-hospital mortality and all-cause mortality were noted
among the MBT patients. The incidences of postECMO
complications, such as sepsis, respiratory failure and acute
kidney injury, also were higher in the MBT group. More-
over, a positive dose—dependent relationship was noted
between the amount of transfused RBC and in-hospital
mortality.
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