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Liver Dysfunction Associated With In-Hospital
Mortality in Adult Extracorporeal Membrane

Oxygenation Support

OBJECTIVES: Extracorporeal membrane oxygenator support is a powerful clin-
ical tool that is currently enjoying a resurgence in popularity. Wider use of extra-
corporeal membrane oxygenator support is limited by its significant risk profile and
extreme consumption of resources. This study examines the role of markers of
liver dysfunction in predicting outcomes of adult patients requiring extracorporeal
membrane oxygenator support.

DESIGN: Retrospective review.
SETTING: Large extracorporeal membrane oxygenator center, Chicago, IL.

PATIENTS: This study reports a single institution experience examining all adult
patients for whom extracorporeal membrane oxygenator support was used over
an 8-year period. Data were collected regarding patient demographics, details of
extracorporeal membrane oxygenator support provided, laboratory data, and out-
comes. Trends in liver function were examined for their ability to predict survival.

INTERVENTION: Extracorporeal membrane oxygenator support, critical care.

MEASUREMENTS AND MAIN RESULTS: Mean age was 50 years (range,
19-82 yr). There were 86 male patients (56.6%) and 66 female patients (43.4%).
Indications for initiation of extracorporeal membrane oxygenator support included
cardiac 76 patients (50.0%), respiratory 48 patients (31.6%), extracorporeal car-
diopulmonary resuscitation 21 patients (13.3%), and combined cardiac/respira-
tory seven patients (4.6%). Mean duration of extracorporeal membrane oxygenator
support was 17 days (range 1-2283 d) or median 8 days (interquartile range, 4-17
d). Overall, in-hospital mortality was 56% (86/152). Forty-five percent of adult
patients (68/152) surpassed at least one of the following established liver dys-
function thresholds: total bilirubin greater than 15 mg/dL, aspartate aminotransfer-
ase greater than 20x upper limit of normal, and alanine aminotransferase greater
than 20x upper limit of normal. The multivariable logistic analysis yielded three
significant findings associated with in-hospital mortality: highest total bilirubin
greater than 15 (adjusted odds ratio = 4.40; 95% ClI, 1.19-21.87; p =0.04), age
(adjusted odds ratio = 1.03; 95% CI, 1.00—1.05; p = 0.04), and highest lactate
(adjusted odds ratio = 1.15; 95% ClI, 1.06-1.26; p = 0.002).

CONCLUSIONS: Increases in age, highest total bilirubin, and lactate all corre-
lated with in-hospital mortality in multivariable analysis of patients requiring extra-
corporeal membrane oxygenator support.

KEY WORDS: extracorporeal membrane oxygenator; liver dysfunction; mortality;
outcomes

clinical tool that is currently enjoying a resurgence in popularity. Its lure

is an ability to rescue the sickest of patients, though, only in a proportion
of cases. Wider use of ECMO is limited by its significant risk profile (1, 2) and
extreme consumption of resources (3-6).

Extracorporeal membrane oxygenator (ECMO) support is a powerful
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As the use of ECMO grows in popularity, clinically
predictive variables will be necessary in order for pa-
tient selection to progress in a meaningful manner.
There is a paucity of data in this area currently (7,8).
Standard indicators such as liver function tests, known
for their role in prognostication across many areas of
medicine (9, 10), remain undefined in the ECMO pop-
ulation (11).

Prognostication with liver function tests in real time
may be difficult, since there is a significant lag phase
between liver injury and laboratory manifestations
(12-14). The few existing studies in the literature that
do examine liver function prognostication in ECMO
currently report conflicting findings (15-19). This is an
important piece of information in critically ill patients,
since the failing liver is an organ that is not easily sup-
ported mechanically or with drugs.

In this study, we examine the association between
markers of liver dysfunction and outcomes of adult
patients requiring ECMO support. This may help
guide/inform care of patients with liver dysfunction
who are supported by ECMO.

METHODS

All investigations were approved by the Rush
University Medical Center Institutional Review Board
and had been conducted in compliance with its pre-
scribed guidelines.

This study reports a single institution experience
examining all adult patients for whom ECMO support
was used. All consecutive patients over an 8-year period
(2011-2019) were included in the study (if at any point
supported by ECMO during hospital admission) with no
patients excluded. Data were collected regarding patient
demographics, details of ECMO support provided, labo-
ratory data, and outcomes. Trends in liver function were
examined for their ability to predict survival.

Rush University Medical Center is a quaternary
hospital facility with established pediatric and adult
ECMO programs. It is an Extracorporeal Life Support
Organization (ELSO) designated “ECMO Center of
Excellence”

All ECMO care was provided in a dedicated car-
diac surgery ICU. The ECMO service-line is headed
and operated by the Division of Cardiac Surgery and
implemented through an inclusive, multidisciplinary
approach. This evolved over time, after introduction of
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hollow fiber oxygenators (Quadrox; Maquet, Rastatt,
Germany) and expansion of adult ECMO in 2011.
Two full-time, dedicated ECMO coordinators ensured
uniformity in protocol, specialist training, and overall
implementation of clinical care. Intersurgeon practice
differences were minimized through a deliberate effort
to standardize care and implement a coordinated mul-
tidisciplinary plan, daily. Full-time cardiac surgery
ICU nurses, additionally trained as ECMO specialists,
provided direct bedside ECMO circuit monitoring at
all times. A bedside ECMO specialist was present in
addition to each patient’s primary cardiac ICU nurse
and in conjunction with the availability of cardiac per-
tusion for backup and consultation. All cannulation,
circuit changes, and other procedures as appropriate
were performed with perfusionists at the bedside.

Prior to November 15, 2015, Centrimag (Thoratec
Corporation, Pleasanton, CA) centrifugal pumps
were used and the Revolution (Sorin, Milan, Italy)
or CardioHelp (Maquet, Rastatt, Germany) after
November 15, 2015. Additional circuit components in-
cluded the Quadrox oxygenator (Maquet), Carmeda-
coated tubing (Medtronic, Minneapolis, MN),
Biomedicus arterial/venous cannulae (Medtronic),
and BioTrend (Medtronic) venous saturation/hemat-
ocrit monitoring system. IV heparin (5,000 units) was
administered 5 minutes before cannulation.

Uniform data on all ECMO patients were prospec-
tively collected and reported through the ELSO reg-
istry by two full-time ECMO coordinators. Additional
data were collected to supplement information gath-
ered for the ELSO registry. Data collected included
demographic characteristics, technical ECMO data,
laboratory data, and outcomes data.

Relevant data related to liver function was collected
for aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alkaline phosphatase (ALP), total
bilirubin, albumin, international normalized ratio
(INR), and lactate. For each variable, two values were
collected: 1) the value immediately preceding cannula-
tion and 2) the highest (lowest for albumin) observed
value throughout the course of ECMO support. In
addition to standard collection of liver function data as
continuous variables, several binary metrics were used.
Total bilirubin greater than 15 (mg/dL) was considered
elevated as per established ELSO standards (20). AST,
as well as ALT, was additionally evaluated when 20x
greater in value than the upper limit of normal. This
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is consistent with established, defined criteria of shock
liver and ischemic hepatitis (14, 21, 22). INR greater
than 1.5 was used to signify an elevated value and sep-
arately evaluated (23).

For descriptive data, continuous variables were
expressed as the mean + sp or median and inter-
quartile range (IQR), depending on whether the data
fit a normal distribution; categorical variables were
expressed as numbers and percentages. Univariable lo-
gistic regression was employed to determine the associ-
ations between liver function variables and in-hospital
mortality. Multivariable logistic regression modeling
was performed to identify liver function variables
that were independently associated with in-hospital
mortality. The C-statistic and Hosmer-Lemeshow
goodness-of-fit tests were used to assess the logistic
regression model’s discrimination and calibration. All
statistical tests were two tailed, and a p less than 0.05
was considered statistically significant. All statistical
analyses were performed using R statistical software
(Version 4.0.3, R Foundation, Vienna, Austria).

RESULTS

A total of 152 patients received ECMO support dur-
ing the 9-year study period. The number of patients
annually receiving ECMO support increased relatively
rapidly once the program became established.

Selected patient characteristics are summarized
in Table 1. Mean age was 50 years (range, 19-82 yr).
There were 86 male patients (56.6%) and 66 female
patients (43.4%). Indications for initiation of ECMO
support included cardiac 76 patients (50.0%), respira-
tory 48 patients (31.6%), extracorporeal cardiopulmo-
nary resuscitation 21 patients (13.3%), and combined
cardiac/respiratory seven patients (4.6%). Mean dura-
tion of ECMO support was 17 days (range, 1-223 d)
or median 8 days (IQR, 4-17 d). Overall, in-hospital
mortality was 56% (86/152). Bleeding as a complica-
tion was observed in the following distribution: can-
nulation site 32 patients (21.1%), gastrointestinal 23
patients (15.1%), surgical site 18 patients (11.8), dis-
seminated intravascular coagulation five patients
(3.3%), and brain four patients (2.6%).

Specific liver function data for albumin, total bili-
rubin, ALT, AST, ALP, lactate, and INR are described
below and summarized in Table 2. Albumin (g/dL)
preceding initiation of ECMO, mean of 2.1, sD + 0.7;
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lowest albumin (g/dL), mean of 1.6, sD * 0.4; initia-
tion total bilirubin (mg/dL), median of 1, IQR 0.7-2;
highest total bilirubin (mg/dL), median of 4, IQR
2.3-10; patients with highest total bilirubin greater
than 15 (mg/dL), n equals to 26 (17.1%); initiation
ALT (U/L), median of 51, IQR: 21-174; highest
ALT (U/L), median of 185, IQR 63.8-1,053; patients
with highest ALT greater than 20 times upper end
of normal, n equals to 44 (28.9%); initiation AST
(U/L), median = 100, IQR 44.5-431; highest AST
(U/L), median of 420, IQR 159.2-2,654; highest AST
greater than 20 times upper end of normal, n equals
to 59 (38.8%); initiation ALP (U/L), median of 77,
IQR 49-114; highest ALP (U/L), median of 140,
IQR 89-230; initiation lactate (mmol/L), 7.1 + 5.7;
highest lactate (mmol/L), 9.7 + 6.5; initiation INR,
median of 1, IQR 1.1-2; highest INR, median of 2,
IQR 1.4-3; and number of patients with highest INR
greater than 1.5, n equals to 106 (69.7%).

Forty-five percent of adult patients (68/152) sur-
passed at least one of the following established liver
dysfunction thresholds: total bilirubin greater than
15mg/dL, AST greater than 20x upper limit of normal,
and ALT greater than 20x upper limit of normal.

In the initial univariable model of data analysis, a sig-
nificant correlation with hospital mortality was identi-
fied in the following: age, highest total bilirubin greater
than 15, highest ALT greater than 20x upper normal,
highest AST greater than 20x upper normal, highest
INR greater than 1.5, lowest albumin, and highest lac-
tate. Additional details are presented in Table 3.

The final multivariable analysis yielded three variables
that independently associated with mortality. Highest
total bilirubin greater than 15 was associated with a
4.40-fold increase in the odds of in-hospital death after
adjusting for other factors (adjusted odds ratio [OR] =
4.40; 95% CI, 1.19-21.87; p = 0.04). The association be-
tween age and in-hospital mortality was also statistically
significant when adjusting for other factors: a 1-year in-
crease in age was independently associated with a 3%
odds increase (adjusted OR = 1.03; 95% CI, 1.00-1.05; p
= 0.04) of in-hospital death. In addition, each one-unit
increase in the highest lactate was associated with a 15%
odds increase (adjusted OR = 1.15; 95% CI, 1.06-1.26;
p =0.002) of in-hospital death (Table 3 and Fig. 1). The
final model demonstrated good calibration and dis-
crimination (Hosmer-Lemeshow goodness-of-fit test: p
=0.22; C-statistic = 0.84).
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TABLE 1.
Selected Baseline Characteristics

Mean * sd, Median

Characteristics (IQR), or n (%)

Total number of patients 152 (100.0)
Age, yr 50t 16
Male 86 (56.6)
Indications
Extracorporeal cardiopulmonary 21 (13.8)
resuscitation
Respiratory 48 (31.6)
Cardiac 76 (50.0)
Respiratory/cardiac 7 (4.6)
Extracorporeal membrane 8 (4-17)
oxygenator days
Bleeding
Cannulation site 32 (21.1)
Gastrointestinal 23 (15.1)
Surgical site 18 (11.8)
Disseminated intravascular 5 (3.3)
coagulation
Brain 4 (2.6)
In-hospital mortality 86 (56.6)

QR = interquartile range.

Using mean + sp or median (IQR) depends on whether the data
distribution is normal or not; Skewed data were presented in me-
dian (IQR) to reduce the effect of extreme values.

DISCUSSION

Liver function is a proven prognostic indicator across a
wide range of clinical applications, surgical and medical.
As such, it merits contemporary evaluation in the rap-
idly expanding arena of ECMO support for critically ill
patients. Several recent studies, similar in size and scope
to our own, also attempt to characterize a prognostic role
for liver function in guiding ECMO care for patients (15—
18). To date, findings regarding this topic remain mixed
with no clear, unifying trend identified among reports
in the literature. It is also important to keep in mind that
at the time of initiation of ECMO, liver function may be
very difficult to quantify, objectively. Based on current
testing methods, the first set of liver function tests at the
time of ECMO initiation are often normal.
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TABLE 2.
Liver Function Variables

Mean * sd,

Variables Median (IQR)or n (%)
Initiation albumin 2.1+0.7
Lowest albumin 1.6+0.4
Initiation total bilirubin 1 (0.7-2)
Highest total bilirubin 4 (2.3-10)
Highest total bilirubin > 15 26 (17.1)
Initiation ALT 51 (21-174)
Highest ALT 185 (63.8—-1,053)
Highest ALT > 20 times upper end 44 (28.9)

of normal
Initiation AST 100 (44.5-431)
Highest AST 420 (159.2-2,654)
Highest AST > 20 times upper end 59 (38.8)

of normal
Initiation ALP 77 (49-114)
Highest ALP 140 (89-230)
Initiation lactate 71 5.7
Highest lactate 9.7+£6.5
Initiation INR 1(1.1-2)
Highest INR 2 (1.4-3)
Highest INR > 1.5 106 (69.7)

ALP = alkaline phosphatase, ALT = alanine aminotransferase,
AST = aspartate aminotransferase, INR = international normalized
ratio, IQR = interquartile range.

In examining our own data, we found that the results
among the initial univariable analyses were much as
we had anticipated. Age, highest total bilirubin, high-
est ALT greater than 20x upper normal, highest AST
greater than 20x upper normal, highest INR greater
than 1.5, lowest albumin, and highest lactate all corre-
lated with increased mortality. It is notable that highest
ALP demonstrated essentially no correlation. With the
exception of albumin, all correlations were also very
highly statistically significant.

In our final, multivariable model, most of these
same factors failed to achieve statistical significance
except for age, highest total bilirubin greater than 15,
and lactate level. This may be related to ALT and AST
levels being related to acute liver injury only. Increased
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TABLE 3.

Univariable and Multivariable Logistic Regression for In-Hospital Mortality

Unadjusted OR (95% CI) (Univariable Adjusted OR (95% CI) (Multivariable

Variables

Age
Male
Highest total bilirubin > 15

Highest alanine aminotransferase
> 20 times upper end of normal

Highest aspartate aminotransferase
> 20 times upper end of normal

Highest international normalized
ratio > 1.5

Lowest albumin
Highest alkaline phosphatase
Highest lactate

Regression Analysis Results)

1.03 (1.00-1.05; p=0.019)
0.96 (0.50-1.84; p=0.91)
7.67 (2.561-33.48; p < 0.019)
5.22 (2.32-13.03; p<0.019)

6.32 (3.00-14.25; p<0.019)
3.65 (1.78-7.69; p < 0.01?)

0.42 (0.19-0.89; p = 0.03%)
1.00 (1.00-1.00; p = 0.81)
1.22 (1.18-1.32; p< 0.01%)

Regression Analysis Results)

1.03 (1.00-1.05; p = 0.049)
1.19 (0.52-2.78; p = 0.68)
4.40 (1.19-21.87; p=0.049)
1.562 (0.25-7.91; p=0.62)

2.60 (0.61-13.82; p=0.22)
0.83 (0.31-2.13; p=0.69)

0.44 (0.15-1.16; p=0.11)
1.00 (1.00-1.00; p = 0.09)
1.15 (1.06-1.26; p = 0.002?)

OR = odds ratio.
dIndicates statistical significance.

mortality associated with age is an expected finding,
and its presence in statistically significant form sug-
gests that the study is not entirely underpowered—
which is a concern with current ECMO studies limited
by patient numbers.

Our finding of highest total bilirubin greater than
15mg/dL predicted mortality with a corresponding
OR of 4.4. The prognostic utility of total bilirubin has
been adequately described and consistently supported
in the pediatric ECMO literature at this threshold
(> 15mg/dL), and it is an established reporting vari-
able in the ELSO database (20).

Highest lactate was the only other statistically sig-
nificant liver-related predictor in our final multivari-
able model. Each 1 mmol/L increase in highest lactate
was associated with a 15% probability increase of in-
hospital death after adjusting for other factors.

Our findings corroborate some, but not all, reports
found in the literature. It is worth examining liver
function data from our study in conjunction with re-
cent, similar studies from the literature (15).

Masha et al (16) conducted a retrospective institu-
tional database query. They found that elevations in
either bilirubin or lactate correlated with increased
mortality in multivariable analysis. AST, ALT, and
ALP failed to predict mortality in multivariable
modeling. Of the markers evaluated, ALP demon-
strated the least correlation with mortality, failing
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to achieve statistical significance even in initial uni-
variable analysis. The authors observed that no pa-
tient survived with a peak serum bilirubin greater
than 30mg/dL (n = 21). Based on this observation,
they suggested serum bilirubin greater than 30 mg/
dL to be “a clear and significant indicator of death.”
Similarly, they observed that even as a univariable
factor, a 90% mortality threshold was observed
using a serum bilirubin cutoff value of greater than
11 mg/dL. Elevations in bilirubin occur a few days
after liver injury and cannot be used in the acute
and early phase of ECMO support as a prognostic
indicator.

Although not specifically part of our original study
design, we briefly reexamined our data for compar-
ison with the study by Masha et al (16). Within our
own data, we noted 13 patients (8.5%) with a recorded
total bilirubin greater than 30mg/dL. Of these 13,
three patients (23.1%) survived. Of the three surviving
patients, two represented venovenous ECMO and one
venoarterial ECMO. When using the study by Masha et
al (16) “greater than 11 mg/dL” threshold, we identified
32 such patients (21.1%) within our study. Of the 32,
28 (87.5%) were never discharged from the hospital.
This is comparable with the 90% mortality threshold
observed by Masha et al (16).

Findings reported by Roth et al (17) differ from
the findings reported by Masha et al (16). Roth et al
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Risk Factor

Multivariate Logistic Regression for In-hospital Mortality

Age .

Sex —_—.

Highest Total Bili>15 L A—|

Highest ALT>20 Normal

Highest AST>20 Normal I -

Highest INR>1.5 P

Lowest Albumin e

Highest ALP [ ]

Highest Lactate ‘H
T T T T T T T
3 2 1 0 1 2 3

of mortality. However,

all-cause mortality rates
Log OR (95% ClI val . . . .
WORERREN | e did not significantly dif-
0020009 %0427 | fer across different mod-
0.18 (-0.65,1.02) 0678 ified Child-Pugh scores.
1.48 (0.17, 3.09) 004 * Clearly, the mechanism of
042 (137 207 0622 liver dysfunction is very

important in delineating
0.96 (-0.49, 2.63) 0217 - . ]

which patients might ben-
LI OTe - 06% efit and identifying those
-0.83 (-1.87, 0.15) 0.105 that Wou].d not.

0(0.0) 0093 Reports in the litera-

0.14 (0.05,0.23) 0.002 * ture, as well as our data

presented in this study, are

all likely limited in power

Figure 1. Multivariable logistic regression model for in-hospital mortality. Odds ratios (ORs) have
been log transformed. ‘Indicates statistical significance. ALP = alkaline phosphatase, ALT = alanine
aminotransferase, AST = aspartate aminotransferase, INR = international normalized ratio.

(17) observed that ALP and total bilirubin were strong
predictors of 30-day mortality in ECMO patients.
Furthermore, ALP and total bilirubin remained pre-
dictive of long-term mortality as well. However, nei-
ther AST nor ALT was found to predict mortality. Low
albumin levels were associated with long-term mor-
tality, but not short term.

Ortiz et al (18) observed that an elevation of liver
enzymes occurred in 65% of patients, roughly half of
which (47%) had criteria of hypoxic hepatitis (20x
normal). Two thirds of study patients demonstrated
normalization of elevated enzymes within 5 days of
ECMO initiation. None of these findings, including
AST, ALT, 20x normal AST, and 20x normal ALT,
were statistically significant in predicting outcomes.
Ultimately, though, meaningful interpretation of the
role of liver enzymes was likely difficult due to limited
study power. Liver enzymes may also be difficult to in-
terpret acutely, due to the delayed rise following liver
injury which runs from 24 to 36 hours.

Although not a direct analysis of specific serum liver
function laboratory values, Chou et al (24) examined
outcomes in ECMO patients with liver cirrhosis. These
patients were drawn from the entire national database
of Taiwan, with numbers being sizeable, producing
233 cirrhotic patients supported by ECMO. Not sur-
prisingly, cirrhosis was associated with a higher risk of
in-hospital mortality, 76.4% versus 60.7% in the noncir-
rhotic. Age was also a statistically significant predictor
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to meaningfully separate
differences among mul-
tiple, similar metrics of
liver dysfunction. Looking
at our own data, we saw an extremely strong trend
among univariable data whereby liver function values
uniformly predicted mortality. Most p values were
less than 0.0001. We expected to observe strong cor-
relation in the univariable data, though, not to such a
high degree. We were surprised, however, to observe
that our final multivariable model entirely elimi-
nated a majority of the liver metrics as nonpredictive.
Undoubtedly, greater patient numbers will be neces-
sary to adequately power future studies. Though, as we
have seen with the studies discussed above, as well as
our own, even modestly powered studies can identify
relevant associations. Once much larger patient num-
bers do become available, it will be interesting to bet-
ter understand the role of statistical collinearity in a
“family” of such similar variables as serum measure-
ments of liver injury. Likely recognizing this issue,
some studies have also examined ratios of liver injury
markers (17, 25-28).

The degree of reversibility of liver dysfunction is key.
This is important to understand which types of acute
liver decompensation might be reversed with circula-
tory support using ECMO.

Our study attempts to contribute to the growing
body of data evaluating liver function and prognos-
tication in ECMO patients. With each passing year,
worldwide trends indicate that ECMO is achieving
greater acceptance and corresponding increases in its
clinical utilization. It is anticipated that with this trend
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in ECMO, numbers will continue to grow, making
available more and improved data to define how liver
injury markers can guide clinical care.

Effective stewardship of ECMO as a costly resource
will require that proper patient selection is guided by
a correct understanding of risk. At the most funda-
mental level, it is anticipated that future studies will
identify a threshold level (or pattern) of liver injury
to establish contraindications to: 1) initiating ECMO
support and 2) prolonging existing ECMO support.
Clinicians are already accustomed to the paradigm of
avoiding futility once profound disease progression
has been demonstrated. Yet, because ECMO patients
(or candidates) can quite rapidly escalate from mod-
erate to exceedingly high-risk, the ability to glean ad-
ditional information from liver injury markers would
be helpful. Aberrations in liver function could poten-
tially be well suited to signal imminent clinical dete-
rioration, both rapidly and early. Patients correctly
identified to be on the threshold of “just sick enough”
to benefit from ECMO support might have their odds
of survival optimized if ECMO is initiated at the ear-
liest appropriate time. The potential benefits of such
a strategy—sometimes ruling-in patients—is worth
exploring. Finally, other applications of liver injury
markers could include establishing indicators of when
and how artificial liver support systems are to be initi-
ated as an adjunct to ECMO in a fashion similar to
dialysis (29, 30).

This study has several limitations. It is a single-cen-
ter study and retrospective in nature. The liver function
tests at the time of ECMO initiation can be misleading
and normal. Our study does not claim to address that.
This study is an attempt to provide pointers to aid deci-
sion-making in ECMO patients with liver dysfunction.
Also, relatively low patient numbers in this experience
may limit statistical inferences.

CONCLUSIONS

Increases in age, highest total bilirubin, and lactate all
correlated with in-hospital mortality in multivariable
analysis of adult patients requiring ECMO support.
Clear patterns of prognostication have not yet been es-
tablished within the currently available literature. It is
expected that liver function studies will play a signifi-
cant future role in patient selection criteria regarding:

Critical Care Explorations

1) appropriate initiation of ECMO, 2) as a criterion for
termination of ECMO, and 3) possibly as a trigger for
use of liver support devices.
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