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ABSTRACT—Obijective: To investigate the incidence, clinical characteristics and outcomes of early hyperbilirubinemia in
critically ill patients. Design and Setting: This is a post hoc analysis of a prospective multicenter cohort study. Patients: Patients
with measured bilirubin levels within the first 2 days after ICU admission were eligible. Patients with liver cirrhosis were excluded.
Endpoints: The primary endpoint was the incidence of early hyperbilirubinemia, defined as bilirubin >33 pumol/L within 2 days
after ICU admission. Secondary endpoints included clinical characteristics of patients with versus patients without early
hyperbilirubinemia, and outcomes up to day 30. Results: Of 4,836 patients, 559 (11.6%) patients had early hyperbilirubinemia.
Compared to patients without early hyperbilirubinemia, patients with early hyperbilirubinemia presented with higher severity of
illness scores, and higher incidences of sepsis and organ failure. After adjustment for confounding variables, early hyper-
bilirubinemia remained associated with mortality at day 30 (odds ratio, 1.31 [95%—confidence interval 1.06—1.60]; P=0.018).
Patients with early hyperbilirubinemia and thrombocytopenia (interaction P-value = 0.005) had a higher likelihood of death within
30days (odds ratio, 2.61 [95%—confidence interval 2.08—3.27]; P< 0.001) than patients with early hyperbilirubinemia and a
normal platelet count (odds ratio, 1.09 [95%—confidence interval 0.75—1.55]; P= 0.655). Conclusions: Early hyperbilirubinemia
occurs frequently in the critically ill, and these patients present with higher disease severity and more often with sepsis and organ
failures. Early hyperbilirubinemia has an association with mortality, albeit this association was only found in patients with
concomitant thrombocytopenia.
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INTRODUCTION

Hyperbilirubinemia, defined as bilirubin levels >33 pwmol/L
(>2mg/dL), has been reported in up to 38% of critically ill
patients, albeit the reported incidences in previous studies vary
widely (1-5).

The most common cause of hyperbilirubinemia in critically
ill patients is hepatic dysfunction related to the underlying
critical illness (6, 7). Indeed, previous studies have shown that
sepsis and other systemic inflammatory syndromes may alter
vital functions of the liver. Increased levels of circulating
inflammatory mediators lead to changes in the hepatobiliary
transport pathways (8—10) causing commonly mixed direct
and indirect hyperbilirubinemia. Moreover, alterations in
hemodynamics may affect hepatic blood flow and autoregu-
lation priming the liver for hypoxic injury (11). Notably,
hyperbilirubinemia in critically ill patients may also be
caused by nonhepatic pathology, such as intravascular hemo-
lysis (12).

Although serum bilirubin is not merely specific for liver
injury (13, 14), it remains the most commonly used marker for
hepatic dysfunction as its measurement is reliable, widely
accessible, and the test itself rather cheap. Since the 1990s,
bilirubin has also been used as an index for hepatic dysfunction
in critically ill patients—and represents the liver as organ in the
“Acute Physiology and Chronic Health Evaluation™
(APACHE) scores (15), and in the Sequential Organ Failure
Assessment (SOFA) score (16). The delta of the total SOFA
score within the first 24 h serves as an excellent prognostic
marker for mortality in critically ill patients (17, 18). However,
studies focusing on liver injury and investigating the associa-
tion between hyperbilirubinemia and mortality yielded so far
conflicting results (1-5).

The current study investigated the incidence and clinical
characteristics of critically ill patients with early hyperbilir-
ubinemia, and determined the association between early hyper-
bilirubinemia and mortality. We hypothesized that patients with
elevated bilirubin levels at Intensive Care Unit (ICU) admission
are more severely ill, and that early hyperbilirubinemia has an
association with mortality.

METHODS
Study design and setting

This is a post hoc analysis of the Molecular Diagnosis and Risk Stratification
for Sepsis (MARS) study, a prospective multicenter cohort study. The MARS
study was conducted in 2 university-based hospitals in the Netherlands, the
Amsterdam UMC, location “AMC” in Amsterdam, and the UMC Utrecht in
Utrecht. The MARS study was registered at clinicaltrials.gov (study identifier
NCTO01905033). The institutional review board of the 2 hospitals approved the
study protocol and consent method (IRB:10—056C). For the MARS study an
opt-out consent procedure was used in which patients or their legal represen-
tatives were informed about the study by a brochure provided at ICU admission,
with an opt-out card to be filled in in case of unwillingness to participate.

Inclusion and exclusion criteria

Over a duration of 3 years, from January 2011 till January 2014, consecutive
patients admitted to the ICUs with an expected stay of >24 h were included. The
MARS study did not have exclusion criteria. The current post hoc analysis
excluded patients with missing bilirubin levels within the first 2 days after ICU
admission. Patients with a medical history of liver cirrhosis were also excluded.
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Data collected

A dedicated team of researchers collected demographic and clinical baseline
characteristics on ICU admission in a secured data repository. Clinical and
laboratory data was recorded daily. Severity of illness scores were calculated by
trained researchers based on clinical characteristics and laboratory measure-
ments. Patients were screened for the presence of infection, sepsis, septic shock,
acute kidney injury (AKI) and acute respiratory distress syndrome (ARDS)
according to the clinical definitions outlined below.

Clinical definitions

Early hyperbilirubinemia was defined as total bilirubin levels >33 wmol/L
(>2mg/dL), within the first 2days after ICU admission. Sepsis was defined
according to the International Sepsis Definitions from 2001 (19), characterized
by presence of an infection in combination with >2 systemic inflammatory
response syndrome (SIRS) criteria. Likelihood of an infection was evaluated by
a4-point scale, as “‘none,” ““possible,” “probable” or “definite,” and presence
of an infection was assumed for a likelihood of at least ““possible.” For the
current analysis, patients were reclassified using the Sepsis—3 criteria (20).
Sepsis was defined as the presence of an infection with a likelihood of at least
“possible” (as defined before) in combination with a clinical sign of organ
failure described by a Sequential Organ Failure Assessment (SOFA) score >2
within 24 h after ICU admission. The SOFA score for the nervous system was
excluded. Septic shock signified sepsis according to the Sepsis—3 criteria with
the use of noradrenaline in a dose of >0.1 p.g/kg/min at least 50% of the day at
the ICU. AKI and ARDS were diagnosed using guidelines from the Acute
Dialysis Quality Initiative consensus (21) and the Berlin criteria (22), respec-
tively. Thrombocytopenia was defined as a platelet count <150 x 10°/L (16),
and a prolonged prothrombin time (PT) marked as >12.7 s, as described in a
previous study (23). The definitions for reported comorbidities are described in
the supplementary appendix, http://links.lww.com/SHK/B352.

Outcome measures

The primary endpoint was the incidence of early hyperbilirubinemia.
Secondary endpoints included the clinical characteristics of patients with
and without early hyperbilirubinemia, and mortality at day 30.

Analysis plan

Data are presented as median with interquartile range (IQR) for continuous
variables, or as absolute occurrences with corresponding proportions for
categorical variables. Comparisons between both groups were performed using
Mann—Whitney U or X test depending on the category of the variable.

Logistic regression was used to estimate the relationship between early
hyperbilirubinemia and 30—day mortality. Based on clinical a priori knowledge
of the relationship between hyperbilirubinemia and mortality (1, 24), a set of
variables was prespecified and assessed for confounding and effect modifica-
tion: age, congestive heart failure, chronic respiratory insufficiency, immune
deficiency, hematological malignancies, alcohol or drug abuse, sepsis, use of
vasoactive medication, AKI, ARDS, thrombocytopenia, and a prolonged PT.
Confounding was investigated by means of logistic regression using 30—day
mortality as dependent variable and adding each variable with hyperbilirubi-
nemia to the model. Effect modification was tested by extending the logistic
regression model by multiplying hyperbilirubinemia and the variable of interest.
A multivariable logistic regression model adjusting for essential confounding
variables was constructed to attain a precise association between hyperbilir-
ubinemia and mortality. The impact of a modifying variable was assessed in two
logistic regression models. First, a logistic regression model with 30—-day
mortality as dependent variable and a combined variable of hyperbilirubinemia
and the variable of effect modification was created. The results were visualized
in a forest plot depicting the impact of the modifying variable on the relation-
ship between hyperbilirubinemia and 30—day mortality. A second logistic
regression model was constructed with 30—day mortality as central determinant
and bilirubin and the variable of effect modification as covariates. Within this
regression analysis, bilirubin levels were modeled with B-splines to detect
potential breaks within the relationship to 30—day mortality. B-splines are
defined piecewise by polynomials and allow smooth curve-fitting in case of a
variable data distribution. The knots were set at the 5th, 33rd, 66th, and 95th
quantile according to the lowest Akaike score (AIC) (25). This regression
analysis allowed to predict 30—day mortality based on bilirubin levels, stratified
for different levels of the effect modifying variable. A line graph was created to
illustrate the effects of the modifying variable on the relationship between
hyperbilirubinemia and 30-day mortality. Additionally, the relationship
between hyperbilirubinemia and mortality for various levels of the modifying
variable was visualized in a heatmap and assessed by additional logistic
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Fic. 1. Patient flow chart of the study.

regression analyses, as described in detail in the supplementary appendix, http://
links.lww.com/SHK/B352.

All statistical analyses were performed with R Studio interface (Version
1.1.447. R core team. R: A Language and Environment for Statistical Comput-
ing. 2013. http://www.r-project.org/) using the packages “tidyr,” “dplyr,”
“ggplot2,” “forestplot,” “‘splines,” and “Hmisc.” A P value < 0.05 was
considered statistically significant.

RESULTS

Patients

Of 8,313 patients included in the MARS study, 3,477 patients
were excluded because of missing bilirubin levels within 2 days
after admission or presence of liver cirrhosis (Fig. 1). A total of
4,836 patients were left for the current analyses. Baseline
characteristics are presented in Table 1. Medical admissions
account for around 50% of all admissions, and 25% were
elective surgery and 25% emergency surgery patients. Comor-
bidities were generally characterized by hypertension (27% in
patients with hyperbilirubinemia vs. 30% without hyperbilir-
ubinemia), malignancies (22% for both groups), and diabetes
mellitus (16% vs. 15%). Patients with hyperbilirubinemia
presented with a higher percentage of congestive heart failure
(18% vs. 6%), chronic respiratory failure (8% vs. 5%), hema-
tological malignancies (9% vs. 3%) and immune deficiencies
(15% vs. 11%).

Incidence and clinical characteristics

Of 4,836 patients, 559 (11.6%) patients had elevated biliru-
bin levels within the first 2 days after ICU admission. Com-
pared to patients not having early hyperbilirubinemia, patients
with elevated bilirubin levels within the first 2 days were more

severely ill than patients with normal bilirubin levels as dem-
onstrated by significantly higher APACHE IV scores, and
higher incidences of sepsis, septic shock, and organ failures.

Outcome

All-cause 30—day mortality was higher in patients with early
hyperbilirubinemia compared to patients not having elevated
bilirubin levels within the first 2 days after ICU admission (34%
versus 22%; P < 0.001). Patients with early hyperbilirubinemia
also had higher mortality rates at day 90 and after 1 year:
90-day mortality: 43% vs, 27%, 1-year mortality: 50% vs. 35%
(P <0.001 for both).

Early hyperbilirubinemia was associated with mortality at
day 30 in the crude model (OR, 1.82 [95% CI, 1.50-2.20];
P <0.001) and after adjustment for age, immune deficiency,
hematological malignancy, sepsis, use of vasoactive medica-
tion, AKI and ARDS (adjusted OR, 1.31 [95% CI, 1.06—1.60];
P=0.018) (Supplementary appendix, eTable 1 and Table 2).
Bilirubin levels of 20—32 pmol/L. were not associated with
mortality, while the odds of 30-day mortality steadily
increased for each additional point of the SOFA liver score
(Fig. 2).

Thrombocytopenia modified the association between hyper-
bilirubinemia and mortality (interaction term with hyperbilir-
ubinemia: P =0.005). Patients with early hyperbilirubinemia
and concomitant thrombocytopenia had a significant higher
likelihood of death within 30days (OR, 2.61 [95% CI, 2.08-
3.27]; P<0.001) than patients with early hyperbilirubinemia
and a normal platelet count (OR, 1.09 [95% CI, 0.75-1.55];
P=0.655) (Fig. 3A). The divergent effect of low or normal
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TaBLE 1. Baseline characteristics of patients with and without early hyperbilirubinemia

Characteristic Early hyperbilirubinemia (N =559) No early hyperbilirubinemia (N =4277) P
Age (years) 60 (48-69) 61 (49-71) 0.181
Female 207 (37%) 1,750 (41%) 0.082
Admission type
Medical 278 (50%) 2,123 (50%) -
Surgical (elective) 140 (25%) 1,215 (28%) 0.113
Surgical (emergency) 141 (25%) 939 (22%) -
Comorbidities
Hypertension 151 (27%) 1,289 (30%) 0.141
Congestive heart failure 8 (18%) 267 (6%) <0.001
Respiratory insufficiency 2 (8%) 227 (5%) 0.042
Renal insufficiency 3 (10%) 308 (7%) 0.065
Diabetes mellitus 7 (16%) 640 (15%) 0.753
Immune deficiency 3 (15%) 459 (11%) 0.005
Hematological malignancies 8 (9%) 143 (3%) <0.001
Nonmetastatic solid tumour 7 (12%) 675 (16%) 0.023
Any malignancy 125 (22%) 916 (22%) 0.648
Alcohol or drug abuse 9 (3%) 192 (5%) 0.282
APACHE IV score 2 (63—108) 5 (48—-88) <0.001
SOFA score
Circulation 4 (1-4) 1 (0-4) <0.001
Coagulation 1(0-2) 0 (0-1) <0.001
Renal 1(0-3) 0 (0-1) <0.001
Respiration 2 (2-3) 2 (1-3) <0.001
Category of sepsis
Sepsis 199 (36%) 1,016 (24%) <0.001
Septic shock 163 (29%) 673 (16%) <0.001
Use of vasoactive medication 416 (74%) 2283 (53%) <0.001
AKI 161 (29%) 423 (10%) <0.001
ARDS 118 (21%) 428 (10%) <0.001

For continuous variables data are presented as median and IQR and for categorical variables as absolute occurrences and percentage (%).
AKI indicates acute kidney injury; APACHE, Acute Physiology, Age, Chronic Health Evaluation; ARDS, acute respiratory distress syndrome; IQR,

interquartile range; SOFA, Sequential Organ Failure Assessment.

platelet counts on the relationship between hyperbilirubinemia
and mortality is additionally visualized in Figure 3B showing
an increase in predicted 30—day mortality in patients with
thrombocytopenia, but not in patients with a normal platelet
count. Additional analyses confirm and illustrate this effect
(supplementary appendix, eFigure 1 and eFigure 2A-D, http://
links.Iww.com/SHK/B352).

DISCUSSION

The findings of this study can be summarized as follows: 1.
one in nine ICU patients presents with early hyperbilirubine-
mia; 2. patients with early hyperbilirubinemia had higher
disease severity scores and more frequently sepsis, shock,
and multiple-organ failure. In addition, 3. early hyperbilirubi-
nemia was associated with mortality, and 4. the platelet count

TaBLE 2. Association between early hyperbilirubinemia and 30—day
mortality

Effect OR (95% Cl)

Hyperbilirubinemia

Hyperbilirubinemia, adjusted for: age,
immune deficiency, hematologic
malignancy, sepsis, use of vasoactive
medication, AKI, and ARDS

1.85 (1.53-2.23)
1.31 (1.06—1.60)

was identified as an effect modifier, as the risk for mortality was
only increased in patients with early hyperbilirubinemia and
concomitant thrombocytopenia, but not in patients with early
hyperbilirubinemia and a normal platelet count.

0.6

0.4
) I I I
0.0

N=3534 N=743 N=480 N=57 N=22

Mortality rate

L

SOFA liver score

Fic. 2. Thirty—day mortality rate stratified by SOFA liver score.
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Fia. 3. Thrombocytopenia alters the association between hyperbilirubinemia and mortality. (A) Forest plot depicting odds of 30—day mortality for
patients with normal and elevated bilirubin levels in combination with thrombocytopenia. (B) Line graph reflecting the impact of normal and low platelet count on
the relationship between hyperbilirubinemia and 30—day mortality. Thirty—day mortality was predicted by means of logistic regression using B-splines for
modeling bilirubin levels. The dashed lines depict the cut-off values for the SOFA liver score ranging from 0 (<20 pmol/L), 1 (= 20—32 umol/L), 2 (= 33—101 pmol/

L), 3 (= 102203 wmol/L) to 4 (> 204 pmol/L).

Strengths of the current study comprise the consecutive
enrolment of patients in the original study displaying a large
and heterogeneous ICU population, clear definitions of clinical
parameters and syndromes, and a strictly defined analysis plan
with extended analyses to thoroughly assess the impact of
confounding and effect modifying variables.

The incidence of early hyperbilirubinemia in this study of
12% 1is in line with that in a previous large prospective cohort
study (2). A higher incidence of hyperbilirubinemia of up to
38% in critically ill patients was only reported by studies
looking at combined early and late hyperbilirubinemia, and
by trials defining hyperbilirubinemia as plasma bilirubin levels
>20 pmol/L (>1mg/dL) (1, 3, 5).

Patients with elevated bilirubin levels presented with higher
illness severity scores and higher incidences of sepsis, shock,
and organ failure. Indeed, prior studies have shown that sepsis
and septic shock are major risk factors for developing hyper-
bilirubinemia (1, 2). Sepsis may induce profound changes in the
function of the liver due to an uncontrolled systemic inflam-
matory response and impairments in hepatic microcirculation
resulting in changes in the hepatobiliary transport pathways
(8—10). Circulating proinflammatory cytokines directly affect
the uptake of bilirubin from the systemic circulation and
secretion into bile by down- and upregulation of hepatobiliary

transporter receptors facilitating a clinically mixed picture of
conjugated and unconjugated hyperbilirubinemia (26—33). In
turn, liver injury itself facilitates organ injury by an increased
production and decreased clearance of proinflammatory cyto-
kines, coagulation factors and vasoactive substances, all con-
tributing to an altered immune response (11).

Point-wise changes in the total SOFA score are associated
with good predictive quality for mortality in critically ill
patients (18, 34). However, studies investigating the association
between hyperbilirubinemia and mortality reported conflicting
results with regards to patient outcome (1-5). Looking into
those studies, the observed differences may originate from
varying definitions of hyperbilirubinemia, differences in ICU
populations and choices of statistical analysis (4, 5). Impor-
tantly, the current study supports the results of a prior cohort
study showing that early hyperbilirubinemia only affects mor-
tality risk from a level of above >33 pmol/L (>2 mg/dL, SOFA
liver score >2), and that the odds of mortality steadily increase
with an incremental SOFA liver score (2). Moreover, early
hyperbilirubinemia remained associated with mortality after
adjustment for essential confounders, such as hematological
malignancy, sepsis, and use of vasoactive medication.

Some of these conflicting study results may also be
explained by our finding that the association between
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hyperbilirubinemia and mortality was conditional on thrombo-
cytopenia. To the best of our knowledge, this study is the first
one reporting platelet count to alter the association between
elevated bilirubin levels and mortality, and this finding remains
hypothesis-generating of course considering the retrospective
design of the current study. In ICU patients, thrombocytopenia
is often multifactorial and most commonly related to an
increased systemic inflammatory response by immune-medi-
ated platelet activation leading to a shorter platelet-lifespan,
scavenging of platelets within the circulation, or endothelial
injury (35, 36). Moreover, previous investigations reported
hyperbilirubinemia to be an independent determining factor
to develop thrombocytopenia, which complicates the network
of associations between causes, effects, confounders, and
modifiers (37, 38). However, one may hypothesize that a
widespread systemic inflammatory response may be the link
between hyperbilirubinemia and thrombocytopenia in critically
ill patients, supported by our finding that hyperbilirubinemia is
only associated with mortality in case of concomitant throm-
bocytopenia.

Moreover, our finding may also influence the interpretation
of the SOFA score. The SOFA score has been developed as
standardization of organ failure with bilirubin representing the
liver. However, hyperbilirubinemia may arise due to hepatic
and nonhepatic pathology and thereby not serve as an ideal
marker for liver dysfunction. Our findings support these con-
cerns, as elevated bilirubin levels were not independently
associated with mortality in patients without another organ
failure. Yet, elevated bilirubin levels may still add up to four
points of the total SOFA score. How might this be clinically
relevant? For example, isolated hyperbilirubinemia originating
from a transfusion reaction may result in an increased SOFA
score and be associated with worse patient outcome, although
this assumption may not hold true in practice. These findings
need to be elucidated in future studies.

The current analyses were limited by the study’s observa-
tional design impeding further determination of underlying
pathophysiological mechanisms of hyperbilirubinemia and
their impact on mortality. Next to sepsis-induced cholestasis
and hypoxic hepatitis, intravascular hemolysis presents as one
important mechanism of hyperbilirubinemia and may be
caused by administration of specific drugs or transfusions in
the ICU. However, missing data on hemolytic parameters and
transfusion history hampered additional analyses, as well as
insufficient data on total parenteral nutrition, anticoagulant
therapy, and disseminated intravascular coagulation. Moreover,
selection bias might have influenced the results as bilirubin
levels within 2 days after admission were only available in 60%
of all patients from the primary study.

Hepatic dysfunction in critically ill patients is often over-
looked and in clinical practice subordinate to more life-threat-
ening syndromes, such as cardiovascular, respiratory, or renal
failure. Nonetheless, the findings of the current study underline
the utility of hyperbilirubinemia as early marker of hepatic
dysfunction, as elevated bilirubin levels often indicate severe
critical illness and are associated with an increased 30—day
mortality risk—especially with concomitant thrombocytope-
nia.

JUSCHTEN ET AL.

CONCLUSION

One in nine critically ill patients admitted to the ICU had
early hyperbilirubinemia. These patients had higher illness
severity scores, and higher incidences of sepsis and multi-
ple-organ failure. In this cohort, early hyperbilirubinemia
had an association with 30—day mortality, but the relation
between early hyperbilirubinemia and mortality was modified
by the platelet count. Early hyperbilirubinemia was associated
with an increased likelihood of death in patients with throm-
bocytopenia, but not in patients with a normal platelet count.
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