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Abstract

Background: Hyperbilirubinemia following cardiac surgery is a common phenomenon and is of emerging interest in
prognostic factor research. This systematic review and meta-analysis evaluated the association between post-opera-
tive hyperbilirubinemia (PH) and mortality and morbidity in cardiac surgery patients.

Methods: Ovid Medline and Ovid Embase were searched from inception to July 2020 for studies evaluating the
prognostic significance of PH following cardiac surgery. Maximally adjusted odds ratios (OR) with associated confi-
dence intervals were obtained from each study and pooled using random effects inverse variance modelling to assess
in-hospital mortality. Standardised mean differences were pooled to assess Intensive Care Unit (ICU) and hospital
length of stay (LOS). Qualitative analysis was performed to assess ventilation requirements and long-term mortality.
Meta-regression was used to assess inter- and intra-study heterogeneity.

Results: 3257 studies satisfied the selection criteria, from which 12 studies incorporating 3876 participants were
included. PH significantly predicted in-hospital mortality with a pooled OR of 7.29 (95% Cl 3.53, 15.09). Multiple pre-
defined covariates contributed to the prognostic significance of PH, however only aortic cross-clamp time (p <0.0001)
and number of transfusions (p=0.0001) were significant effect modifiers. PH significantly predicted both ICU LOS
(Mean difference 1.32 [95% Cl 0.04-2.6]) and hospital LOS (Mean difference 1.79 [95% Cl 0.36-3.21]). Qualitative analy-
sis suggested PH is associated with increased post-operative ventilation requirements and reduced long-term survival
rates.

Conclusions: Hyperbilirubinemia is a cost-effective, widely available prognostic marker of adverse outcomes follow-
ing cardiac surgery, albeit with residual sources of heterogeneity.

L Keywords: Cardiopulmonary bypass, Hyperbilirubinemia, Jaundice, Length of stay, Prognostic biomarkers

Introduction

Post-operative  hyperbilirubinemia  (PH), generally
described as>3 mg/dL, is a common complication fol-
lowing cardiac surgery. PH incidence varies between 10
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and 40% depending on the severity of underlying cardiac
disease and the type of surgery performed [1-4]. Moreo-
ver, PH has been associated with adverse patient out-
comes such as prolonged ICU stay, new onset infection,
low-output syndrome, and increased requirements for
invasive ventilation and renal replacement therapy [5].
The aetiology of PH is debated and thought to be mul-
tifactorial. Cardiopulmonary bypass (CPB) is a recog-
nised risk factor that can lead to hypoperfusion, systemic

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-8987-3849
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-022-01870-2&domain=pdf

Raveendran et al. Journal of Cardiothoracic Surgery (2022) 17:129

inflammation and haemolysis [6—8]. Additional risk fac-
tors include patient age, heart failure status, postopera-
tive sepsis, and intra-operative administration of blood
products [2, 9-11].

Despite advancements in CPB and anaesthesia tech-
niques, the incidence of hyperbilirubinemia after cardiac
surgery has not decreased since the first report in 1967
[9, 11, 12]. A recent study reported a 10% incidence with
an associated mortality of 17.4% [5]. This mortality rate
rises to 90% in cases when progression to hepatic failure
is observed [1, 3, 13]. Moreover, the timing of bilirubin
elevation post-surgery is of clinical importance with late-
onset hyperbilirubinemia (> 7 days) being associated with
increased mortality [5].

Given that plasma bilirubin assays are routinely per-
formed after cardiac surgery and may be a predictor of
adverse patient outcome we conducted a systematic
review and meta-analysis to evaluate the prognostic value
of PH following cardiac surgery.

Methods

Study design and registration

This systematic review and meta-analysis was con-
structed in accordance with the Preferred Report-
ing Items for Systematic reviews and Meta-Analysis
(PRISMA) Statement [14], and conducted according to
methodological guidance [15]. Details of the protocol of
this prognostic research review were registered prospec-
tively (PROSPERO ID CRD42020206068). There were no
protocol deviations.

Eligibility criteria

Eligible studies met the following criteria (a) randomized
controlled trials, non-randomized controlled trials (case
control or controlled cohort), observational studies (b)
study population of adult patients (aged > 18 years) (c)
exposure to cardiopulmonary bypass for coronary artery
bypass grafting (CABG), valvular surgery or combined
CABG and valvular surgery (e) outcome measure of
plasma bilirubin reported (f) outcome measure of mor-
tality or morbidity measured. Studies involving organ
transplant, ventricular assist devices, and extracorporeal
membrane oxygenation were excluded.

Search strategy

OVID Medline and OVID Embase were searched from
inception to July 2020 using a set of a validated and
comprehensive keywords and medical subject headings
(MeSH) relating to ‘cardiac surgery, ‘hyperbilirubinemia’
and ‘mortality and morbidity’ (see Additional file 1). Ref-
erence lists from published articles were hand searched
for potentially relevant studies. No restrictions were
placed on language or publication year. The reference
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lists of the included studies were separately searched for
further potential citations.

Study selection

Two reviewers (DR and LP) independently screened titles
and abstracts of all identified studies. Full text screening
of potentially relevant studies was performed by the same
reviewers with a third author (JPD) adjudicating any dis-
agreements. The definition of hyperbilirubinemia was as
defined by the authors in each study, if no definition was
given a cut-off of 3 mg/dL (51.3 umol/L) was used.

Data extraction and management

Two reviewers (DR and LP) independently extracted
the following information onto standardised forms:
Study designs, population demographics, co-morbidi-
ties, operative details, proportion with PH, timing of PH
peak, conjugated vs unconjugated phenotype of PH, ICU
length of stay (LOS), hospital LOS, post-operative venti-
lation time and mortality following discharge (see Addi-
tional file 2). Where provided, maximally adjusted odds
ratio (OR) for short term survival were used. Mean differ-
ences were used for continuous outcomes. Where studies
stratified patients into more than two groups (e.g. ter-
tiles or quartiles) we compared the upper most quantile
against the cumulative lowermost quantiles.

Assessment of methodological quality

The Prediction model Risk Of Bias Assessment Tool
(PROBAST) was utilised to assess the methodologi-
cal quality of the included studies. Assessment was
performed by two review authors (DR and LAP) and
disagreements were resolved through discussion with a
third author (JPD). PROBAST is tailored for prognostic
studies and assesses risk of bias across four domains: par-
ticipants, predictors, outcome, and analysis [16, 17].

Statistical analysis and data synthesis

We tabulated the maximally adjusted OR with associated
95% confidence intervals for each study assessing in-hos-
pital mortality and generated a pooled OR using mixed-
methods (generalised linear) inverse variance modelling.
For continuous outcomes such as ICU and hospital LOS,
we generated mean differences with 95% confidence
intervals. Analysis was of post-operative ventilation times
or long-term mortality was not performed due to the low
number of reporting studies.

Chi-square statistics were used to estimate statisti-
cal heterogeneity for each outcome. Where there were
greater than 10 studies reporting an outcome, we con-
ducted a meta-regression to explore sources of statisti-
cal heterogeneity by inputting the following covariates:
study year, age, proportion of males, bilirubin threshold
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(as defined by study authors), day of bilirubin measure-
ment, cardiopulmonary bypass time, clamp time, number
units of blood transfused and proportion with pre-oper-
ative liver disease. Where there were fewer than 10 stud-
ies reporting on an outcome, potential sources of clinical
and statistical heterogeneity were explored qualitatively.
Publication bias was formally assessed by generating
funnel plots. Visual testing of skew was performed, and
funnel plot asymmetry was analysed using the Classi-
cal Egger test, fixed- and mixed-effects meta-regression
models with p values [18, 19]. To further examine for
suppression of non-significant studies, we constructed
a contour enhanced funnel plot [20]. All analyses were
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performed using the R statistical package ‘metafor,
with figures generated using ‘ggplot2’ [21, 22].

Results

Search results

The search returned 3878 citations and an additional
four relevant citations were found from other sources.
The removal of duplicates resulted in 3251 unique stud-
ies. After title and abstract screening, 84 studies under-
went full text review of which 12 studies were selected
(see Fig. 1).
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Description of included studies

Study design, patient demographics, operative details,
days of bilirubin measurement, presence of preopera-
tive liver disease and number of units of blood trans-
fused are detailed in (see Table 1). The 12 studies were
published between 1983 and 2017 and included a total of
3876 participants [23—-34]. All included studies reported
post-operative bilirubin measurements. Four studies
were retrospective [25, 27-29], and the other eight stud-
ies were prospective. The mean age ranged from 32 to
71 years with a high proportion of the participants being
male. The threshold for hyperbilirubinemia ranged from
2 to 3 mg/dL. Seven studies set a threshold of 3 mg/
dL [23-26, 30, 32, 33], four studies at 2 mg/dL [27, 29,
31, 34], and one study at 2.8 mg/dL [28]. Nine stud-
ies reported post-operative bilirubin levels for at least
7 days following surgery [23, 24, 26-28, 30, 31, 33, 34].
Two studies reported measurements up to 2 and 5 days
respectively [25, 29], with one study not specifying the
days of measurement [32]. Several of the pre-specified
modifier covariates were inconsistently reported and are
provided as an online supplement.

Maximally adjusted OR for in-hospital mortality was
reported in two studies [29, 32], unadjusted data were
extracted from the remaining ten studies. We calculated
standardised mean differences for ICU LOS from six
studies [23-25, 27, 29, 30, 32, 33], and hospital LOS from
four studies [26, 28, 31, 34].

Methodological quality

The overall methodological quality of the studies was
poor with only 2 studies having low risk of bias [28, 32],
and 10 studies having high risk of bias (see Fig. 2). Stud-
ies reporting only unadjusted data such as frequency of
deaths observed were deemed high risk due to the poten-
tial for unaccounted for significant confounding vari-
ables. The complete table of PROBAST scores for each
included study is available in the (see Additional file 3).

Meta-analysis

Quantitative analysis

In-hospital mortality All studies reported on hospital
mortality. PH was strongly associated with in-hospital
mortality following cardiac surgery (OR 7.29 [95% CI
3.53, 15.09]) (see Fig. 3). Between-study statistical hetero-
geneity was substantial (I* 73.8%) with aortic cross clamp
time and transfusion requirements being significant effect
modifies on meta-regression analysis (see Table 2). The
remaining pre-specified covariates were either not signifi-
cant or not included in the meta-regression due to insuf-
ficient reporting (see Additional file 2). The variability
introduced by the covariates and other study and patient-
level factors partially contributes to the residual heteroge-

Page 4 of 13

neity and the wide confidence interval. The mortality rates
in the PH group was 13.08% (9.35) versus 2.21% (2.38) in
the non-PH group (see Additional file 4).

ICULOS  Six studies inclusive of 1974 patients reported
ICU LOS [23, 26, 27, 31, 33, 34]. PH was associated with
longer ICU LOS, albeit with marked heterogeneity (Mean
difference 1.32 [95% CI 0.04, 2.6], >=99.26%).) (see
Fig. 4).

Hospital LOS Four studies inclusive of 1979 patients
reported hospital LOS [26, 28, 31, 34]. PH was associ-
ated with a longer hospital LOS, albeit with marked het-
erogeneity (Mean difference 1.79 [95% CI 0.36, 3.21],
12=99.03%) (see Fig. 5).

Qualitative analysis

Ventilation time Two studies involving a total of 862
patients reported the relationship between PH and dura-
tion of mechanical ventilation [23, 31]. Both studies
reported longer duration of mechanical ventilation in
patients with PH; (25.34+13.3 h vs 16.54+9.2 h, p<0.05)
[23] and (23.92+45.93 h vs 15.554+34.32 h, p=0.0001)
[31].

Long term mortality Diab et al. [25] reported 5-year
mortality in 285 patients following surgery for infective
endocarditis. Five-year survival was lowest in patients
with preoperative liver dysfunction (20.1%) compared to
37.1% in patients with PH and 57% in patients with nor-
mal pre-operative liver function and no PH.

Kraev et al. [28] reported 2 year mortality in 826
patients following CPB. Patients were categorised into
tertiles according to post-operative plasma bilirubin:
group 1 (normal bilirubin levels), group 2 (1.4-2.8 mg/
dL) and group 3 (>2.8 mg/dL). Mortality at 24 months
was 3.7% in patients with normal post-operative bili-
rubin and 16.7% in the upper tertile of plasma bilirubin
(p<0.001).

Phenotype of hyperbilirubinemia PH incidence is higher
in patients undergoing valvular surgeries compared to
CABG only, and this finding is pronounced when multi-
ple valves are operated on [23, 24, 26, 30, 31, 33, 34]. Most
of the included studies differentiated between conjugated
and unconjugated PH. Some attribute the observed PH
as being predominantly conjugated bilirubin [24, 30],
while others point to unconjugated bilirubin [33, 34]. The
remaining studies suggest a mixed picture.

Mortality rates
All studies except for two studies reported on the mor-
tality rates observed in PH group vs non-PH group (see
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Additional file 4). The mean mortality rate in the PH
group was 13.08% +9.35. The mean mortality rate in the
non-PH group was 2.21% £ 2.38.

Publication bias

Publication bias was detected with the fixed-effects meta-
regression model (»p=0.0152), but not the mixed-effects
regression model for funnel asymmetry (p =0.752) or the
classical Egger test (p =0.248). Visual inspection of asym-
metry however shows slight asymmetry (see Additional
file 5). Contour-enhanced funnel plot indicates suppres-
sion of studies reporting non-significant findings (see
Fig. 6).

Discussion

In this systematic review and meta-analysis, we found
PH to be a promising prognostic biomarker for increased
mortality and morbidity in cardiac surgery patients. The
key finding of this study is that PH increases the odds of
in-hospital mortality by sevenfold, especially in patients
demonstrating persistent or late PH (POD>7). The
observed mortality rates were comparable to the figures
reported by Australian and New Zealand Society of Car-
diac and Thoracic Surgeons’ Cardiac Surgery (ANZCTS)
and the Society of Thoracic Surgeons (STS) [35, 36]. PH
is also associated with longer ICU and hospital lengths
of stay. Other covariates such as study year, age, bilirubin
threshold, bilirubin monitoring period, CPB time, gender,
proportion of CABG and proportion with existing pre-
operative liver disease were not identified as significant
modifiers. The overall methodological quality was poor
due to high risk of bias and between-study heterogeneity

was considerable, these factors may limit the generalis-
ability of our findings, therefore further needed research
will likely change our understanding of PH.

The meta-regression identified that the prognostic
value of PH for in-hospital mortality increases with aortic
cross-clamp time and number of blood units transfused.
Longer cross-clamp times during cardiac surgery expose
the patient to greater risks of low cardiac output, hypoxia
and hypothermia which exacerbate hepatic injury [25,
26, 28, 30]. It is interesting to note that although total
cross-clamp time was found to be a significant covariate
in predicting in-hospital mortality, CPB time was not.
Some studies provide support for this by demonstrat-
ing no significant difference in CPB time when compar-
ing those that developed PH and those who did not [33].
Bilirubin accumulation from RBC hemolysis following
perioperative blood transfusion can also increase risk of
PH. Although this is reflected in our meta-regression, our
observed transfusion requirements are marginally higher
than what is indicated by current literature [5]. The inclu-
sion of further studies with well-reported covariates are
needed to increase the generalisability of our findings.

Several studies demonstrated preoperative liver disease
to be a strong risk factor for PH, mortality, and morbid-
ity [23-25, 27, 30, 31, 33, 34]. Our meta-regression did
not detect a significant relationship between preopera-
tive liver disease and the pooled odds ratio for in-hospi-
tal mortality. This may be due to the variability amongst
authors in defining preoperative liver disease. Some
defined preoperative liver disease using total bilirubin,
others used aminotransferase derangements, and some
used Model for End-Stage Liver Disease (MELD) scores.
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Author and Year Odds Ratio [95% CI]

Fig. 3 Forest plot for PH predicting in-hospital mortality. Arrowheads indicate continuing confidence intervals
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Table 2 In-hospital mortality meta-regression results

Covariate

Study count Co-efficient 95% Cl p value

Clamp time* 8 0.0556 0.0334-0.0778 <0.0001
Transfusion Units* 8 0.6928 0.3393-1.0463 0.0001
Study year 12 —0.037 —0.1131 t0 0.0390 0.3402
Age 10 0.0249 —0.0647 t0 0.1145 0.5864
Sex (Male) 10 —2.7767 —103351t04.7817 04715
Bilirubin threshold 12 1.0256 —0.6223t026734 0.2225
Bilirubin monitoring period 7 0.1577 —0.1212t0 04365 0.2678
CPB time 1 0.0159 —0.0108 to 0.0427 0.2431
CABG proportion 12 —0.2853 —2.8252t02.2547 0.8258
Pre-operative liver disease 5 — 74876 —16.3865t0 14113 0.0991
CABG Coronary artery bypass graft, CPB Cardiopulmonary bypass
*Significant effect modifiers

Author and Year Odds Ratio [95% CI]

An 2006 —— 1.58 [ 1.32, 1.83]

Chandra 1999 — 0.59[0.08, 1.11]

Golitaleb 2017 il 0.88 [ 0.69, 1.08]

Hosotsubo 2000 ——— 4.51[3.87,5.15]

Sharma 2015 - 0.10 [-0.11, 0.31]

Wang 1994 0.38[0.14, 0.62]

S — 1.32[0.04, 2.61]
-1 0 1 2 3 4 5 6

Fig. 4 Forest plot for PH predicting ICU LOS
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Author and Year Odds Ratio [95% CI]
Chandra 1999 —— 2.79 [ 2.11, 3.46]
Golitaleb 2017 5 3l 3.23[2.97,3.49]
Kraev 2008 i 1.03 [ 0.78, 1.27]
Sharma 2015 t ¥ 0.16 [-0.05, 0.36]

——— 1.79 [ 0.36, 3.21]

-1 0 1 2 3 4
Mean Difference

Fig. 5 Forest plot for PH predicting hospital LOS

Similarly, there was variability amongst authors in how
they obtained and defined the threshold value for hyper-
bilirubinemia. Consequently, we were unable to detect an
effect-modifier relationship between hyperbilirubinemia
threshold and the pooled odds ratio.

Qualitative analysis showed that patients with early
PH characteristically demonstrate elevation of uncon-
jugated bilirubin—most likely the result of the transient
physiological insult by CPB, anaesthetics and blood
transfusions [5]. These patients generally improve within
3 days[37]. The phenotype for patients with persistent or
late PH (POD > 7) was predominantly conjugated. These
patients were more likely to have long term hepatic dys-
function and multiple-organ failure due to systemic
hypoperfusion, leading to increased mortality and mor-
bidity [5, 10, 30]. The debate around the prognostic
value of conjugated hyperbilirubinemia alone presents
an interesting opportunity for future research. Only two
studies reported on long term mortality, both suggesting
PH is associated with poor long-term outcomes. More
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longitudinal studies are required to further investigate
cause of death and morbidity in the long-term setting.

Limitations

Insufficient reporting of relevant data and inconsistencies
in the data reported prevented the inclusion of all rel-
evant studies. This is compounded by the possible pub-
lication bias. Therefore, the predictive value of PH may
be overstated and external validity to current practice
maybe limited.

Secondly, there is a high level of residual heterogene-
ity due to insufficient reporting of patient and study level
covariates. This in turn reduced both the precision of the
pooled statistics and our ability to reliably perform sub-
group analyses.

Only two studies performed multivariable analyses to
adjust for potential confounders [25, 28]. Consequently,
most studies were classified as having high risk of bias.

The range of PH in our included studies was 9% to 51%,
with 3 of the most recent studies reporting PH rates of
25% [25, 26, 31]. Although these rates are consistent with
epidemiological literature [5], more research is needed to
interpret the variable incidence rates of PH. The relatively
high incidence could be explained by the observation that
while a portion of patients with biochemical PH will have
clinical manifestations of hyperbilirubinemia, some will
be restricted to an isolated (and clinically occult) bio-
chemical event.

The low rate of observed deaths in the included studies
reduced the confidence of our summary estimates for in-
hospital mortality, ICU LOS and hospital LOS. Therefore,

o o
T, [0 0.10 <p<1.00
@ M 0.05<p=<0.1Q
@ _| [0 001<p<0.09
@ L ]
s o [J0.00 <p=<0.01
1] k ¢ Studies
T
@ ™~ 7 *
T o
C ."-
Fo R T N . s
a
& e
0
- T T
0 2 4
Log Odds Ratio
Fig. 6 Contour Enhanced Funnel Plot
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larger cohort studies with greater statistical power are
needed to improve the confidence and precision of sum-
mary estimates.

Implications for future research and practice
Qualitative analysis reveals CPB to be strong risk fac-
tor for PH and mortality, yet its complete effect on the
human body remains to be understood. Therefore, addi-
tional CPB models should be developed to create safer
and artificial circulation models.

The most widely ordered and investigated prognostic
cardiac biomarkers are C-reactive protein (CRP), tro-
ponin, B-type natriuretic peptide (BNP), and N-terminal
pro-BNP (Nt-pro-BNP) [38-40]. However, an array of
new proteins, adhesion molecules and cytokines are also
being investigated as potential prognostic biomarkers
[41]. To our knowledge, this is the first systematic review
and meta-analysis to synthesize the available evidence
on the prognostic value of PH in cardiac surgery and to
highlight the significance of early vs late PH peaks. The
addition of PH to the list of newer prognostic haema-
tological indices may aid in creating reliable predictive
models for estimating mortality and morbidity in post-
operative cardiac patients. Future research should focus
on phenotyping PH as conjugated vs unconjugated and
early vs delayed to determine which phenotypic profile
confers the least and most favourable prognosis.

From a surgical standpoint, intra-operative consid-
erations to prevent PH include aiming for reduced
cross-clamp times and decreasing blood transfusion
requirements. Patients with pre-existing heart failure
or liver dysfunction require meticulous peri-operative
planning and management [30]. Cardiac surgery is not
recommended in patients with class C Child—Pugh cir-
rhosis [42]. Continual plasma bilirubin monitoring is
paramount and persistent PH should prompt further
investigations. Management of PH is mainly supportive
with the main aim being the prevention of progression to
hepatic failure, multi-organ failure and sepsis.

Conclusion

PH is a promising prognostication tool predictive of
in-hospital mortality. The timing of PH peaks may help
differentiate between patients with transient hyperbili-
rubinemia, warranting longer ICU stay, from those with
hepatic dysfunction, warranting longer hospital stay.
Persistent PH should alarm the clinician of impending
hepatic failure. Further high-quality studies that con-
sistently report on patient level and study level co-vari-
ates are needed to reduce statistical heterogeneity and
improve precision of summary estimates.
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