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Abstract

Obstructive jaundice can lead to systemic multi-organ complications, with the heart being one of the most critically 
affected organs. This review summarizes recent insights into the mechanisms of cardiac injury induced by obstruc-
tive jaundice, including bile acid toxicity, inflammatory responses, oxidative stress, nitric oxide dysregulation, endo-
toxemia, apoptosis, and autophagy. Currently, no specific treatment protocol exists for this condition. However, ap-
propriate anesthetic choices, traditional Chinese herbal medicine, and optimized perioperative management have 
shown potential in mitigating myocardial damage. This review provides a detailed discussion of these aspects.

Keywords: Obstructive jaundice, cardiac injury, bile acids, mechanisms

Highlights
● Elevated bile acid concentrations impair myocardial structure and function by disrupting mitochondrial integrity 
   and acting on TGR5 and FXR receptors.
● Endotoxins contribute to cardiovascular dysfunction by exacerbating systemic inflammation, primarily via NF-κB 
   activation and increased levels of pro-inflammatory cytokines such as TNF-α.
● Reactive oxygen species alter cardiac electrophysiology by modulating L-type calcium channels and reversing 
   Na+/Ca2+ exchanger activity, leading to contractile dysfunction. Excessive nitric oxide disrupts vascular tone reg
   ulation.
● Autophagy is activated through the AMPK-mTOR-ULK1 signaling pathway, while apoptosis-driven myocardial inju
   ry is mediated by caspase activation and the Bax/Bcl-2 protein family.
● Appropriate preoperative management, anesthetic selection, and the application of traditional Chinese medicine 
   can alleviate cardiac injury associated with obstructive jaundice.

Introduction

Obstructive jaundice (OJ) is a common clinical 
condition caused by partial or complete block-
age of intrahepatic or extrahepatic bile ducts, 
most often due to bile duct stones, inflamma-
tory hyperplasia, or tumors. These conditions 
lead to impaired bile drainage from the liver. 
In severe cases, patients with OJ develop jaun-
dice, characterized by yellowing of the skin 

and eyes due to elevated bilirubin levels in the 
blood. OJ is associated with high morbidity and 
mortality rates. Previous studies have report-
ed that the surgical mortality rate for patients 
with OJ can reach 18% and approximately 8%-
10% of surgical patients develop acute renal 
failure, of whom 70–80% eventually succumb 
to the condition [1]. OJ can cause multi-organ 
damage, affecting the liver, kidneys, heart, 
intestines, brain, and immune system [2-4]. A 
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comprehensive understanding of OJ is crucial 
for optimizing treatment and improving patient 
outcomes. To study OJ and its complications, 
various experimental models have been devel-
oped, among which bile duct ligation (BDL) is 
widely used to simulate OJ and related patho-
physiological changes [5].

Cardiac injury is a significant complication of 
OJ, contributing to increased morbidity and 
mortality. OJ is associated with various cardio-
vascular abnormalities, including hypotension, 
bradycardia, QT interval prolongation, reduced 
adrenergic responsiveness, and a predisposi-
tion to hypovolemic shock and acute renal fail-
ure [6-9]. Cardiac dysfunction in patients with 
OJ is primarily characterized by reduced cardiac 
output, leading to decreased exercise capacity 
and an elevated risk of perioperative mortality 
[10]. The relationship between OJ and cardi-
ac injury was first described by Green et al. 
in 1986 as the “Jaundiced Heart” and is now 
widely recognized as a clinical phenomenon 
[1, 11]. OJ is known to cause significant hemo-
dynamic disturbances. In 1991, Lumlertgul et 
al. studied nine jaundiced patients and eight 
healthy volunteers, demonstrating that jaun-
diced patients exhibited a blunted myocardial 
contractile response to inotropic stimulation 
[12].

In recent years, researchers have proposed 
that heart dysfunction induced by chronic BDL 
models may be classified as cirrhotic cardiomy-
opathy, a condition often studied in mice sub-
jected to bile duct ligation for 28 days or longer 
to induce liver cirrhosis [13].

This review aims to summarize the current 
understanding of the mechanisms underlying 
cardiac injury in OJ. Based on previous studies, 
OJ-induced cardiac damage is associated with 
bile acid toxicity, endotoxemia, inflammation, 
oxidative stress, apoptosis, and autophagy. 
Given the limited research in this area, further 
elucidation of these mechanisms is essential to 
developing preventive and therapeutic strate-
gies for OJ-associated cardiac injury.

Mechanism of OJ in heart injury

Toxic effects of bile acids

Bile acids (BAs) are essential components of 
bile but can exert significant toxic effects when 
they accumulate in the bloodstream, particular-
ly affecting the circulatory system and the heart 
[14]. Under normal physiological conditions, 
BAs are taken up through the basolateral mem-
brane and exported via tubular efflux pumps. 

However, in OJ, bile flow is obstructed, leading 
to the accumulation of BAs in the blood and liv-
er cells. As early as 1964, studies demonstrat-
ed that BAs inhibit adenosine triphosphatase 
(ATPase) activity, reduce oxygen consumption, 
and impair protein synthesis in the intestines 
of rats [15]. Some scholars have proposed that 
BA toxicity contributes to cardiac injury [16].

The earliest available literature indicates a 
study in 1909 indicated that the association 
between BAs and bradycardia was first de-
scribed in 1863 and suggested that BAs could 
cause jaundice-associated bradycardia [17]. 
Later, in 1939 and 1940, Wakim, Essex, and 
Mann used a rabbit model and found that bile 
salts induced bradycardia, negative inotro-
pism, and even cardiac arrest, confirming the 
cardiotoxic effects of BAs [18-20]. In 1983, 
Bogin et al. demonstrated in both in vitro and 
in vivo studies that BAs reduced the beating 
rate of cardiomyocytes in a concentration- and 
time-dependent manner [21].

Mitochondrial dysfunction plays a key role in 
BA-induced toxicity. Previous studies have con-
firmed that high BA concentrations impair mi-
tochondrial structure and function [22]. When 
BA levels exceed the binding capacity of cyto-
plasmic binding proteins in hepatocytes, they 
induce apoptosis and necrosis by damaging mi-
tochondria [23]. Similarly, cardiac mitochondria 
are highly susceptible to BA toxicity, particularly 
hydrophobic BAs, which exert potent harmful 
effects. In 1997, electron microscopy studies 
revealed that the myocardial mitochondria of 
male Sprague-Dawley rats exhibited swelling 
and a reduction in number 14 days after BDL. 
Furthermore, in rats that did not undergo BDL 
but received gastric intubation of sodium cho-
late, myocardial injury was observed when 
serum cholate levels reached concentrations 
equivalent to those in the BDL group, further 
confirming the toxic effects of BAs on the heart 
[16].

BAs impair myocardial contractile responses to 
positive inotropy by disrupting cardiomyocyte 
metabolism, membrane integrity, and ion trans-
port mechanisms. Additionally, they interfere 
with calcium homeostasis by affecting the up-
take and release of calcium from the sarcoplas-
mic reticulum, leading to reduced mitochondri-
al function and impaired cardiac performance 
in the presence of high BA concentrations 
[24]. An in vitro study conducted in 1987 using 
Sprague-Dawley rat papillary muscles and iso-
lated ventricular myocytes evaluated myocardial 
contractility, action potentials, and membrane 
currents [25]. It was found that taurine-conju-
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gated bile acids interact with muscarinic M2 re-
ceptors, reducing intracellular cyclic adenosine 
monophosphate levels and exerting a negative 
chronotropic effect on cardiomyocytes [26].

BAs have also been shown to shorten ventric-
ular action potential duration, reduce inward 
ionic currents, and enhance outward potassi-
um currents. These alterations may contribute 
to negative inotropic effects and abbreviated 
action potentials [25]. Furthermore, high BA 
concentrations damage cardiomyocytes by acti-
vating the G protein-coupled receptor 5 and the 
farnesoid X receptor. Cell-based studies have 
demonstrated that hydrophobic BAs, such as 
chenodeoxycholic acid, activate farnesoid X re-
ceptor in cardiomyocytes, promoting inflamma-
tion and apoptosis. Additionally, excessive BAs 
reduce fatty acid oxidation in cardiomyocytes, 
potentially leading to cardiac insufficiency [27, 
28].

Endotoxin

Endotoxin, also known as lipopolysaccharide 
(LPS), is a major component of the cell wall 
in Gram-negative bacteria and exhibits strong 
immunogenicity and toxicity [29, 30]. The high 
incidence of postoperative complications in 
patients with OJ is significantly influenced by 
endotoxemia [31].

In an experimental rabbit model of OJ, serum 
total bilirubin, transaminase, and endotoxin 
levels were measured on days 2, 5, 8, and 13 
post-surgery. The results showed that rabbits 
in the OJ group had a higher frequency of en-
dotoxemia in both the portal vein and systemic 
circulation compared to the sham-operated 
group [32]. Patients with OJ are prone to endo-
toxemia, primarily due to increased absorption 
of endotoxins from the intestinal lumen and re-
duced clearance by the liver reticuloendothelial 
system [32]. In OJ, endotoxemia exacerbates 
organ injury through excessive endotoxin re-
lease [33].

Endotoxins contribute to vascular damage by in-
tensifying systemic inflammation. Studies have 
shown that the inflammatory response, primar-
ily driven by the activation of the nuclear factor 
kappa B (NF-κB) signaling pathway and the 
upregulation of inflammatory cytokines such 
as tumor necrosis factor-alpha, plays a crucial 
role in endotoxin-induced myocardial injury [34]. 
During endotoxemia, LPS interacts with toll-
like receptor 4 on immune and non-immune 
cells, leading to toll-like receptor 4 upregulation 
and NF-κB pathway activation. This results in 
increased expression of phosphorylated NF-κB 

and phosphorylated I-kappa-B-alpha, which fur-
ther induces the overexpression of pro-inflam-
matory cytokines, including interleukin-1 beta, 
interleukin-6, and tumor necrosis factor-alpha, 
ultimately leading to myocardial injury [35]. In 
addition, LPS not only activates NF-κB but also 
triggers the NOD-like receptor protein 3 inflam-
masome, leading to the cleavage of Gasdermin 
D into its active N-Gasdermin D form. This ac-
tivation promotes the cleavage of caspase-1 
and increases the levels of interleukin-1 beta, 
interleukin-18, and reactive oxygen species 
(ROS), ultimately inducing pyroptosis in cardio-
myocytes [36].

Furthermore, endotoxins stimulate macro-
phages to generate reactive free radicals and 
release lysosomal enzymes, which contribute to 
myocardial cell damage [37]. LPS also induces 
oxidative stress, further exacerbating myocar-
dial injury and impairing cardiac contractility. 
Therefore, endotoxin plays a critical role in 
OJ-related cardiac injury.

Oxidative stress

Oxidative stress is an imbalance between 
the production of ROS and the endogenous 
antioxidant defense mechanisms, leading to 
redox dysregulation [38]. Previous studies have 
demonstrated that OJ induces systemic oxi-
dative stress in multiple organs, including the 
heart, liver, kidneys, brain, lungs, blood, and 
intestines [39-44]. Due to their hydrophobic 
nature, bile acids disrupt membrane stability 
and impair organelle structure and function, 
particularly in mitochondria. This disruption 
results in increased oxygen free radicals and 
lipid peroxidation products, thereby disturbing 
redox homeostasis. Additionally, toxic bile acids 
activate membrane-associated proteins, such 
as nicotinamide adenine dinucleotide phos-
phate oxidases, which catalyze ROS production 
[45]. In 2009, Cruz and Shafarood used a BDL 
mouse model to demonstrate significant oxida-
tive damage in cardiac tissue, characterized by 
elevated levels of malondialdehyde and nicotin-
amide adenine dinucleotide phosphate, along 
with reduced activity of antioxidant enzymes 
such as catalase and glutathione peroxidase 
[46, 47].

Bile acids also induce endoplasmic reticulum 
oxidative stress, leading to the release of cal-
cium ions (Ca2+) into the cytoplasm. The in-
creased intracellular Ca2+ concentration further 
stimulates mitochondria to overproduce ROS, 
exacerbating oxidative stress [48]. ROS can en-
hance Ca2+ influx through L-type calcium chan-
nels and reverse the function of the Na+/Ca2+ 
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exchanger, causing excessive Ca2+ inflow and 
Na+ outflow, which severely disrupts cardiac 
electrophysiology. Additionally, excessive ROS 
inhibit sarcoplasmic reticulum calcium ATPase 
activity, resulting in Ca2+ overload, reduced cal-
cium sensitivity of myofilaments, and ultimately 
impaired cardiac contractile function [49].

Cardiac myocytes are rich in mitochondria, the 
primary source of ROS. Under pathological con-
ditions, toxic bile acids directly interfere with 
mitochondrial respiratory complexes and the 
electron transport chain, leading to excessive 
ROS production. This disrupts the balance of 
proteins involved in mitochondrial fusion and 
fission, inducing apoptosis. The ROS generated 
by mitochondria, known as mitochondrial ROS, 
damage mitochondrial DNA and lipids, impair 
myocardial energy metabolism, and contribute 
to cardiomyocyte apoptosis and heart failure 
[50, 51].

Moreover, ROS activate inflammatory pathways, 
promoting the infiltration of inflammatory cells 
and the release of inflammatory mediators [52]. 
Excessive ROS production also triggers lipid 
peroxidation of myocardial cell membranes, 
leading to structural and functional damage, 
culminating in apoptosis and necrosis of car-
diomyocytes. In summary, these findings sug-
gest that oxidative stress plays a crucial role in 
OJ-induced cardiac injury.

Inflammation

Inflammation is the body’s immune defense 
mechanism against injury, infection, and other 
harmful stimuli [53]. An increasing number of 
studies suggest a strong association between 
inflammation and cardiovascular diseases, with 
inflammation playing a critical role in conditions 
such as myocardial infarction and heart failure 
[54]. In OJ, inflammatory injury has also been 
observed in cardiac tissue. In 2021, Ommati et 
al. reported that the most prominent lesion in 
the cardiac tissue of BDL rats was inflammation 
[55].

Excessive oxygen free radicals and other ROS 
can activate immune cells and trigger inflam-
matory pathways such as NF-κB, c-Jun N-termi-
nal kinase, and activator protein 1, ultimately 
leading to an inflammatory response [56, 57]. 
Biliary obstruction and bile deficiency are key 
pathological events that compromise gut bar-
rier integrity. When OJ patients develop gut 
barrier dysfunction, elevated endotoxin levels 
in the portal and systemic circulation trigger a 
systemic inflammatory response. This leads to 
the release of cytokines and proinflammatory 

mediators such as tumor necrosis factor-alpha 
and interleukin-6 into the bloodstream, exacer-
bating systemic and cardiac inflammation [58]. 
These findings indicate that inflammation plays 
a significant role in OJ-induced cardiac injury.

Nitric oxide

Nitric oxide (NO) is a potent vasodilator synthe-
sized by vascular endothelial cells. It induces 
vasodilation by activating guanylate cyclase, 
thereby increasing intracellular cyclic guano-
sine monophosphate levels [59]. Excessive NO 
production has been implicated in cardiovascu-
lar dysfunction, including decreased vascular 
responsiveness to adrenergic receptor agonists 
and the induction of bradycardia in OJ animal 
models [8, 9].

In OJ, endotoxins activate vascular smooth 
muscle cells and macrophages, leading to ex-
cessive NO production [60]. This disrupts the 
balance between vasodilation and vasocon-
striction, resulting in persistent vasodilation, 
reduced blood pressure, and impaired coronary 
perfusion [61]. In 2005, researchers isolated 
thoracic aortas from rats and mice and pre-
contracted the vessels with phenylephrine 
before examining the effects of acetylcholine 
and taurine-conjugated deoxycholic acid in the 
presence or absence of a nitric oxide synthase 
inhibitor and lithocholic acid (a bile acid). Their 
findings confirmed that the vasodilatory effects 
of bile acids were NO- and endothelium-depen-
dent [62].

Moreover, NO contributes to cardiomyocyte 
apoptosis by regulating multiple signaling path-
ways [63]. In BDL mice, intraperitoneal injec-
tion of L-NAME (a non-selective nitric oxide syn-
thase inhibitor) reduced myocardial NO levels, 
improved cardiac structural abnormalities, and 
decreased cardiomyocyte apoptosis [47]. These 
findings suggest that NO plays a crucial role in 
the pathogenesis of jaundice-related cardiac 
injury and may exacerbate myocardial damage 
under pathological conditions.

Autophagy

Autophagy is a highly conserved cellular pro-
cess that delivers cytosolic components to lyso-
somes for degradation and recycling. The term 
“autophagy,” derived from the Greek words for 
“self-eating,” was first introduced by Deter in 
1967 [64, 65]. Autophagy plays a critical role 
in maintaining cardiac structure and function. 
Previous studies have demonstrated its involve-
ment in various cardiac diseases, including 
diabetic cardiomyopathy, doxorubicin-induced 
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cardiomyopathy, myocardial ischemia, heart 
failure, and genetic cardiomyopathy [66-70]. 
By clearing misfolded proteins, damaged mi-
tochondria, and other organelles, autophagy 
contributes to the preservation of normal cardi-
ac function [71]. Additionally, research has sug-
gested that autophagy plays a significant role in 
organ injury, including liver and intestinal dam-
age, in OJ [72, 73].

In 2024, Wang et al. investigated myocardial 
injury induced by common bile duct ligation in 
rats. Their study showed that under OJ condi-
tions, cardiac tissue exhibited increased levels 
of autophagy markers, such as light chain 3-II 
and Beclin-1 [74]. Furthermore, cholestasis 
inhibits autolysosome formation. Cholesterol 
7α-hydroxylase catalyzes the conversion of cho-
lesterol into bile acids, which subsequently acti-
vate the nuclear receptors farnesoid X receptor 
and intestinal fibroblast growth factor, both of 
which suppress autophagy-related transcrip-
tional genes [75].

In the late stages of OJ, decreased connexin 43 
expression leads to excessive autophagy activa-
tion through the adenosine monophosphate-ac-
tivated protein kinase-mammalian target of 
rapamycin-unc-51-like autophagy activating 
kinase 1 signaling pathway, further exacer-
bating myocardial injury [74]. Additionally, bile 
acids upregulate p62 and Beclin-1 expression, 
thereby enhancing autophagy. The phospha-
tidylinositol 3-kinase-Beclin complex recruits 
the autophagy-related 12-autophagy-related 5 
complex and autophagy-related 16 multimers. 
These proteins, along with microtubule-associ-
ated protein light chain 3, promote the forma-
tion of autophagic vesicles [76].

These findings highlight the significant role 
of autophagy in cardiac injury caused by OJ. 
However, studies investigating the involvement 
of autophagy in OJ-induced cardiac injury re-
main limited. Nevertheless, current evidence 
suggests that autophagy is a key mechanism 
underlying jaundice-associated cardiac dys-
function and warrants further investigation.

Apoptosis

Apoptosis is a key mechanism of programmed 
cell death. The term “apoptosis” was first intro-
duced by Kerr et al. in 1972 to describe a dis-
tinct form of morphological cell death [77]. To 
date, numerous studies have demonstrated the 
role of apoptosis in various cardiac diseases, 
including myocardial infarction, heart failure, 
coronary artery disease, myocardial ischemia, 
ischemia/reperfusion injury, and diabetic car-

diomyopathy [78-80]. Recent research has also 
indicated that OJ induces cardiomyocyte apop-
tosis [81]. Apoptosis is mediated through two 
major pathways: the intrinsic and extrinsic path-
ways [82]. The intrinsic pathway is triggered 
by factors such as ischemia, hypoxia, oxidative 
stress, DNA damage, and toxic drugs effects 
[83]. In contrast, the extrinsic pathway is typi-
cally activated by death receptor superfamily li-
gands, such as tumor necrosis factor-alpha [84, 
85].

In 2010, BDL mouse experiments demonstrat-
ed positive TUNEL staining in myocardial tis-
sue from cholestatic mice on day 3, indicating 
increased apoptosis [47]. In 2014, Abbasi et 
al. further confirmed an increased number of 
apoptotic cardiomyocytes in a rat model of bile 
duct ligation, supporting the role of apoptosis 
in the pathogenesis of the “Jaundiced Heart” 
[86]. That same year, Nam et al. investigated 
the apoptotic pathways involved in myocardial 
apoptosis in BDL mice after two weeks [87]. 
They intravenously injected CD178 [Fas ligand 
(FasL)] monoclonal antibodies via the caudal 
vein at day 12 post-BDL and found that FasL 
antibody treatment significantly improved myo-
cardial contractility in BDL mice. Their study 
also demonstrated that the Fas receptor, a 
member of the TNF superfamily, recruits the 
adaptor protein Fas-associated death domain-
and caspases upon trimerization, forming a 
multiprotein complex. This process leads to 
the recruitment of caspase-8, initiating a cas-
cade that ultimately activates caspase-3 and 
caspase-7, thereby triggering the extrinsic 
apoptosis pathway [87].

B-cell lymphoma-2 (Bcl-2) associated X protein 
and Bcl-2 are key members of the Bcl-2 protein 
family and play crucial roles in apoptosis, partic-
ularly in the intrinsic pathway. Bcl-2 associated 
X protein, a pro-apoptotic protein, induces mi-
tochondrial outer membrane permeabilization, 
leading to the release of pro-apoptotic factors 
such as cytochrome c into the cytoplasm. This, 
in turn, activates cytosolic signaling pathways, 
recruiting caspase recruitment domain proteins 
to caspase-9, ultimately triggering apoptosis 
through caspase activation and resulting in cell 
death [88]. In 2021, Moheimani et al. demon-
strated that in BDL rats, activation of caspases, 
along with the involvement of Bcl-2 associated 
X protein and Bcl-2 family proteins, plays a cen-
tral role in myocardial apoptosis [89]. These 
studies collectively confirm that apoptosis is a 
key mechanism in myocardial injury induced by 
BDL.

Current treatment influencing factors



33

Perioperative Precision Medicine 2025; 3 (1): 28-38. PPM25010422

Perioperative Precision Medicine

Currently, there are no well-established preven-
tive measures for cardiac injury in OJ. In this 
review, we summarize treatment-related factors 
that may influence the prognosis of OJ-induced 
cardiac injury.

Selection of anesthetic drugs

Patients with OJ undergoing anesthesia expe-
rience significant fluctuations in mean arterial 
pressure before and after induction, making 
them more susceptible to hypotension or bra-
dycardia. Additionally, the incidence of delayed 
postoperative awakening in OJ patients is high-
er than in non-OJ patients [90]. Therefore, care-
ful selection of anesthetic agents is crucial.

Propofol, a widely used intravenous anesthet-
ic, has cardiovascular depressant effects. In 
a study using male Sprague-Dawley rats with 
BDL models, researchers found that myocardial 
function was impaired in the BDL group. Low 
to moderate concentrations of propofol did not 
further impair cardiac function, whereas high 
doses significantly reduced myocardial perfor-
mance [91]. Thus, propofol should be adminis-
tered with caution in OJ patients, with careful 
dose adjustment and continuous cardiac mon-
itoring to prevent excessive myocardial sup-
pression. Interestingly, propofol has also been 
found to protect vascular endothelial cells by 
significantly reducing H2O2-induced caspase-3 
activity, thereby inhibiting apoptosis and exert-
ing a cardioprotective effect [92].

Etomidate, another commonly used anesthet-
ic, has also been studied in the context of OJ. 
However, its relationship with OJ-related cardi-
ac injury remains poorly understood. Song et 
al. compared 20 OJ patients with 20 non-OJ 
patients and found that the OJ group required 
lower doses of etomidate than the control 
group [93]. These findings suggest that differ-
ent anesthetic agents may have varying effects 
on OJ patients. Anesthetic selection should be 
carefully considered to avoid exacerbating car-
diac injury in this population.

Traditional Chinese medicine (TCM)

TCM has shown has shown potential in prevent-
ing cardiac injury in OJ. Alam et al. proposed 
that the combination of lupeol and naringin 
effectively alleviates myocardial injury in BDL 
rats. This combination enhances antioxidant 
enzyme activity (superoxide dismutase, cata-
lase, and Glutathione), scavenges free radicals, 
and reduces oxidative stress, thereby protect-
ing cardiomyocytes. Additionally, it inhibits NF-
κB/p65 expression, suppressing inflammatory 
responses and further preventing myocardial 
damage [94].

Astragalus, a well-known TCM herb, has been 
studied for its cardioprotective effects. As-
tragaloside IV, a bioactive compound found in 
Astragalus roots, has been shown to reduce 
isoproterenol-induced myocardial injury by de-
creasing cytoplasmic Ca2+ levels. Additionally, it 

Figure 1. Illustration of the mechanisms of cardiac injury in obstructive jaundice. TLR4, Toll-like receptor 4; NF-
κB, nuclear factor kappa B; NLRP3, NOD-like receptor (NLR) family pyrin domain-containing 3; ER, endoplasmic 
reticulum; AMPK, Adenosine monophosphate-activated protein kinase; m-TOR, mammalian target of rapamycin; 
ULK1, Unc-51 like autophagy activating kinase 1; Fas, Fas cell surface death receptor; FADD, Fas-associated pro-
tein with death domain.
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lowers malondialdehyde levels while increasing 
superoxide dismutase activity, suggesting that 
its antioxidant properties may contribute to its 
cardioprotective effects [95].

Perioperative impact

Optimizing preoperative assessment, intraop-
erative management, and postoperative care 
can improve patient prognosis and reduce mor-
tality. Preoperative biliary drainage helps lower 
bilirubin levels, mitigate cardiotoxic effects, 
and enhance cardiovascular function. During 
surgery, patients with OJ are prone to hypovo-
lemia, necessitating aggressive fluid therapy to 
maintain adequate circulating blood volume. 
Additionally, due to the high incidence of car-
diovascular depression in these patients, con-
tinuous cardiovascular monitoring is essential. 
Cardiovascular support medications should be 
administered as needed to stabilize blood pres-
sure and heart rate [96].

Future research

A 2024 study on OJ rats revealed that elevated 
bile acid levels, in conjunction with increased 
LPS concentrations, induce pyroptosis and ex-
acerbate hepatic injury [97]. Extensive evidence 
has demonstrated the role of pyroptosis in var-
ious forms of myocardial injury [98]. However, 
few studies have investigated the role of pyro-
ptosis in OJ-induced cardiac injury. Whether py-
roptosis occurs in the myocardium of patients 
with OJ remains an open question, warranting 
further research.

Current research on cardiac injury in OJ re-
mains limited, and many areas require further 
exploration. Omics technologies, with their 
high-throughput and high-sensitivity capabili-
ties, enable dynamic monitoring of endogenous 
small-molecule metabolites. By systematically 
analyzing metabolic changes under physiologi-
cal and pathological conditions, omics research 
can provide valuable insights into the complex 
mechanisms underlying OJ-induced cardiac in-
jury.

Conclusion

OJ can lead to multiple systemic complications, 
with the heart being one of the most affected 
organs. The clinical manifestations of OJ-in-
duced cardiac injury are diverse, significantly 
impacting patients’ quality of life and prognosis. 
Early identification and intervention are crucial 
for improving patient outcomes.

The toxic effects of bile acids, inflammation, 

oxidative stress, endotoxemia, NO dysregula-
tion, apoptosis, and pyroptosis all contribute to 
OJ-related cardiac injury. As illustrated in Figure 
1, these mechanisms are interconnected. Bile 
acids and endotoxins can directly trigger in-
flammatory responses or exacerbate inflamma-
tion by increasing oxidative stress. Apoptosis 
and autophagy are often induced by bile acid 
toxicity, while abnormal regulation of these 
processes, combined with severe inflammatory 
responses, leads to myocardial cell damage.

This review summarizes current research on 
the mechanisms of cardiac injury in OJ. Further-
more, it proposes potential therapeutic strate-
gies and research directions for future studies.

Author contributions: Chunyang Li drafted the 
manuscript, while Mingyao Chen and Dedong 
Zhang contributed to the literature collection. 
Zhenmeng Wang and Tianying Xu reviewed the 
manuscript. All authors approved the final man-
uscript.
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