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Abstract

BACKGROUND

Critical care is rapidly evolving with significant innovations to decrease hospital
stays and costs. To our knowledge, there is limited data on factors that affect the
length of stay and hospital charges in cirrhotic patients who present with ST-
elevation myocardial infarction-related cardiogenic shock (SRCS).

AIM
To identify the factors that increase inpatient mortality, length of stay, and total

hospital charges in patients with liver cirrhosis (LC) compared to those without
LC.

METHODS

This study includes all adults over 18 from the National Inpatient Sample 2017
database. The study consists of two groups of patients, including SRCS with LC
and without LC. Inpatient mortality, length of stay, and total hospital charges are
the primary outcomes between the two groups. We used STATA 16 to perform
statistical analysis. The Pearson's chi-square test compares the categorical
variables. Propensity-matched scoring with univariate and multivariate logistic
regression generated the odds ratios for inpatient mortality, length of stay, and
resource utilization.

RESULTS

This study includes a total of 35798453 weighted hospitalized patients from the
2017 National Inpatient Sample. The two groups are SRCS without LC (n =
758809) and SRCS with LC (n = 11920). The majority of patients were Caucasian in
both groups (67% vs 72%). The mean number of patients insured with Medicare
was lower in the LC group (60% vs 56%) compared to the other group, and those
who had at least three or more comorbidities (53% vs 90%) were significantly
higher in the LC group compared to the non-LC group. Inpatient mortality was
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also considerably higher in the LC group (28.7% vs 10.63%). Length of Stay (LOS) is longer in the
LC group compared to the non-LC group (9 vs 5.6). Similarly, total hospital charges are higher in
patients with LC ($147407.80 vs $113069.10, P < 0.05). Inpatient mortality is lower in the early
percutaneous coronary intervention (PCI) group (OR: 0.79 < 0.11), however, it is not statistically
significant. Both early Impella (OR: 1.73 < 0.05) and early extracorporeal membrane oxygenation
(ECMO) (OR: 3.10 P < 0.05) in the LC group were associated with increased mortality. Early PCI (-
2.57 P < 0.05) and Impella (-3.25 P < 0.05) were also both associated with shorter LOS compared to
those who did not. Early ECMO does not impact the LOS; however, it does increase total hospital
charge (addition of $24717.85, P < 0.05).

CONCLUSION

LC is associated with a significantly increased inpatient mortality, length of stay, and total hospital
charges in patients who develop SRCS. Rural and Non-teaching hospitals have significantly
increased odds of extended hospital stays and higher adjusted total hospital charges. The
Association of LC with worse outcomes outlines the essential need to monitor these patients
closely and treat them early on with higher acuity care. Patients with early PCI had both shorter
LOS and reduced inpatient mortality, while early Impella was associated with increased mortality
and shorter LOS. Early ECMO is associated with increased mortality and higher total hospital
charges. This finding should affect the decision to follow through with interventional management
in this cohort of patients as it is associated with poor outcomes and immense resource utilization.

Key Words: Gastroenterology; Hepatology; Liver; ST-elevation myocardial infarction; Cardiogenic Shock;
Percutaneous coronary intervention; Impella; Extracorporeal membrane oxygenation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This paper was written to identify the predictors of mortality and the effect of liver cirrhosis on
patients who develop ST-elevation myocardial infarction-related cardiogenic shock requiring interven-
tional management. We reviewed the effect of liver cirrhosis on mortality, length of stay, and total hospital
charges. We hope that this article will help build the foundation for future studies that will benefit this
population of patients.
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INTRODUCTION

The understanding of Liver cirrhosis (LC) and its relationship with cardiovascular disease (CVD) has
evolved over the last half-century. Initial theories suggested an inverse relationship between LC and
CVD development[1,2]. These theories are based on the pathophysiology of LC and its effects on known
CVD risk factors such as reduced cholesterol and systemic blood pressure. Autopsy studies that showed
that plaque burden and myocardial infarction were less prevalent amongst those with LC support this
hypothesis[2]. More recent epidemiologic studies refute this notion and portray a positive correlation
between LC and CVD risk[3]. This risk elucidates the increasing incidence of obesity and the emergence
of nonalcoholic fatty liver disease as the leading cause of cirrhosis. This disease process shares many
risk factors (diabetes, obesity, etc.) with coronary artery disease[4,5].

Patients with liver cirrhosis develop thrombocytopenia, do not synthesize coagulation factors
properly, and have delayed clearance of pro and anti-thrombotic factors, placing them at an increased
risk of bleeding and thrombosis[6]. The cornerstone of managing ST-elevation myocardial infarction
(STEMI) is revascularization and initiation of antiplatelet agents, and clinical trial data to guide the
management of patients with LC and STEMI are lacking as most studies exclude this patient population
[7]. To complicate matters further, a potential sequela of STEMI is cardiogenic shock, which requires
consideration of mechanical circulatory support such as extracorporeal membrane oxygenation (ECMO)
or ventricular offloading devices. Abnormal coagulation makes treating patients with LC who present
with STEMI challenging. The bleeding risk cirrhosis poses might dissuade providers from pursuing
percutaneous coronary intervention (PCI), an intervention shown to decrease mortality in patients with
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STEMI[8]. The optimal strategy, timing, and whether the benefit of such interventions is the same for
those patients with LC as the general population is not well studied. Our study aims to identify the
predictors of mortality and observe hospitalization outcomes (length of stay (LOS), mortality, and total
hospital charges) in patients with LC who develop STEMI-related cardiogenic shock and receive
standard revascularization and circulatory support interventions, including PCI, Impella, and ECMO
during their hospitalization.

MATERIALS AND METHODS

We conducted a retrospective study using the 2017 National Inpatient Sample (NIS) database, created
by The Agency for Healthcare Research and Quality. The NIS is designed as a stratified probability
sample to represent all non-federal acute care inpatient hospitalizations in the United States. The
population depicted in the database is a randomly selected 20% of the total population from all
participating hospitals. Both patient and hospital-level information are collected from these patients and
entered into NIS. Information about patients, including demographics, diagnoses, and resource
utilization, including length of hospital stay, procedures, and total hospitalization charges, is utilized.
NIS does not include unique patient identifiers. Hospitals categorize by bed size, geographical location,
teaching status, and urban/rural location. Each hospital discharge is weighted (weight is equal to the
total number of patient discharges from all acute care hospitals in the United States divided by the
number of discharges included in the 20% sample) to depict a nationally representative sample. Up to
25 discharge diagnoses and 25 procedures are collected using the International Classification of
Diseases, 10" Revision, Clinical Modification (ICD-10-CM) coding system. NIS has previously been used
to provide reliable estimates of the burden of gastrointestinal diseases[1,9,10].

Study sample

Patients are included in the study if they had a primary ICD-10 diagnosis code indicating STEMI or
STEMI related cardiogenic shock and liver cirrhosis. Inclusion criteria were patients above the age of 18
and non-elective admission. In the 2017 NIS, there are a total of 35798453 weighted discharges.

Study variables

The exposure of interest was the presence of STEMI or STEMI related cardiogenic shock in patients with
liver cirrhosis. The variable STEMI or STEMlI-related cardiogenic shock is a principal diagnosis. The
variable LC is a principal or secondary diagnosis. Other variables, including factors to assess the
severity of LC (ascites, gastrointestinal bleed, etc.), and inpatient outcome measures are also secondary
diagnoses.

Patient demographics are provided directly in NIS and consist of age (assessed as a continuous
variable), sex, race (Caucasian, African American, Hispanic, Asian or Pacific Islander, Native American,
and other), median income in the patient's ZIP code (quartile 1: $1-38999; quartile 2: $39000-47999;
quartile 3: $48000-63999; quartile 4: $640001), primary insurance (Medicare, Medicaid, private insurance,
and uninsured), and comorbidities measured by the Charlson Comorbidity Index (CCL; categorized as 0,
1 to 2, or over 2), Elixhauser comorbidity index, as well as hospital location (rural vs urban), region
(Northeast, Midwest, West, or South), teaching status, and size (small, medium, or large).

Outcome

The primary outcome in this study is inpatient mortality in LC patients that developed STEMI or SRCS
and underwent an interventional procedure including PCI, Impella placement, or ECMO during the
hospitalization. PCI and Impella were defined as "early" if performed within the first 24 h of admission.
ECMO was defined as early if it occurred within the first days of admission. Inpatient mortality was
compared between the liver cirrhosis patients who received the procedures before and those that
received the procedures after the period defined as early. The secondary outcomes included length of
stay and total hospital charges between the two cohorts.

Predictors of inpatient mortality [sepsis, acute kidney injury (AKI), AKI on chronic kidney injury,
cardiac arrest, any bleed/hemorrhage, electrolyte, and fluid disturbances, all gastrointestinal bleeds,
respiratory failure requiring mechanical ventilation] and markers of decompensated cirrhosis [hypoal-
buminemia, hepatic encephalopathy (HE), portal vein thrombosis, variceal upper gastrointestinal bleed,
ascites, coagulopathy, spontaneous bacterial peritonitis (SBP), and hepatorenal syndrome (HRS)] were
generated using secondary diagnosis codes. We cannot use Child-Pugh and model for end-stage-liver-
disease (MELD) scoring to stratify the severity of liver cirrhosis as they do not exist as ICD-10 codes.
Therefore, previously generated variables by the CCI were utilized (mild liver disease and moderate-
severe liver disease) as a placeholder for previously validated scoring systems but cannot be a
replacement.
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Statistical analysis

Continuous variables were compared using the Student ¢-test, and categorical variables were compared
using the chi-square test. Univariate analysis was conducted using logistic regression to identify
confounders. Confounders were adjusted for using multivariate logistic regression analysis. The model
was constructed by including all statistically significant variables associated with the outcome on
univariate analysis with a cutoff P value of 0.2 to construct a more accurate model. In addition, all
variables considered to be clinically meaningful predictors of the outcomes (based on prior studies'
findings) were included in the regression analysis regardless of the P value.

All statistical analysis was performed using STATA 16 (StataCorp LP, College Station, TX, United
States). Survey (svy) commands were used to account for the stratified sampling design of the NIS. A
two-tailed P value of 0.05 marks the threshold for significance for all tests. Two different methods
control confounders in this study: Propensity matched scoring and multivariate logistic regression.
Propensity scores match patients with SRCS with and without liver cirrhosis. A non-parsimonious
multivariate logistic regression model was generated using the following variables: Age, sex, race,
income in patient's zip code, Charlson's comorbidity index, insurance status, hospital location, hospital
teaching status, hospital bed size, and hospital region. This robust double method for controlling
confounders was then used to calculate treatment weights. The inverse probability of treatment weights
was used to match cases with controls using a generalized linear model. Secondary analysis was
computed using multivariate logistic regression using all variables significantly associated with the
outcome on univariate analysis (with a P value cutoff of 0.2). Any variable believed to be a critical
confounder identified from previous literature was added to optimize the model. Logistic regression
was utilized to analyze binary outcomes, while linear regression was adopted for continuous variables.
Proportions were compared using the Fisher exact test, and continuous variables were compared using
the Student t-test.

RESULTS

Figure 1 illustrates a flow diagram for study inclusion. From the 35798453 weighted hospitalizations in
the United States during 2017, 770730 patients met the inclusion criteria. Table 1 demonstrates the
baseline patient characteristics. Patients with liver cirrhosis were younger, with a mean age of 62.7
compared to 66.7 in those without liver cirrhosis. LC patients have a higher percentage of Hispanic
patients (13% vs 9% P < 0.05). The two groups have a similar percentage of females, hospital bed size
distribution, hospital region, hospital location, and median household income. Patients with LC have a
higher proportion with Medicaid insurance (21% vs 10% P < 0.05) and a lower percentage of patients
with Medicare (56% vs 60%). The LC cohort also had more comorbidities reflected by a higher Charlson
Comorbidity Index (CCI) (90% vs 53%. P < 0.05). Figure 2 illustrates baseline comorbidities. Patients
with LC have higher percentages of almost all comorbidities listed.

Figure 3 visualizes the odds of mortality of each intervention. The overall inpatient mortality rate was
higher for SRCS patients with liver cirrhosis (28.7% vs 10.63%. P < 0.05). After adjusting for potential
confounders, the odds of inpatient mortality were higher at 2.25 (CI 1.98-2.55, P < 0.05) for patients with
LC compared to those without LC. Patients who had an early PCI had lower odds of mortality (OR: 0.79,
CI: 0.6-1.05, P < 0.11) than those who had it later, but this was not statistically significant. Patients who
had an early Impella (OR: 2.30, CI: 1.73, CI: 1.34-2.23, P < 0.05) and early ECMO (3.10: CI 2.43-3.95, P <
0.05) had higher odds of mortality compared to those who had it later than the defined period.

Factors of morbidity and decompensated cirrhosis

Through propensity-matched multivariate regression, moderate-severe liver disease (OR: 3.19, CI: 2.83-
3.58, P < 0.05) shows higher odds of mortality compared to mild-liver disease (OR: 1.38, CI: 1.23-1.57, P
< 0.05). Table 2 depicts individual markers of decompensated cirrhosis and their respective odds of
mortality.

Predictors of mortality

Table 3 depicts propensity-matched adjusted. Sepsis (OR: 2.12, CI: 1.66-2.72, P < 0.05), AKI (OR: 2.72, CL:
2.01-3.68, P < 0.05), cardiac arrest (OR: 4.87, CI: 3.85-6.67, P < 0.05), and any bleed or hemorrhage (OR:
2.44, CI: 1.45-4.10, P < 0.05) were associated with statistically significant higher odds of mortality.
Interestingly, the cohort of patients with any GIB was associated with lower mortality odds.

Hospital resource utilization

LOS and total hospital charges are markers of hospital resource utilization. LC patients presenting with
STEMI or SRCS had a mean LOS of 9 d (CI: 5.5-5.6), while patients without LC had a mean LOS of 5.6 d
(CI: 0.1-11.2). Mean LOS of patients with LC who underwent early PCI (6.4 vs 9.8 P < 0.05) and early
Impella (7.9 vs 9.2 P < 0.05) had a shorter LOS compared to those without LC. After propensity-matched
multivariate logistic regression, while adjusting for all confounders, early PCI (-2.57 < 0.05) and early
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Table 1 Patient characteristics

Characteristics SRCS without liver cirrhosis SRCS with liver cirrhosis P value
N = 758810 (%) N =11920 (%)
Patient age, mean (SD) 66.7 (66.6-66.8) 62.7 (62.2-63.2) <0.05
Sex <0.05
Female 293963 (39) 11920 (34)
Male 464847 (61) 7901(66)
Race N (%) <0.05
White 546570 (72) 7996 (67)
Black 96975.918 (13) 1676 (14)
Hispanic 66092 (9) 1525 (13)
Asian or Pacific Islander 21930 (3) 273 (2)
Native American 4325 (1) 118 (1)
Other 22840 (3) 330 (3)
Insurance, N (%) <0.05
Medicare 456880 (60) 6728 (56)
Medicaid 79068 (10) 2495 (21)
Private 188716 (25) 2145 (18)
Uninsured 34146 (5) 552 (5)
Household median income, N (%) <0.05
1-38999 232348 (31) 4271 (36)
39000-47999 210114 (28) 3055 (26)
48000-62900 175513 (23) 2595 (22)
> 63000 140835 (18) 1998 (17)
Bed size, N (%) <0.05
Small 124065 (16) 1665 (14)
Medium 230602 (30) 3454 (29)
Large 404218 (53) 6800 (57)
Hospital region <0.05
Northeast 134309 (18) 1860 (16)
Midwest 170201 (22) 2360 (20)
South 306180 (40) 4915 (41)
West 148196 (20) 2785 (23)
Hospital location <0.05
Rural 51220 (7) 465 (4)
Urban 707590 (93) 11455 (96)
Charlson comorbidity index, mean (SD) <0.05
0 10016 (1) 0
1 166938 (22) 335 (3)
2 176043 (23) 830 (7)
3 405736 (53) 10755 (90)
SRCS: ST-elevation myocardial infarction-related cardiogenic shock.
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Table 2 Propensity matched adjusted odds of decompensated liver cirrhosis markers as predictors of mortality

Markers of decompensated cirrhosis N (%) Adjusted odds Lower limit Upper limit P value
Hypoalbuminemia 460 (4) 1.38 1.04 1.82 <0.05
Hepatic encephalopathy 1855 (16) 3.06 241 3.9 <0.05
Portal vein thrombosis 310 (3) 1.13 0.72 1.77 0.6
Variceal upper GI bleed 825 (7) 1.81 1.03 3.19 <0.05
Ascites 2155 (18) 191 1.62 227 <0.05
Coagulopathy 1290 (11) 218 1.86 2.56 <0.05
SBP 295 (2) 2.38 0.69 8.32 0.17
Hepatorenal syndrome 945 (8) 1.69 122 2.34 <0.05

GI: Gastrointestinal; SBP: Spontaneous bacterial peritonitis.

Table 3 Propensity matched adjusted odds of inpatient outcomes as predictors of mortality

Adjusted odds of mortality propensity matched- needs Lower Upper P

In-hospital outcomes

update limit limit value
Sepsis 2.12 1.66 2.72 <0.05
AKI on CKD 0.65 0.4 1.06 0.08
AKI 2.72 2.01 3.68 <0.05
AKI on CKD 2.24 1.84 274 <0.05
Cardiac arrest 4.87 3.85 6.67 <0.05
Stroke 1.06 0.45 25 0.89
Any bleed/hemorrhage 244 1.45 41 <0.05
Electrolyte and fluid disturbance 0.95 0.45 1.99 0.89
All GI bleed 0.42 0.25 0.73 <0.05
Respiratory failure requiring mechanical 1.14 0.74 1.78 0.55

ventilation

AKI: Acute kidney injury; CKD: Chronic kidney disease; GI: Gastrointestinal.

35798453 patients

Patients that didn't have liver cirrhosis
and STEMI-related cardiogenic shock,
were over 18, or were admitted non-
electively 35027723

770730

DOI: 10.4254/wjh.v14.i4.766 Copyright ©The Author(s) 2022.

Figure 1 lllustrates a flow diagram for study inclusion. STEMI: ST-elevation myocardial infarction-related cardiogenic shock.

Impella (-3.25 < 0.05) had a mean average shorter LOS compared to the population without liver
cirrhosis. Mean LOS of SRCS patients between patients with and without LC who had an early ECMO is
not statistically significant (9 vs 8.9, P = 0.85) and remains so even after adjusting for confounders (-0.79
< 0.20). Early PCI has lower total hospital charges ($144360.30 vs $148362.40), but the difference was not
statistically significant (-$11215.00, P = 0.22). Early Impella has higher total hospital charges ($152088.30
vs $146418.70), with a statistically significant adjusted mean difference (-$26103.57, P = 0.05). However,
early ECMO increases inpatient total hospital charges ($171334.80 vs $133881.8), and after adjustment
for confounders with multivariate logistic regression, SRCS patients with LC when compared to those
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Figure 2 This bar chart provides a direct visual comparison of the baseline comorbidities between the two groups. AIDS: Acquired immune
deficiency syndrome; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; HIV: Human immunodeficiency virus; HLD: Hypomyelinating
leukodystrophies; CHF: Chronic heart failure; PVD: Peripheral vascular disease.
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Figure 3 This Forrest plot reflects the mortality odds ratios for each intervention for cirrhotic patients with ST-elevation myocardial
infarction-related cardiogenic shock. SRCS: ST-elevation myocardial infarction-related cardiogenic shock; PCI: Percutaneous coronary intervention.
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without LC were found to have an average of $24717.85 (P < 0.05) higher total hospital charges than
those without liver cirrhosis.

DISCUSSION

In this retrospective study, we evaluate the predictors of mortality and the outcomes of patients with LC
who develop SRCS compared to a propensity-matched cohort without LC. We note increased rates of
inpatient complications, longer lengths of hospital stay, higher total hospital charges, and an overall
higher mortality rate in the cohort of patients with LC.

We find sepsis, AKI, cardiac arrest, any bleed or hemorrhage as predictors of mortality. Despite
significantly higher bleeding rates in SRCS patients with LC (23% vs 11%), bleeding does not increase
the odds of mortality. Not surprisingly, having a cardiac arrest has the highest odds of mortality (OR:
6.67, P < 0.05). This relationship has been seen in previous studies portraying patients with LC who
undergo cardiac arrest have a significantly higher mortality rate than those without LC[11]. This is
likely multifactorial and may in part be due to their higher rates of comorbidities, non-shockable
rhythms, and non-cardiac causes of cardiac arrest, including severe electrolyte disturbances,
hemorrhage, or infection[11-14]. Patients with LC are particularly prone to infection and sepsis due to
cirrhosis-associated immune dysfunction, disruption in gut permeability, increased bacterial translo-
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cation, and upregulation of systemic inflammatory mediators, infection, and sepsis[12,15,16]. Moreover,
external factors, including the overuse of proton-pump inhibitors, corticosteroids, broad-spectrum
antibiotics, and repeated hospital admissions, place these patients at further risk of infections from
invasive and multidrug-resistant organisms. In a recent study done in North America, nosocomial
infections developed in 15% of hospitalized patients with cirrhosis and were associated with an
increased risk of death[16].

Acute kidney injury is also associated with increased mortality and length of hospital stay amongst
all hospitalized patients[17,18]. A recent meta-analysis finds that AKI increases the risk of acute
coronary syndrome, suggesting that AKI increases the risk of early mortality[19]. Our study suggests
AKI, one of the most common complications of cirrhosis, is one of the highest predictors of mortality in
the LC cohort, second only to cardiac arrest[1,20]. This is likely due to the underlying disease-specific
physiology of cirrhosis. Portal hypertension causes splanchnic and systemic vasodilation leads to a
compensatory increase in systemic vasoconstrictors, renal water and salt retention, and ultimately
inadequate renal perfusion flow[1]. The underlying physiology behind portal hypertension coupled
with intravascular volume depletion secondary to gastrointestinal bleeding, diuretic use, and lactulose-
induced diarrhea leads to AKI development in about 20% of hospitalized patients with LC[17,20,21].
These patients develop AKI predominantly secondary to HRS and acute tubular necrosis, both of which
tend to occur more commonly in more decompensated LC[19]. A recent systems biologic analysis
suggests that the inflammatory state of HRS is similar to that of a chronic non-hepatic inflammatory
disease, like systemic lupus erythematosus[22]. Our study's findings align with previous literature
highlighting increased morbidity and mortality with the onset of AKI and HRS[17,21].

Patients with LC are also known to have an increased risk of bleeding. Frequent readmissions for
gastrointestinal bleeding, chronic thrombocytopenia, and the elevated international normalized ratio of
prothrombin time support this notion[23,24]. Recent evidence suggests that cirrhotic patients may have
prothrombotic tendencies as well, rather than solely bleeding diathesis[23,24]. Unfortunately, it cannot
be temporally determined when bleeding or thrombosis occurred during the hospital admission.
Nevertheless, our findings suggest that both coagulopathy and bleeding directly relate to mortality. As
of yet, there is no defined correlation between the MELD score and bleeding complications[24,25]. There
is limited data on the benefits of transfusion of blood products for a goal INR or platelet count. One
study concluded that an elevated INR (> 1.5) was not predictive of post-procedural bleeding in the LC
group[26,27]. Another study found that transfusion of fresh frozen plasma (FFP) did not provide any
clear benefit in preventing bleeding risk[27]. Platelet transfusions also offer little help in patients with
LC due to the short half-life from splenic sequestration[26,27]. Our study indicates that bleeding and
coagulopathy increased mortality in patients with SRCS. The dilemma then reverts to using these
corrective measures to prevent bleeding and coagulopathic events in this population. Our study results
indicate that it may be beneficial to correct red blood cell and platelet counts before interventional
procedures; however, further randomized controlled trials are vital to defining what the best method of
correction would be and to what extent.

We also found that patients with markers of decompensated cirrhosis had increased odds of
mortality. Liver cirrhosis results in a myriad of microvascular structural changes and functional
derangements of synthetic liver function, leading to hemostasis abnormalities, portal hypertension, and
circulatory dysfunction develop[28,29]. As the severity of the disease progresses, the intensity of the
splanchnic vasodilation ultimately contributes to the characteristic hyperdynamic circulation of cirrhosis
and its sequelae of decompensation-defining variable (i.e., HRS, HE, ascites)[28,30]. Our study finds that
the decompensation-defining factors hypoalbuminemia, hepatic encephalopathy, variceal upper
gastrointestinal bleeds, coagulopathy, hepatorenal syndrome, and ascites are associated with the higher
odds of mortality of all. At the same time, SBP and portal vein thrombosis do not increase the odds of
mortality. Our findings reflect the critical variables utilized in the multiorgan assessment to predict
mortality of patients with underlying liver cirrhosis (i.e., Childs-Pugh) CP[31-33]. This study cannot
assess disease severity using these scoring systems; however, we can presume that mortality rises as the
severity of the disease progresses[24,34,35].

A previous nationwide study identified higher odds of mortality in patients with LC who develop
STEMI than those without LC[36]. Another study also identified increased all cause-mortality of liver
cirrhosis patients who develop STEMI compared to those without liver cirrhosis[9]. Some studies debate
that liver cirrhosis may protect against the development of thrombosis by the shifted balance of
coagulation and altered hemostasis[9]. While this remains a debated topic, our study suggests that if a
patient with LC progressed to cardiogenic shock after developing a STEMI, they have significantly
higher rates and odds of mortality. Although the odds of mortality were lower if PCI was performed
within 24 h, it was not statistically significant. However, we find that patients with LC had higher odds
of mortality if both Impella and ECMO were performed early (within five days). This finding may be
because both Impella and ECMO carry risks of hemolysis, bleeding, and increased need for transfusion.
Literature on using percutaneous mechanical circulatory support in patients with LC is scarce; however,
our findings are consistent with a previous study that suggests that inpatient and 1-year mortality rates
were higher in LC if patients had two or more risk factors (age > 65, respiratory indications for ECMO,
hypoalbuminemia, or liver transplantation)[37]. Patients with LC are likely more vulnerable to the
effects of ECMO due to the combination of prothrombotic and anti-thrombotic changes that occur in LC
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[38]. Known complications of ECMO include thrombosis and bleeding from consumptive coagulation
factor deficiency, excessive fibrinolysis, thrombocytopenia, and platelet dysfunction[23,39]. It has been
seen in previous studies that multiorgan dysfunction can occur after ECMO, but it is unclear how it
alters liver function[40]. Nevertheless, the use of ECMO in LC patients should be done after careful
consideration of risks and benefits. More research is vital to evaluate whether hemodynamic and
hemostatic optimization lowers mortality rates[34,41,42].

We also noted that the length of hospital stays and total hospital charges were higher amongst
patients with liver cirrhosis. The economic burden associated with cirrhosis is significant. In 2004, the
US's total direct cost of cirrhosis was approximately $2.5 billion, and the indirect cost was $10.6 billion
[10]. Patients with LC had higher odds of adverse inpatient outcomes, which may lead to further
intervention, delay in discharge, and higher cost of inpatient stay. In previous studies, the presence of
AKI suggests significantly higher inpatient LOS and resource utilization costs[21,43]. Previous studies
have also found that infected cirrhotic patients had a higher risk of mortality and associated higher LOS
and TOS than those that did not have their hospital course complicated by infection[44]. Interestingly,
amongst all patients who received early ECMO, those with LC had significantly higher total hospital
charges despite having similar durations of hospital stay. The need for more blood product transfusion
and albumin infusion in LC may explain this financial discordance.

CONCLUSION

Over the years, it has become evident that patients with LC have worse outcomes. The severity of their
disease correlates with their risk of mortality, inpatient LOS, and total hospital charges[32]. Our study
illustrates which underlying comorbidities, hospital complications, and interventions may increase
these odds. Our findings suggest that patients with SRCS and decompensated LC who develop AKI or
sepsis are at significantly increased odds of mortality and face further increased odds of mortality if
they require early invasive mechanical circulatory support with Impella or ECMO than those without
LC. Further research is needed amongst this population to establish a standardized assessment criterion
for acute risk stratification in SRCS for patients with LC. More research is essential to evaluate whether
hemodynamic and hemostatic optimization lowers mortality rates. Lack of standardization and reliance
on gestalt poses a significant risk of mortality for patients, contributes to existing enormous financial
burdens, and poses a fundamental dilemma to clinicians.

Our study has some limitations inherent to its retrospective database analysis design. First, the data
was obtained from an administrative database. This database uses ICD10 codes to identify the clinical
diagnosis rather than clinical parameters. Thus, there is a possibility of misclassification or under-coding
of a diagnosis. There is no way to code for the severity of liver cirrhosis using Child-Pugh classification
or MELD scoring systems. The CCI has a cohort of ICD codes used to define mild liver disease and
moderate-severe liver disease, used as a makeshift placeholder for the scoring systems in this study but
cannot be used as a replacement. We can assume that increasingly severe liver disease would have
worse clinical outcomes, but we cannot definitively assess this in this study. This idea limits further
understanding of how the severity of liver cirrhosis may affect clinical outcomes. We expect any
potential misclassification to be equal between the LC and the non-LC groups. This study also uses
propensity-matched scoring to reduce this bias. Errors do not change the direction or relationship of the
variables. Instead, they make it more challenging to establish a clinical significance. Second, the NIS
database does not contain variables that allow for information such as medications, including types and
dosages, radiological testing, or laboratory values. Instead, similar to previous studies, also utilizing the
NIS database, we provided healthcare resource utilization as reflected by the length of stay and total
hospital charges. Third, because NIS only captures in-hospital mortality, the rate we report may be
slightly underestimated compared to this population's actual calendar year mortality rate. NIS does not
include patients who die at home, en route to the hospital, or even in the emergency department. For
our particular study group, this may be a small number as most of these patients, if at all, are likely to
die at home if they are safely discharged.

Despite these limitations, our study has many strengths. To our knowledge, this is the first study to
identify the impact of LC on interventional management of cardiogenic shock and the effect of its
timings during the admission on the mortality rate. We use the largest publicly available all-payer
inpatient database in the United States, minimizing the likelihood of beta error. Most importantly, the
NIS is a nationally representative sample including small, medium, large, teaching, non-teaching, rural,
urban, for-profit, non-profit, publicly owned, or private hospitals across 47 states allowing it to
encompass 97% of the United States population. This fact makes the study easily generalizable to all
parts of the United States. Due to the United States' diverse population, this also allows for a unique
perspective on the global population. The impressive sample size allows ascertaining certain risk
factors, which would otherwise be difficult in a smaller single-center study. Furthermore, the unique
variables in the database allow for exploring hospitalization costs, household income estimates, and
other patient and hospital factors that may not be available in single-center studies.
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ARTICLE HIGHLIGHTS

Research background
ST-Elevation myocardial infarction (STEMI) remains a significant cause of morbidity and mortality
globally. A particularly susceptible population are patients with liver cirrhosis.

Research motivation
This study aims to find what factors predicted morbidity and mortality in patients with liver cirrhosis
that may need to undergo interventional management for STEMI related cardiogenic shock.

Research objectives
We aim to identify predictors of morbidity and mortality in patient with liver cirrhosis that undergo
interventional management for STEMI related cardiogenic shock. We aim to find the effect of liver

cirrhosis on mortality, length of stay, and hospital costs in patients with STEMI related cardiogenic
shock.

Research methods

We conducted a retrospective review on the national inpatient sample 2017. Using the student t-test and
propensity-matched multivariate logistic regression, we were able to find the P value and odds of
mortality.

Research results

We find that patients with liver cirrhosis have significantly higher morbidity and mortality rates than
those without liver cirrhosis. They are also susceptible to adverse outcomes when undergoing interven-
tional management.

Research conclusions
Physicians must optimize patients with liver cirrhosis before any interventional procedure. Patients
with mild cirrhosis seemed to have better outcomes than patients with moderate-severe liver cirrhosis.

Research perspectives

This research will help build the framework for future studies to study this topic further. The goal
would be to identify a scoring system that would allow physicians to ascertain which patients would be
safely able to undergo interventional management and which would not. As of now, it is mostly under
clinical judgment.
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