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Abstract

:

There have been no reports on mortality in patients with markedly elevated aspartate aminotransferase (AST) levels from non-hepatic causes to date. This study aimed to determine the etiologies of markedly elevated AST levels > 400 U/L due to non-hepatic causes and to investigate the factors associated with mortality in these cases. This retrospective study included 430 patients with AST levels > 400 U/L unrelated to liver disease at two centers between January 2010 and December 2021. Patients were classified into three groups according to etiology: skeletal muscle damage, cardiac muscle damage, and hematologic disorder. Binary logistic regression analysis was performed to evaluate the factors associated with 30-day mortality. The most common etiology for markedly elevated AST levels was skeletal muscle damage (54.2%), followed by cardiac muscle damage (39.1%) and hematologic disorder (6.7%). The 30-day mortality rates for the skeletal muscle damage, cardiac muscle damage, and hematologic disorder groups were 14.2%, 19.5%, and 65.5%, respectively. The magnitude of the peak AST level significantly correlated with 30-day mortality, with rates of 12.8%, 26.7%, and 50.0% for peak AST levels < 1000 U/L, <3000 U/L, and ≥3000 U/L, respectively. In the multivariate analysis, cardiac muscle damage (odds ratio [OR] = 2.76, 95% confidence interval [CI] = 1.31–5.80), hematologic disorder (OR = 9.47, 95% CI = 2.95–30.39), peak AST < 3000 U/L (OR = 2.94, 95% CI = 1.36–6.35), and peak AST ≥ 3000 U/L (OR = 9.61, 95% CI = 3.54–26.08) were associated with increased 30-day mortality. Our study revealed three etiologies of markedly elevated AST unrelated to liver disease and showed that etiology and peak AST level significantly affected the survival rate.
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1. Introduction


Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are often referred to as liver function tests, but rather than being true measurements of hepatic function, the release of AST and ALT from hepatocytes into the bloodstream represents hepatocellular injury. ALT is more specific for hepatocellular injury because of its much higher concentration in the liver tissue than in other tissues. In contrast, AST is widely detected in various cells, such as hepatocytes, cardiac and skeletal myocytes, and erythrocytes. The relative activity of AST in various tissues and cells is as follows: 7800 in the heart, 7100 in the liver, 5000 in the skeletal muscle, 4500 in the kidney, 2500 in the brain, 1400 in the pancreas, 700 in the spleen, 500 in the lung, and 40 in erythrocytes [1]. Therefore, elevated serum AST levels can be observed in a wide spectrum of non-hepatic disorders, such as acute coronary syndrome, renal infarction, cerebral infarction, rhabdomyolysis, pulmonary embolism, and hemolysis [2,3].



Elevated aminotransferase levels due to non-hepatic causes are frequently encountered in clinical practice. Skeletal muscle damage (i.e., rhabdomyolysis) is one of the most common non-hepatic causes of elevated aminotransferase levels. The mortality rate of rhabdomyolysis was reported to be 3–9% in non-intensive care unit (ICU) patients and 7–46% in ICU patients [4,5,6,7,8,9,10]. Cardiac muscle damage, such as due to acute myocardial infarction and myocarditis, is also one of the common non-hepatic causes of elevated aminotransferases. In a previous Canadian study, AST elevation above the upper limit of normal (ULN) occurred in 85.6% of patients with ST-elevation myocardial infarction (STEMI), with markedly elevated AST (>10 times the ULN) occurring in 3.3% [11]. In other studies, markedly elevated AST levels occurred in 3–5% of patients with STEMI [12,13]. They also identified that elevated AST was associated with increased mortality in these patients. In patients who underwent coronary artery bypass graft surgery, an elevated postoperative AST level (>300 U/L) was an independent predictor of mortality [14]. Apart from muscle damage, elevated AST levels from hematologic disorders are also occasionally encountered in clinical practice. Several case series of AST elevations in malignant and non-malignant hematologic disorders have been reported [15,16,17,18].



It is well-known that marked elevation of aminotransferase levels is associated with higher mortality, as it usually occurs in the setting of severe hepatic injury, such as in ischemic hepatitis and septic shock in critically ill patients. However, there have been no reports on mortality in patients with non-hepatic causes of markedly elevated AST levels, such as skeletal muscle damage, cardiac muscle damage, or hematologic disorders. Therefore, our study aimed to determine the non-hepatic etiologies of markedly elevated AST levels and investigate the factors associated with mortality in these cases.




2. Materials and Methods


2.1. Study Population


A total of 6074 consecutive patients with markedly elevated AST levels (defined as AST > 400 U/L) due to non-hepatic causes were identified from two centers between January 2010 and December 2021. The exclusion criteria were as follows: (1) age < 18 years (n = 104), (2) loss to follow-up (n = 163), (3) lack of available data (n = 1008), (4) cardiopulmonary arrest on arrival (n = 54), and hepatobiliary causes (n = 4745). The participants of this study included 430 patients with at least one instance of markedly elevated AST > 400 U/L and no evidence of liver disease (Figure 1). If multiple episodes of AST > 400 U/L occurred in one patient during the study period, we selected only the first episode for convenience of analysis.




2.2. Data Collection


Baseline demographics, clinical data, and laboratory data were retrieved from the patients’ medical records. Data on baseline demographics included age, sex, and underlying diseases, such as diabetes, liver cirrhosis, congestive heart failure, and end-stage renal disease. Clinical data included the presence of jaundice, infection, hypotension, need for renal replacement therapy, and hepatic decompensation, defined as the presence of jaundice (bilirubin > 12 mg/dL), hepatic encephalopathy, hepatorenal syndrome, ascites, or documented gastroesophageal variceal hemorrhage. Laboratory data included initial levels of AST, ALT, total bilirubin, direct bilirubin, albumin, alkaline phosphatase, creatine kinase (CK), lactate dehydrogenase, prothrombin time-international normalized ratio (PT-INR), and creatinine, as well as the peak levels of AST, ALT, and total bilirubin.



The index date for the analysis of the initial laboratory data was defined as the first date wherein an AST level > 400 U/L was reached. Serial AST, ALT, and bilirubin levels were measured at least every 1–2 days. The highest AST level within 30 days of the index date was defined as the peak AST level. Three grades for the severity of AST elevation were applied based on the peak AST level: (1) peak AST levels < 1000 U/L (as 400 U/L ≤ AST < 1000 U/L), (2) peak AST levels < 3000 U/L (as 1000 U/L ≤ AST < 3000 U/L), and (3) peak AST levels ≥ 3000 U/L.




2.3. Definitions and Classifications


Patients with markedly elevated AST levels due to hepatobiliary causes were excluded from the study. Hepatobiliary causes included the following: (1) pancreatobiliary diseases, including cholangitis, cholecystitis, and pancreatitis; (2) hepatocellular diseases, including drug-induced liver injury, viral hepatitis, autoimmune hepatitis, pregnancy-related liver disorder, alcoholic liver disease, liver involvement in systemic infection, and acute hepatitis of unknown origin; (3) liver surgery or liver trauma; (4) hepatobiliary malignancy; and (5) ischemic hepatitis. Patients with markedly elevated AST levels due to non-hepatobiliary causes were classified into three groups according to etiology: (1) skeletal muscle damage, (2) cardiac muscle damage, and (3) hematologic disorder (Figure 1).



2.3.1. Skeletal Muscle Damage


Skeletal muscle damage (i.e., rhabdomyolysis) was defined as a serum CK level > 1000 U/L in the presence of skeletal muscle injury. We excluded patients with an insufficient CK profile, peak CK < 1000 U/L, or CK elevation due to myocardial muscle damage. We also excluded patients with elevated CK and AST levels due to concurrent ischemic hepatitis, as ischemic hepatitis resulting from hepatocellular injury is considered to have a greater effect on mortality than skeletal muscle damage. Skeletal muscle damage was stratified into eight causes: (1) excessive physical exertion, including exercise and seizures; (2) direct muscle injury, including crush injuries and burn; (3) muscle ischemia, including generalized ischemia, shock, emboli, thrombus, vascular occlusion, immobilization, and compartment syndrome; (4) temperature extremes, including heat stroke and hypothermia; (5) drugs, toxins, and venom, including alcohol use, benzodiazepine use, statin use, and snake bite; (6) metabolic and endocrine disorders, including hypothyroidism, hypokalemia, hyponatremia, hypernatremia, and diabetic ketoacidosis; (7) infections, including viral, bacterial, and parasitic etiologies; and (8) autoimmune diseases, including polymyositis and dermatomyositis.




2.3.2. Cardiac Muscle Damage


Cardiac muscle damage was defined as a serum CK level > 500 U/L in the presence of cardiac muscle injury. We excluded patients with an insufficient CK profile, peak CK level < 500 U/L, CK elevation due to skeletal muscle damage, and concurrent ischemic hepatitis (defined as sharp increase in aminotransferase > 400 U/L exclusion of other causes of acute liver injury, and in an appropriate clinical setting of cardiac, respiratory, and circulatory failure, and septic shock). Through a retrospective review, patients with cardiac muscle damage and markedly elevated AST were classified into three categories: (1) acute coronary syndrome, including STEMI and non-STEMI, and unstable angina, (2) inflammatory disorders of the heart, including endocarditis, myocarditis, and pericarditis, and (3) perioperative myocardial injury (within 5 days postoperatively).




2.3.3. Hematologic Disorder


Patients with an elevation of AST levels associated with disorders of the blood and blood-forming organs were classified under the hematologic disorder group. We excluded patients with elevated AST levels due to concurrent ischemic hepatitis but included patients with hepatic involvement in hematologic malignancy. Hematologic disorders were classified as (1) malignant, such as leukemia, lymphoma, and multiple myeloma; and (2) non-malignant, such as paroxysmal nocturnal hemoglobinuria, thrombotic thrombocytopenic purpura, idiopathic myelofibrosis, myelodysplastic syndrome, and hemophagocytic lymphohistiocytosis.





2.4. Statistical Analysis


Clinical and laboratory characteristics of patients are expressed as numbers (%) for categorical data and medians (interquartile range) for continuous data. For categorical variables, between-group differences were compared using the Chi-squared test or Fisher’s exact test. For continuous variables, the Mann–Whitney U test and Kruskal–Wallis test were used as appropriate. Survival curves for 30-day mortality were constructed using the Kaplan–Meier method with the log-rank test. Univariate and multivariate binary logistic regression analyses were performed to evaluate the odds ratios (ORs) with 95% confidence intervals (CIs) for 30-day mortality. The accuracy of the initial AST, initial ALT, peak AST, and peak ALT in correlating with 30-day mortality was assessed by the area under the receiver operating characteristic curve. A two-sided p value < 0.05 was considered statistically significant for all analyses. The PASW software (version 18; SPSS Inc., Chicago, IL, USA) and R software (version 3.4.1; R Foundation for Statistical Computing, Vienna, Austria) were used to process the data.




2.5. Ethics Statement


The present study protocol was reviewed and approved by the institutional review boards of Gyeongsang National University Changwon Hospital (IRB File No. 2021-06-032) and Gyeongsang National University Hospital (IRB File No. 2015-07-029). The requirement for informed consent was waived owing to the retrospective design of this study, as determined by the institutional review boards.





3. Results


3.1. Patient Characteristics


The baseline characteristics of 430 subjects are provided in Table 1, among whom 86 were non-survivors and 344 were survivors at day 30. The median age of the patients was 60.5 years and 309 patients were male (71.9%). At enrollment, 21 (4.9%) patients had liver cirrhosis, 58 (13.5%) had diabetes, 21 (4.9%) had congestive heart failure, and 5 (1.2%) had end-stage renal disease. The median initial AST and ALT levels were 657.0 U/L and 207.5 U/L, respectively. The median peak AST level was 782.0 U/L.




3.2. Clinical Outcomes


At enrollment, we identified 325 (75.6%) patients with initial AST levels < 1000 U/L, 94 (21.9%) with initial AST levels < 3000 U/L, and 11 (2.6%) with initial AST levels ≥ 3000 U/L. During the follow-up period, 274 (63.7%) patients had a peak AST level < 1000 U/L, 116 (27.0%) had a peak AST level < 3000 U/L, and 40 (9.3%) had a peak AST level ≥ 3000 U/L. A total of 81 (18.8%) patients with markedly elevated AST levels developed jaundice during the study period. Of the 430 patients, 112 (26.0%) were admitted to the ICU and 13 (3.0%) had hepatic decompensation at enrollment. In the entire study group, the 30-day mortality rate was 20%.




3.3. Non-Hepatic Etiologies of Elevated AST


The three groups of patients are shown in Table 2. The group with the most participants was the skeletal muscle damage group (n = 233, 54.2%), followed by the cardiac muscle damage group (n = 168, 39.1%) and the hematologic disorder group (n = 29, 6.7%). Patients in the skeletal muscle damage group had the highest initial and peak AST levels among the groups. The cardiac muscle damage group had the highest number of patients with diabetes (20.8%) and pre-existing congestive heart failure (8.9%), as well as patients admitted to the ICU (41.1%). The hematologic disorder group had the most patients with hepatic decompensation (13.8%), infection (48.3%), and hypotension (48.3%). The 30-day mortality rates were 14.2%, 19.6%, and 65.5% in the skeletal muscle damage, cardiac muscle damage, and hematologic disorder group, respectively (Figure 2a).



3.3.1. Skeletal Muscle Damage Group


The most common cause of skeletal muscle damage in this group was excessive physical exertion (n = 73), followed by muscle ischemia (n = 49), direct muscle injury (n = 38), and drugs, toxins, and venom (n = 36) (Figure 1). Among these, drugs, toxins, and venom had the highest 30-day mortality rate (30.6%) (Figure 2b).




3.3.2. Cardiac Muscle Damage Group


The most common cause of cardiac muscle damage was acute coronary syndrome (n = 141), followed by perioperative myocardial injury (n = 14) and inflammatory disorders of the heart (n = 13). Among these, inflammatory disorders of the heart had the highest 30-day mortality rate (30.8%).




3.3.3. Hematologic Disorder Group


The hematologic disorder group was divided into malignant hematologic disorders (n = 19), including leukemia (n = 4), lymphoma (n = 8), and multiple myeloma (n = 7), and non-malignant hematologic disorders (n = 10), including paroxysmal nocturnal hemoglobinuria (n = 2), thrombotic thrombocytopenic purpura (n = 1), idiopathic myelofibrosis (n = 1), myelodysplastic syndrome (n = 2), and hemophagocytic lymphohistiocytosis (n = 4). Malignant and non-malignant hematologic disorders had 30-day mortality rates of 68.4% and 60%, respectively.





3.4. Risk Factors Associated with 30-Day Mortality


The area under the receiver operating characteristic curve of the initial AST, initial ALT, peak AST, and peak ALT were 0.558 (95% CI, 0.490–0.626), 0.580 (95% CI, 0.510–0.650), 0.686 (95% CI, 0.621–0.751), and 0.674 (95% CI, 0.609–0.738), respectively (Supplementary Figure S1). Peak AST levels were strongly correlated with 30-day mortality, with mortality rates of 12.8%, 26.7%, and 50.0% for patients with peak AST levels < 1000 U/L, <3000 U/L, and ≥3000 U/L, respectively (Figure 3a). Patients with hematologic disorders had a higher 30-day mortality rate (65.5%) than those with cardiac muscle damage (19.6%, p < 0.001) and skeletal muscle damage (14.2%, p < 0.001) (Figure 3b).



The skeletal muscle group was used as a reference for the etiologic groups while peak AST levels < 1000 IU/L was used as a reference for peak AST levels in the logistic regression analyses. In the univariate analysis, age (OR = 1.04 per year, 95% CI = 1.03–1.06), hepatic decompensation (OR = 6.95, 95% CI = 2.22–21.83), albumin level (OR = 0.22, 95% CI = 0.15–0.33), bilirubin level (OR = 1.22, 95% CI = 1.10–1.36), creatinine level (OR = 1.87, 95% CI = 1.52–2.30), PT-INR (OR = 3.35, 95% CI = 2.15–5.23), hematologic disorder (OR = 11.12, 95% CI = 4.76–25.96), peak AST < 3000 U/L (OR = 2.49, 95% CI = 1.45–4.29), and peak AST ≥ 3000 U/L (OR = 6.83, 95% CI = 3.34–13.95) were associated with 30-day mortality. In the multivariate analysis, age (adjusted OR = 1.04 per year, 95% CI = 1.02–1.06), albumin level (adjusted OR = 0.28, 95% CI = 0.16–0.50), creatinine level (adjusted OR = 1.81, 95% CI = 1.42–2.31), cardiac muscle damage (adjusted OR = 2.76, 95% CI = 1.31–5.80), hematologic disorder (adjusted OR = 9.47, 95% CI = 2.95–30.39), peak AST < 3000 U/L (adjusted OR = 2.94, 95% CI = 1.36–6.35), and peak AST ≥ 3000 U/L (adjusted OR = 9.61, 95% CI = 3.54–26.08) were independently associated with 30-day mortality (Table 3).




3.5. Impact of Etiology and Peak AST Levels on Mortality


In patients with markedly elevated AST levels unrelated to liver disease, we developed a simplified algorithm that incorporates etiology and peak AST levels (Figure 4). First, a non-hepatic cause should be established in all patients with AST levels > 400 U/L. With this, the estimated 30-day mortality rates are 14.2%, 19.6%, and 65.5% in the skeletal muscle damage, cardiac muscle damage, and hematologic disorder group, respectively. Second, each etiological group was stratified according to peak AST levels during follow-up testing. For example, in the skeletal muscle damage group, the 30-day mortality rate in patients with peak AST levels < 1000 U/L was 6.7%, while the 30-day mortality rate of those with peak AST levels ≥ 3000 U/L was 34.6%.





4. Discussion


In this study, we found that the most common non-hepatic cause of markedly elevated AST levels was skeletal muscle damage (54.2%), followed by cardiac muscle damage (39.1%) and hematologic disorders (6.7%). Patients with markedly elevated AST levels unrelated to liver disease had a 30-day mortality rate of 20%. The magnitude of the peak AST levels and etiology of elevated AST levels were independent risk factors of 30-day mortality.



AST activity has been widely detected in various human tissues. It is generally thought that increased levels of circulating AST may reflect direct tissue damage and apoptosis related to liver inflammation, septic shock, acute myocardial infarction, and skeletal muscle injury [19]. In fact, plasma membrane blebs containing cytosolic components have been demonstrated during ischemia-reperfusion injuries in the myocardium and liver [20]. Skeletal muscle is known to contain intracellular proteins such as myoglobin and isozymes such as CK, lactate dehydrogenase, AST, and ALT which may be released into the circulation following muscle injury [21]. Elevated AST levels due to cardiac muscle damage may thus be explained by the release of AST from the myocardium due to increased stress, acute ischemia and necrosis in acute coronary syndrome and reperfusion injury [22]. Lastly, hepatic infiltration by malignant hematologic disorders, such as leukemia, lymphoma, and multiple myeloma, and non-malignant hematologic disorders, such as idiopathic myelofibrosis, hemolytic anemia, polycythemia vera, myelodysplastic syndrome, and hemophagocytic lymphohistiocytosis, may also cause AST elevation [17,18,23]. Additionally, hemolysis, iron deposition in the liver, repeated transfusions, concomitant infection, and disseminated intravascular coagulation may contribute to elevated AST in patients with this group [15,24].



We identified the three main non-hepatic etiologies of markedly elevated AST levels and demonstrated that etiology affects patient survival. To the best of our knowledge, there have been no studies on the prognosis of patients with markedly elevated AST levels unrelated to liver disease. In previous studies, mortality rates in patients with rhabdomyolysis ranged from 3% to 46% depending on the study population, frequency of acute kidney injury, comorbidities, and cause of rhabdomyolysis [4,5,6,7,8,9,10]. A previous study by Weibrecht et al. reported that elevated AST (>40 U/L) occurred in 93% of patients with rhabdomyolysis [7]. Raurich et al. reported that the incidence of elevated aminotransferases > 1000 U/L in ICU patients with rhabdomyolysis was 24.3%. Moreover, they found that patients with rhabdomyolysis-related elevated aminotransferase levels (>1000 U/L) had higher mortality than patients with low aminotransferase levels (69.4% vs. 14.7%) [5]. A previous study by Lofthus et al. reported that elevated AST levels above the ULN were common (occurring in 85%) in the setting of STEMI. Other studies have reported that the incidence of markedly elevated AST (>400 U/L) in patients with STEMI was 3–5%. They also found that patients with markedly elevated AST had a higher mortality rate than those without markedly elevated AST [11,12,13]. In this study, we found that the 30-day mortality rate in patients with markedly elevated AST not due to liver disease was 14.2%, 19.6%, and 65.5% for skeletal muscle damage, cardiac muscle damage, and hematologic disorders, respectively.



In the present study, we arbitrarily used a cutoff level of 400 U/L for markedly elevated AST levels. Previous studies on patients with markedly elevated aminotransferase levels due to liver disease showed that all-cause mortality rate correlated with increasing aminotransferase levels. The reported all-cause mortality rates were 16–22%, 30–45%, and 31–55% in patients with aminotransferase levels > 400 U/L [25,26,27], >1000 U/L [27,28,29], and >3000 U/L, respectively [30,31]. Our study showed that the magnitude of peak AST levels during the course of extrahepatic injury significantly correlated with 30-day mortality, with rates of 12.8%, 26.7%, and 50.0% in patients with peak AST levels < 1000 U/L, <3000 U/L, and ≥3000 U/L, respectively. In the multivariate analysis, etiology, peak AST levels, age, albumin level, and creatinine level were independent factors associated with mortality. In contrast, factors reflecting liver function, including hepatic decompensation, bilirubin level, ALT level, and PT-INR, were not found to be associated with mortality.



In clinical practice, patients with markedly elevated aminotransferase levels with no evidence of liver disease present a significant challenge to physicians due to their high mortality. In this study, among 5644 patients with AST > 400 U/L, only 7.6% were found to be associated with non-hepatic causes. This suggests that markedly elevated AST levels unrelated to liver disease may not be encountered frequently in clinical practice. Therefore, we present a simplified schematic approach for patients with markedly elevated AST levels unrelated to liver disease, involving (1) determination of the etiology (skeletal muscle damage, cardiac muscle damage, or hematologic disorder) and (2) measurement of the peak AST level during follow-up testing (<1000 U/L, <3000 U/L, or ≥3000 U/L) (Figure 4).



One limitation of this study is that the etiology of markedly elevated AST levels could not be determined prospectively. Another limitation is that additional liver damage, including ischemic injury, multiple organ failure, and drug-induced liver injury, may have contributed to the magnitude of AST levels during follow-up testing, although there was no evidence of liver disease at enrollment in all patients. In addition, we only focused on 30-day mortality in patients with markedly elevated AST. Therefore, further prospective study is needed to elucidate the factors that affect the long-term prognosis of patients who survived more than 30 days. Nevertheless, the strength of this study is that it is the first to examine the etiologies and prognoses of markedly elevated AST levels in patients without liver disease.




5. Conclusions


Various etiologies affect the survival rate of patients with markedly elevated AST levels (>400 U/L) unrelated to liver disease. Etiology and peak AST levels, but not factors reflecting liver function (bilirubin, ALT, and PT-INR), were independent factors associated with mortality in these patients. Large prospective studies are required to further elucidate the etiologies and prognoses of markedly elevated AST levels in this patient group.
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Figure 1. Flowchart of patients divided into three etiologic groups. 
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Figure 2. Thirty-day mortality rates of the 3 etiologic groups (a) and 13 subdivided categories (b). 
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Figure 3. Kaplan–Meier curve for survival according to (a) peak AST level and (b) etiologic group. 
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Figure 4. Simplified algorithm based on etiologies and peak AST. 
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Table 1. Clinical and laboratory characteristics of patients (n = 430).
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	Characteristics
	Initial AST < 657 U/L
	Initial AST ≥ 657 U/L
	Total





	No.
	215
	215
	430



	Age, year
	61.0 (41.0–72.0)
	61.0 (46.0–74.0)
	60.5 (42.8–72.3)



	Male gender
	154 (71.6%)
	155 (72.1%)
	309 (71.9%)



	Causes
	
	
	



	Skeletal muscle damage
	84 (36.1%)
	149 (63.9%)
	233 (54.2%)



	Cardiac muscle damage
	117 (69.6%)
	51 (30.4%)
	168 (39.1%)



	Hematologic disorders
	14 (48.3%)
	15 (51.7%)
	29 (6.7%)



	Liver cirrhosis
	5 (2.3%)
	16 (7.4%)
	21 (4.9%)



	Diabetes
	33 (15.3%)
	25 (11.6%)
	58 (13.5%)



	CHF
	11 (5.1%)
	10 (4.7%)
	21 (4.9%)



	ESRD
	2 (0.9%)
	3 (1.4%)
	5 (1.2%)



	Hepatic decompensation
	6 (2.8%)
	7 (3.3%)
	13 (3.0%)



	Infection
	23 (10.7%)
	42 (19.5%)
	65 (15.1%)



	Hypotension
	53 (24.7%)
	61 (28.4%)
	114 (26.5%)



	Admission at ICU
	54 (25.1%)
	58 (27.0%)
	112 (26.0%)



	Initial values
	
	
	



	AST, U/L
	527.0 (477.0–579.0)
	983.0 (775.0–1473.0)
	657.0 (527.0–984.3)



	ALT, U/L
	141.0 (101.0–219.0)
	340.0 (189.0–599.0)
	207.5 (126.8–401.8)



	Albumin, g/dL
	3.5 (2.9–4.0)
	3.6 (3.0–4.1)
	3.5 (3.0–4.0)



	Bilirubin, mg/dL
	1.06 (0.72–1.62)
	1.02 (0.73–1.62)
	1.03 (0.73–1.62)



	ALP, U/L
	73.0 (58.0–97.0)
	74.0 (57.0–103.0)
	73.0 (58.0–100.0)



	LDH, U/L
	910.0 (495.8–1197.0)
	1676.0 (973.0–2700.0)
	1148.0 (716.5–1951.0)



	CK, U/L
	4294.0 (3276.0–14,503.0)
	9250.0 (3301.5–45,757.0)
	5646.0 (3293.8–25,000.0)



	Creatinine, mg/dL
	0.94 (0.70–1.47)
	1.20 (0.85–1.91)
	1.05 (0.76–1.63)



	PT-INR
	1.05 (0.99–1.28)
	1.17 (1.02–1.64)
	1.11 (1.00–1.38)



	Peak values
	168.0 (111.0–310.0)
	462.0 (250.0–927.0)
	264.0 (147.8–572.0)



	AST, U/L
	559.0 (496.0–639.0)
	846.0 (1198.0–2253.0)
	782.0 (559.0–1400.3)



	ALT, U/L
	
	
	



	Bilirubin, mg/dL
	1.30 (0.88–2.50)
	1.30 (0.85–2.25)
	1.30 (0.86–2.39)







Abbreviation: CHF, congestive heart failure; ESRD, end-stage renal disease; ICU, intensive care unit; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, Alkaline Phosphatase; LDH, lactate dehydrogenase; CK, creatine kinase; PT-INR, prothrombin time-international normalized ratio. P: The Mann–Whitney U test and Chi-squared test. Data are presented as medians (interquartile range) for continuous data and as percentages for categorical data.
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Table 2. Clinical and laboratory characteristics of patients according to etiology (n = 430).
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	Characteristics
	Skeletal Muscle Damage
	Cardiac Muscle Damage
	Hematologic Disorders
	p





	No.
	233 (54.2%)
	168 (39.1%)
	29 (6.7%)
	



	Age, year
	49.0 (34.0–65.5)
	66.0 (56.0–76.0)
	70.0 (58.0–79.5)
	<0.001



	Male gender
	168 (72.1%)
	125 (74.4%)
	16 (55.2%)
	0.103



	Liver cirrhosis
	18 (7.7%)
	3 (1.8%)
	0 (0%)
	0.011



	Diabetes
	21 (9.0%)
	35 (20.8%)
	2 (6.9%)
	0.002



	CHF
	4 (1.7%)
	15 (8.9%)
	2 (6.9%)
	0.004



	ESRD
	3 (1.3%)
	2 (1.2%)
	0 (0%)
	0.830



	Hepatic decompensation
	7 (3.0%)
	2 (1.2%)
	4 (13.8%)
	0.001



	Infection
	32 (13.7%)
	19 (11.3%)
	14 (48.3%)
	<0.001



	Hypotension
	46 (19.7%)
	54 (32.1%)
	14 (48.3%)
	<0.001



	Admission at ICU
	37 (15.9%)
	69 (41.1%)
	6 (20.7%)
	<0.001



	Initial values
	
	
	
	



	AST, U/L
	765.0 (562.0–1311.0)
	568.0 (502.0–711.5)
	663.0 (504.0–928.5)
	<0.001



	ALT, U/L
	252.0 (168.0–477.0)
	139.0 (100.3–251.5)
	266.0 (146.0–501.5)
	<0.001



	Albumin, g/dL
	3.7 (3.0–4.3)
	3.5 (3.2–3.8)
	2.9 (2.3–3.5)
	<0.001



	Bilirubin, mg/dL
	1.00 (0.71–1.58)
	0.99 (0.73–1.42)
	2.62 (1.17–8.25)
	<0.001



	ALP, U/L
	72.0 (57.0–97.5)
	71.0 (58.0–93.0)
	113.0 (76.5–238.5)
	<0.001



	LDH, U/L
	1383.0 (866.5–2242.3)
	854.5 (285.3–1343.3)
	2318.0 (1143.5–2853.0)
	<0.001



	CK, U/L
	24,000.0 (5922.5–27,750.0)
	4100.0 (2321.3–5220.3)
	71.0 (34.0–459.0)
	<0.001



	Creatinine, mg/dL
	1.03 (0.74–1.89)
	1.05 (0.76–1.50)
	1.44 (0.84–2.15)
	0.229



	PT-INR
	1.15 (1.00–1.39)
	1.04 (0.99–1.24)
	1.42 (1.19–1.86)
	<0.001



	Peak values
	
	
	
	



	AST, U/L
	960.0 (619.5–1757.0)
	624.5 (518.0–821.8)
	951.0 (679.0–1300.5)
	<0.001



	ALT, U/L
	361.0 (206.5–658.5)
	155.0 (105.5–339.5)
	345.0 (166.5–595.0)
	<0.001



	Bilirubin, mg/dL
	1.27 (0.83–2.42)
	1.24 (0.87–1.99)
	4.28 (2.27–20.60)
	<0.001







Abbreviation: CHF, congestive heart failure; ESRD, end-stage renal disease; ICU, intensive care unit; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, Alkaline Phosphatase; LDH, lactate dehydrogenase; CK, creatine kinase; PT-INR, prothrombin time- international normalized ratio. P: The Kruskal–Wallis test and Chi-squared test. Data are presented as medians (interquartile ranges) for continuous data and as percentages for categorical data.













[image: Table] 





Table 3. Risk factors of 30-day mortality in univariate and multivariate logistic regression analyses (n = 430).
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Variable

	
Univariate Analysis

	
Multivariate Analysis




	
p

	
OR (95% CI)

	
p

	
OR (95% CI)






	
Male

	
0.07

	
0.63 (0.38–1.04)

	

	




	
Age, per year

	
<0.001

	
1.04 (1.03–1.06)

	
0.001

	
1.04 (1.02–1.06)




	
Etiology

	

	

	

	




	
Skeletal muscle damage

	

	
Reference

	

	
Reference




	
Cardiac muscle damage

	
0.182

	
1.43 (0.85–2.42)

	
0.008

	
2.76 (1.31–5.80)




	
Hematologic disorder

	
<0.001

	
11.12 (4.76–25.96)

	
<0.001

	
9.47 (2.95–30.39)




	
Hepatic decompensation

	
0.001

	
6.95 (2.22–21.83)

	
0.462

	
1.80 (0.38–8.56)




	
Albumin, g/dL

	
<0.001

	
0.22 (0.15–0.33)

	
<0.001

	
0.28 (0.16–0.50)




	
Bilirubin, mg/dL

	
<0.001

	
1.22 (1.10–1.36)

	
0.190

	
1.09 (0.96–1.23)




	
Creatinine, mg/dL

	
<0.001

	
1.87 (1.52–2.30)

	
<0.001

	
1.81 (1.42–2.31)




	
PT-INR

	
<0.001

	
3.35 (2.15–5.23)

	
0.591

	
1.17 (0.67–2.03)




	
Peak AST

	

	

	

	




	
<1000 U/L

	

	
Reference

	

	
Reference




	
<3000 U/L

	
0.001

	
2.49 (1.45–4.29)

	
0.006

	
2.94 (1.36–6.35)




	
≥3000 U/L

	
<0.001

	
6.83 (3.34–13.95)

	
<0.001

	
9.61 (3.54–26.08)








Abbreviation: OR, odds ratio; CI, confidence interval; PT-INR, prothrombin time- international normalized ratio; AST, aspartate aminotransferase.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Hematologic
disorders

ICardiac muscle damagel

g
8

308% 286%

30.6%

15.8%

|Skeletal muscle damagel
22.4%

80+

A v
o o
o <

IHematoIogic disordersl
65.5%

ISkeletaI muscle damage| |Cardiac muscle damage|

Ajreyow-Aep o¢

19.6%

14.2%

20+
0

80+

v v
(=] o
o <

Ayepow-Aep og

(b)

(a)





nav.xhtml


  jcm-12-00310


  
    		
      jcm-12-00310
    


  




  





media/file2.png
6074 patients with AST > 400 U/L

Exclusion:

1. < 18 years of age (n = 104)

2. Loss to follow-up (n = 163)

3. Lack of available data (» = 1008)

4. Cardiopulmonary arrest on arrival (n = 54)
5. Hepatic causes (n = 4745)

V

430 patients with non-hepatic causes of AST > 400 U/L

|

|
y

R

Skeletal muscle damage (n = 233) Cardiac muscle damage (n = 168)

Hematologic disorders (7 = 29)

v

V

V

Excessive physical exertion (n = 73)

Direct muscle injury (n = 38)
Muscle ischemia (n = 49)
Temperature extremes (n = 13)

Drugs, toxins and venoms (»7 = 36)
Metabolic — endocrine disorders (7 = 13)

Infections (n = 9)
Autoimmune diseases (n = 2)

* Acute coronary syndrome (n = 141)
* Inflammatory disorders of the heart (» = 13)
* Perioperative myocardial injury (n = 14)

* Non-malignant hematologic disorders (n = 10)
* Malignant hematologic disorders (n = 19)






media/file5.jpg





media/file3.jpg





media/file1.jpg
074 it wilh AST - 400 UL

chon.
1< T8 yorof g = 108)

2 Loss o ol ap 1 16

3 Lackof sl dus - 1008

4 Caoulmarary et on el (13
S i oo 0 - 4745

450 s with o bt cases o AST > 00 UL

L T 1
[ ——— Cantin sl damage (1 168) [E——
T T T

[ e———

- Acuecoromrysynrome 1
w.n......,‘...z...m....«,. )
- Poprtiv myocarial iy (= 19

-+ Non-malgmnt bertlogic dcndr
- Ml bemsologe ot 1 - 19)

)






media/file7.jpg
Pt i s e o o AST 00 UL

e Cac rusci e Homatooge asorsrs
= E o
oy e,
[ ] [ ] [ 1
+ + + I + +
e | [<ioo| [<om] [sawo| [<so0| [<amo| [ws0] [eroo| [esoo] [23me0
|| || [ W [ [y [ g
o o 2 o | [asn | [ears ]| [ oon
| [ e, " s






media/file0.png





media/file8.png
Patients with non-hepatic causes of AST > 400 U/L

l

Causes Skeletal muscle damage
30-day o
mortality 14.2%

Peak <1000 < 3000 > 3000
AST U/L u/L U/L
30-day 6.7% 19.5% 34.6%

mortality

Cardiac muscle damage

i

Hematologic disorders

19.6% 65.5%
<1000 < 3000 > 3000 <1000 < 3000 > 3000
U/L U/L U/L uU/L U/L uU/L
12.3% 35.3% 76.9% 62.5% 66.7% 100%






media/file6.png
100

804
= 60-
S L
S
| .
3 40+ — Peak AST <1000 U/L
— Peak AST < 3000 U/L
— Peak AST = 3000 U/L p < 0.001
204
No at risk 0 - p y y y
0 5 10 20 25 30
Peak AST Days of follow up
<1000 U/L 274 251 245 241 238 236 232
< 3000 U/L 116 97 91 84 84 83
= 3000 U/L 40 27 25 22 22 20

(a)

1

Survival (%)

No at risk

Skeletal muscle damage 233
Cardiac muscle damage 168

Hematologic disorders

00~
‘_|—|_‘_‘_‘_‘—'_‘—
80+
604
401 — Skeletal muscle damage L\_I_
— Cardiac muscle damage
. — Hematologic disorders p <0.001
0 - - ' ' ' '
0 5 10 15 20 25 %0
Days of follow up
208 203 1 197 197 196
148 141 138 136 134 131
29 19 17 14 1 B °

(b)





