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Purpose: This study’s goal was to explore risk factors affecting short-term prognosis of cardiorenal syndrome type 1 (CRS1) in acute
myocardial infarction (AMI) patients.
Methods: In this retrospective analysis of CRS1 in AMI patients hospitalized from January 2011 to December 2014, the patients were
classified into deceased or survivor groups. Clinical data, including demographics, laboratory results, and 28-day outcomes, were
collected.
Results: The incidence rate of CRS1 in AMI patients was 15.2% (274 in 1801). Ultimately, 88 patients were enrolled and 25 (28.4%)
were classified into the deceased group, while 63 were classified into the survivor group. There were statistically significant differences
between the groups for hypertension, mechanical ventilation, KIDGO stage, NT-proBNP, Hb, ALB, PCI, decreased LVEF, 7th-day SCr
value, and the highest SCr value recorded within 7 days (all P < 0.05). Multivariate logistic regression showed that the following
factors were significantly related to whether a patient died: requiring mechanical ventilation, increased NT-proBNP levels and 7th-day
SCr values, and decreased LVEFs. The APACHE II, SOFA, and SASP II scores on the 7th day were significantly higher in the
deceased group (all P < 0.05). The accuracy of APACHE II, SOFA, and SASP II scores on the 7th day for predicting death were
84.1%, 78.4% and 79.5%, respectively. The AUC of 7th-day APACHE II, SOFA, and SASP II scores was 0.844, 0.803, and 0.827,
respectively, with no statistically significant differences between the three scores (P > 0.05).
Conclusion: The mortality rate of CRS1 in AMI patients was 28.4% (25 in 88) within 28 days. Mechanical ventilation, increased NT-
proBNP levels, the 7th-day SCr value, and decreased LVEF were related to death in AMI patients with CRS1. APACHE II, SOFA, and
SAPS II scores on the 7th day were satisfactorily accurate in predicting death within 28 days.
Keywords: acute myocardial infarction, cardiorenal syndrome type 1, APACHE II, SOFA, SAPS II, mortality

Introduction
The heart and the kidneys are two of the vital organs in the human body. Under physiological conditions, they are
interdependent, and under pathological conditions, they can affect one another. Once one organ becomes diseased, the
other organ often is involved. Cardiorenal syndrome (CRS) is a clinical syndrome in which these two organs are
damaged in tandem to one another, and the prognosis is usually very poor. In 2008, the Acute Dialysis Quality Initiative
(ADQI) defined the concept of CRS, pointing out that acute or chronic damage to heart or kidney function can lead to
acute or chronic injury to the other organ’s function.1 CRS often is related to prolonged hospitalization, a greater
likelihood of rehospitalization, worse morbidity, and increased mortality.2 CRS is divided into five subtypes of which
CRS type I (CRS1) is the most common. CRS1, also known as acute CRS, refers to acute worsening of heart function
leading to kidney injury and/or dysfunction. It is commonly seen after a patient experiences cardiac surgery, acute heart
failure (AHF), cardiogenic shock, or an acute coronary syndrome (ACS) such as acute myocardial infarction (AMI).1 In
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elderly Chinese patients, the incidence of CRS1 was 52.56% and the in-hospital mortality of CRS1 was 23.2%.3 In Spain,
the incidence of CRS1 was 9.2/1000 person-days of hospitalization, CRS1 increased the rate of death and readmission
after discharge for ACS patients, and CRS1-related deaths accounted for 56.6% of all-cause mortality.4

Until recently, there have been few studies on the risk factors of and prediction methods for the short-term prognosis
of CRS1.5 The goal of this study was to explore the risk factors that affect the short-term prognosis of CRS1 in AMI
patients and to understand the predictive value of three scoring methods—Sequential Organ Failure Assessment (SOFA),
Acute Physiology and Chronic Health Evaluation (APACHE) II, and Simplified Acute Physiology Scores (SAPS) II—on
the mortality of AMI patients with CRS1 within 28 days after the onset of AMI, in order to provide clinical guidance.

Methods
Study Population
The study protocols were approved by the ethics committee (No. 202111216) of Xiangya hospital and complied with the
tenets of the Declaration of Helsinki. The data collected were retrospective and anonymous, and the requirement for
patients’ informed consent was, therefore, waived. The study retrospectively analyzed patients with AMI as the first
diagnosis on admission and a secondary diagnosis of CRS1 during hospitalization in the Department of Cardiology,
Xiangya Hospital, Central South University, from January 2011 to December 2014.

The inclusion criteria were 1) Diagnostic criteria for AMI were based on the AMI diagnostic criteria as described in
the 2012 European Society of Cardiology (ESC) guidelines for the diagnosis and treatment of acute and chronic heart
failure, and cardiac function classifications were based on the Killip classification method.6 2) AKI diagnoses were made
according to the 2012 Kidney Disease Improving Global Outcomes (KDIGO) AKI diagnostic criteria7 as follows: serum
creatinine (SCr) levels increased ≥0.3 mg/dl (≥26.5 μmol/L) within 48 hours, or a SCr increase of ≥50% could be
confirmed or inferred within 7 days, or urine production was less than 0.5 mL/kg/h for more than 6 hours’ duration; if
any of those criteria were met, the diagnosis was confirmed and KDIGO stages were performed. 3) AMI patients who
were admitted to the hospital’s emergency department within 12 hours of the onset of symptoms and were admitted to the
cardiology intensive care unit within 24 hours.

The exclusion criteria were 1) Patients who were hospitalized for less than 7 days. 2) Patients whose SCr levels were
not tested within 48 hours of admission. 3) Patients with at least two missing SCr results within the first 7 days of
hospitalization. 4) Patients with malignant tumors. 5) Patients who had had any manifestations of acute or chronic kidney
damage before admission. 6) Patients who used nephrotoxic drugs before admission. 7) Patients who had incomplete
information in their charts.

Data Collection
According to their survival status within 28 days after the onset of AMI diagnosis, which was set as the observation end-
point for a “short-term” prognosis, the patients were divided into either the deceased group or the survivor group.

The following general information was collected: sex, age, history of diabetes and hypertension, angiotensin-
converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker (ARB) use before admission, Killip Classification,
and KDIGO stage.

The following hospitalization data were collected: hemoglobin (Hb); serum albumin (ALB); high-density lipoprotein
(HDL); pro-brain natriuretic peptide (NT-proBNP); troponin I (cTnI); cystatin-C (Cys-C); triglycerides (TG); high-
sensitivity C-reactive protein (hs-CRP) within 48 hours after admission; the highest value of SCr levels within 48 hours
and 7 days after admission; the 7th-day SCr value; left ventricular ejection fraction value (LVEF) within 48 hours of
admission; and whether the patient required blood purification, mechanical ventilation, and/or percutaneous coronary
intervention (PCI) during their hospital stay. Scoring data for APACHE II, SOFA, and SAPS II were recorded within 48h
and the 7th day after admission.

Statistical data were analyzed using SPSS 19.0 statistical software. Data with normal distributions were represented
by the mean ± standard deviation, and the Student’s t-test was used for comparisons between groups. The median was
used for data with non-normal distributions, and the Wilcoxon rank sum test was used for comparisons between those
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groups. Comparison of count data between the two groups was analyzed by the Pearson’s chi-square test, and the Fisher’s
exact probability test was used when necessary. Logistic regression was used to analyze the independent risk factors of
recent death in AMI patients with CRS1. The area under curve (AUC) of receiver operating characteristic (ROC) was
used to compare and measure the ability of three scoring methods (ie, APACHE II, SOFA, and SAPS II) to predict the
short-term prognosis of CRS1 in AMI patients. For all analyses, P < 0.05 was considered to be statistically significant.

Results
Data for a total of 1801 patients with AMI as their first diagnosis upon admission were collected in this study. Of those
patients, 274 had CRS1 and the incidence rate of CRS1 in AMI patients was 15.2%. A total of 102 cases met the
inclusion criteria but 14 cases were lost to follow-up. Ultimately, 88 cases were included in this study. Twenty-five
patients (28.4%) died within 28 days after the onset of illness and were classified into the deceased group; 63 cases
survived and were classified into the survivor group. The basic information of the two groups is shown in Table 1.

Our results indicated that between the deceased group and the survivor group, there were statistically significant
differences in the patients’ hypertension status; whether they received mechanical ventilation; their KIDGO stage; their
levels of NT-proBNP, Hb, and ALB; whether they received PCI; their LVEFs within 48h; their 7th-day SCr values; and
their highest SCr values within 7 days, as shown in Table 1 (all P < 0.05). In contrast, there were no statistically
significant differences between the deceased group and the survivor group in age; sex; diabetes status; receiving blood
purification treatment during hospitalization; being on ACEI/ARB therapy; the length of their hospital stay; Killip
classifications; levels of cTnI, Hs-CRP, Cys-C, TG, or HDL; basic SCr values; or the highest SCr level within 48 hours,
as shown in Table 1 (all P > 0.05).

To determine the independent factors related to death in AMI patients with CRS1, multivariate logistic regression
analyses were performed. The threshold for entering variables into the multivariate models was P < 0.05. The results of
the multivariate logistic regression are shown in Table 2. They showed that patients who needed mechanical ventilation
during hospitalization (OR = 4.722, 95% CI 1.067–20.887), with significantly elevated NT-proBNP levels within 48
hours of admission (OR = 1. 025, 95% CI 1.002–1.048), with a 7th-day SCr value (OR = 4.841, 95% CI 1.107–21.161),
and having a decreased LVEF (OR = 0.937, 95% CI 0.880–0.998), were significantly related to death in AMI patients
with CRS1 (all P < 0.05, see Table 2 for details). Through ROC curve analysis, the best cut-off values for NT-proBNP
levels was 3345.2 pg/mL, 7th-day SCr levels were 176.8μmol/L, and LVEF was 41.5%, all indicating a higher risk of
death in AMI patients with CRS1.

SOFA, APACHE II, and SAPS II scoring systems are commonly used to assess patients with acute and critical
illnesses in the internal medicine ward and intensive care unit. The three scores’ differences were compared for their
predictive value for risk of death in AMI patients with CRS1, as shown in Table 3. The APACHE II, SOFA, and SAPS
II scores in AMI patients with CRS1 within 48 hours of admission were not statistically significant between the
deceased group and the survivor group (P > 0.05). On the 7th day after admission, the APACHE II, SOFA, and SAPS II
scores were statistically significantly higher in the deceased group compared to those in the survivor group (all
P < 0.05).

The 7th-day AUC of the APACHE II, SOFA, and SAPS II scores were 0.844 (P = 0.000, 95% CI: 0.807–0.881),
0.803 (P = 0.000, 95% CI: 0.763–0.842), and 0.827 (P = 0.000, 95% CI: 0.791–0.864), respectively. On the 7th day, the
optimal thresholds for APACHE II, SOFA, and SAPS II scores to predict the death of CRS1 in AMI patients were 16
points, 6 points, and 34 points, respectively (Table 4). The accuracy of APACHE II, SOFA, and SAPS II scores on the
7th day in predicting death were 84.1%, 78.4% and 79.5%, respectively (Figure 1). However, there was no statistically
significant differences in the AUC of the three scoring methods (P > 0.05, Table 5).

Discussion
CRS is used to identify a pathophysiologic disorder of the heart and kidneys whereby acute or chronic dysfunction in one
organ may induce acute or chronic dysfunction in the other. CRS1 is the most common type of CRS.8,9 Previous
studies8,9 reported that the prevalence rate of CRS1 in acute coronary syndrome (ACS) patients was 9–19%. Importantly,
the CRS1 in AMI patients led to an increased morbidity and longer hospital stay.10 In ACS-hospitalized patients, the
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incidence of CRS1 was 9.2/1000 person-days of hospitalization, but these patients accounted for 56.6% of all-cause
mortality. The risk of in-hospital mortality associated with CRS1 was greater than the sum of the risks associated with
acute heart failure (AHF) and AKI independently.4 In our study, the incidence rate of CRS1 in AMI patients was 15.2%

Table 1 Basic Information of the Survivor and Deceased Patients

Parameter Deceased (n=25) Survivor (n=63) P

Age (years) 68.2±9.2 65.7±9.7 0.280

Sex (male) 19 45 0.793

Hypertension 20 23 0.000

Diabetes 6 8 0.208

Blood purification 3 1 0.068

Mechanical ventilation 14 5 0.000

Hospital stay (median, days) 12 12 0.361

PCI 5 31 0.016

ACEI/ARB drugs 5 14 1.000

NT-proBNP (pg/mL) 6607.88±3703.71 3304.23±2997.11 0.000

cTnI (ng/mL) 19.86±20.30 16.83±19.31 0.399

Cys-C (mg/L) 2.57±0.95 2.25±1.06 0.076

Hs-CRP (mg/L) 27.31±20.81 22.61±14.74 0.261

TG (mmol/L) 1.61±0.66 1.70±0.90 0.654

HDL (mmol/L) 0.98±0.32 1.08±0.29 0.205

Hb (g/L) 98.5±11.1 112.5±22.8 0.000

ALB (g/L) 30.2±5.3 32.8±4.9 0.031

LVEF (%) 46.1±10.6 53.6±10.2 0.003

Killip class

Class 1 2 12 0.101

Class 2 7 24

Class 3 7 10

Class 4 9 17

KDIGO stage

Stage 1 10 40 0.022

Stage 2 8 17

Stage 3 7 6

Base SCr (μmol/L) 110.3±18.8 107.9±22.1 0.760

48h MaxSCr (μmol/L) 217.4±89.4 198.8±90.0 0.246

7th d SCr (μmol/L) 240.5±161.0 150.8±78.1 0.000

Within 7d MaxSCr (μmol/L) 292.5±151.6 211.6±91.8 0.003
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in the 88 patients enrolled in the study. Of these patients, 25 patients died, resulting in a mortality rate of 28.4%. Our data
are in accordance with previous studies. We used the KDIGO diagnostic criteria to diagnose AKI in our study. However,
it is worth noting that there are differences in the current international diagnostic criteria for AKI and the determination
of basic creatinine values. These discrepancies cause the incidence of AKI to vary greatly between different studies and
do not accurately reflect the epidemiological characteristics of CRS1. At the same time, these discrepancies also highlight
certain difficulties for clinicians in identifying AKI early. In a systematic literature review that included a total of 64
published studies, 10 different definitions for AKI were used.11

Table 2 Multivariate Logistic Regression Models for Independent Factors Related to
Death

P OR 95% CI

Hypertension 0. 058 5. 497 (0.946–31.950)

Mechanical ventilation 0. 041 4. 722 (1.067–20.887)

NT-proBNP 0. 033 1. 025 (1.002–1.048)

Hb 0.246 0. 978 (0.941–1.016)

ALB 0.587 1. 043 (0.896–1.215)

LVEF 0.042 0.937 (0.880–0.998)

PCI 0.709 1.339 (0.288–6.220)

KDIGO stage 0.767 1. 173 (0.408–3.374)

7th d SCr (μmol/L) 0. 036 4. 841 (1.107–21.161)

Table 3 Three Scoring Methods Values for the Two Groups Patients

Deceased (n=25) Survivor (n=63) P

Worst value

within 48h

APACHE II 16.0±4.8 16.0±5.4 0.963

SOFA 7.2±4.3 5.9±4.0 0.131

SAPS II 38.4±7.3 35.3±9.3 0.116

Worst value on

the 7th d

APACHE II 18.3±6.8 11.8±4.7 0.000

SOFA 8.4±5.3 4.2±2.8 0.000

SAPS II 38.1±10.8 29.1±6.4 0.000

Table 4 The AUC of Three Scoring Methods on the 7th Day to Predict the Death in CRS1 Patients

AUC P 95% CI Sensitivity Specificity Positive
Predictive
Value

Negative
Predictive
Value

Optimal
Threshold

APACHE II 0.844 0.000 (0.807, 0.881) 0.81 0.87 0.712 0.920 16 points

SOFA 0.803 0.000 (0.763, 0.842) 0.78 0.70 0.464 0.791 6 points

SAPS II 0.827 0.000 (0.791, 0.864) 0.77 0.21 0.491 0.815 34 points

International Journal of General Medicine 2022:15 https://doi.org/10.2147/IJGM.S350361

DovePress
1569

Dovepress She et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


CRS1 is defined as acute worsening of heart function leading to kidney injury and/or dysfunction.1 It can be inferred
that CRS1 is the manifestation of AKI that occurred in patients with AMI or other heart dysfunctions. Previous studies
revealed that several factors were associated with the incidence of CRS1 in patients and their in-hospital mortality.
Marenzi et al found that in patients with ST-segment elevation acute myocardial infarction (STEMI) complicated by
cardiogenic shock, AKI occurred in 55% of the patients. Age >75 years, decreased LVEF, and the use of mechanical
ventilation were independent predictors of AKI. STEMI patients with AKI had a longer hospital stay, a poor clinical
outcome, and significantly higher mortality rate than patients without AKI.12 Zhang et al found that the combination of
NT-proBNP, estimated glomerular filtration rate (eGFR), and hs-CRP at presentation might help predict CRS1 in patients
with AMI.13 Fan et al found that age, diabetes, New York Heart Association (NYHA) class, eGFR, hs-CRP, and urinary
angiotensinogen (uAGT) were independently associated with CRS1.14 Hu found that the incidence of CRS1 in elderly

Figure 1 The ROC curve of three scoring methods on the 7th day in predicting death in AMI patients with CRS1.

Table 5 The AUC of Three Scoring Methods on the 7th Day When Compared
Among Each Group

Compared Groups AUC Z P

APACHE II, SOFA 0.844, 0.803 0.185 0.8534

SOFA, SAPS II 0.803, 0.827 0.0375 0.9701

SAPS II, APACHE II 0.827, 0.844 0.274 0.7838
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Chinese patients was relatively high and related to a worse clinical outcome. In this study, decreased eGFR, lower ALB,
and use of diuretics were risk factors for CRS1, while the use of diuretics, beta-blockers, and blood purification during
hospitalization were predictors of in-hospital mortality in CRS1 patients.3 Margolis et al reported that among STEMI
patients, those with mid-range LVEF at presentation constituted a distinct group in terms of baseline characteristics, in-
hospital outcomes, and long-term mortality.15 Shacham et al also concluded that among STEMI patients, reduced LVEF,
congestive heart failure, and a trend for increased time to coronary reperfusion emerged as independent predictors of
AKI.16

In our study, we did not analyze the predictors of CRS1 in AMI patients, but we determined the risk factors associated
with mortality within 28 days in AMI patients with CRS1. Our data showed that mechanical ventilation during
hospitalization, increased NT-proBNP levels, the 7th-day SCr value, and decreased LVEF levels were significantly
related to death in AMI patients with CRS1. In fact, mechanical ventilation indicated that the patients were in respiratory
failure or heart failure, increased NT-proBNP levels and 7th-day SCr values indicated that the patients had kidney
dysfunction or heart failure, and decreased LVEF levels indicated heart failure or unstable hemodynamics. All of these
changes reflected that the patients had multiple-organ dysfunction, which were the likely causes of death. Few studies
have reported the risk factors leading to death in CRS1 patients. In a cohort of 147 patients with CRS1 who received
peritoneal dialysis, all patients experienced respiratory failure, while the 30-day mortality rate was 73.4%. Increased age,
unstable hemodynamics, and positive total fluid balance over the first 5 days of peritoneal dialysis were factors for an
increased risk of death.17

APACHE II,18 SOFA,19 and SAPS II20 scores are the most widely used scores in the clinic to assess a patient’s
prognosis. In our study, the three scores at 48 hours had no value in predicting death. Possible reasons for this outcome
might be associated with the diagnostic time-window of AKI. The KDIGO diagnostic criteria defined that the time-
window for AKI was within 7 days. AKI occurring within 48 hours is early-stage AKI, while AKI occurring after 48
hours is advanced AKI. In our study, some patients who died did not develop AKI within 48 hours of admission.
Therefore, the three sets of scores for this group of patients were lower than those of advanced AKI patients. In contrast,
on the 7th day, APACHE II scores had better accuracy in predicting death than SOFA and SAPS II scores, although there
were no statistically significant differences between them. The SOFA score had the lowest accuracy. A reason for this
result might be because SOFA scores are mainly used for sepsis patients,21 while in our study, the underlying disease was
AMI, not infection or sepsis. In a study to assess the three scoring criteria for discharge from an intensive care unit (ICU)
in patients who required continuous renal replacement therapy (CRRT) during extracorporeal membrane oxygenation
(ECMO), it was found that APACHE II and SAPS II scores had better potential utility than the SOFA score in predicting
mortality in patients treated with both ECMO and CRRT.22 In predicting mortality in ICU patients after cardiac surgery,
APACHE II and SAPS II had better discriminatory power compared to SOFA.23 In a study to predict in-hospital
mortality of critically ill patients with AKI, APACHE II scored showed favorable AUC, sensitivity, and specificity
values.24

Limitations
Firstly, one limitation was that we only conducted a single-center, retrospective study. Secondly, we only analyzed the
CRS1 of patients with AMI; we did not also analyze STEMI and NSTEMI patients. Lastly, there are several classification
methods for diagnosing AKI; we only used the KDIGO classification of renal impairment.

Conclusions
The incidence rate of CRS1 in AMI patients was 15.2% and the mortality rate was 28.4% (25 in 88) within 28 days.
Mechanical ventilation, increased NT-proBNP levels, 7th-day SCr values, and decreased LVEFs were all related to
mortality in AMI patients with CRS1. The APACHE II, SOFA, and SAPS II scores on the 7th day had satisfactory
accuracy in predicting death within 28 days.

Data Sharing Statement
All data generated or analyzed during this study are included in the manuscript.
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