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Abstract

Background: Cardiovascular disease is the major cause of mortality in end stage renal disease 

(ESRD) patients on dialysis and myocardial infarction constitutes almost 20% of such deaths. We 

assessed the trends, characteristics and in-hospital outcomes in patients with ESRD.

Methods: We used national inpatient sample (NIS) to identify patients with ESRD presenting 

with ST-segment elevation myocardial infarction (STEMI) for calendar years 2012–2016. Multiple 

logistic regression analysis and propensity matched data was used to compare outcomes for the 

purpose of our study.

Results: Patients on dialysis who presented with STEMI were less likely to be treated with 

emergent reperfusion therapies including percutaneous coronary intervention, bypass graft surgery 

and thrombolytics with in first 24 h. In propensity-matched cohort, the mortality was nearly 

double in patients who have ESRD compared to patients without ESRD (29.7% vs. 15.9%, p < 

0.01). In-patient morbidity such as utilization of tracheostomy, mechanical ventilation and feeding 

tubes was also more prevalent in propensity matched ESRD cohort. In multivariate regression 
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analysis, ESRD remains a strong predictor of increased mortality in STEMI patients (OR 2.65, 

95% CI, 2.57–2.75, p < 0.01).

Conclusion: Our study showed low utilization of evidence-based prompt reperfusion therapies 

in ESRD patients with STEMI along with concomitant increased poor outcomes and resource 

utilization. Future research specifically targeting this extremely high-risk patient population is 

needed to identify the role of prompt reperfusion therapies in improving outcomes in these 

patients.
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1. Introduction

Cardiovascular disease continues to complicate the clinical course of end-stage renal disease 

patients on dialysis. Coronary artery disease (CAD) remains a significant co-morbidity in 

this specific patient cohort with myocardial infarction contributing to 20% of deaths [1]. 

This burden of CAD in end-stage renal disease (ESRD) patients is further projected to 

increase due to the aging population and increased burden of CAD associated morbidities. 

To date, there have been no prior studies reporting the trends in outcomes and utilization of 

reperfusion therapies in ST-elevation myocardial infarction (STEMI) patients with end-stage 

renal disease (ESRD) on dialysis. The goal of this study is to analyze the contemporary 

trends in utilization of evidence-based reperfusion therapy in STEMI patients on dialysis and 

to study the in-hospital outcomes of STEMI in this cohort of patients from a nationally 

representative United States population sample.

2. Methods

2.1. Study data

National inpatient sample (NIS) database is part of Healthcare Cost and Utilization Project 

(HCUP) databases and is sponsored by the Agency for Healthcare Research and Quality 

(AHRQ). The NIS is the largest publicly available all-payer administrative claims-based 

database and contains information about patient discharges from 1000 hospitals in 45 states. 

Since 2012, the NIS was redesigned to include a sample of discharges from all hospitals 

participating in HCUP. These data are stratified to represent 20% of US inpatient 

hospitalizations across different hospitals and geographic regions (random sample). National 

estimates (NE) of the entire US hospitalized population were calculated using the Agency 

for Healthcare Research and Quality sampling and weighting method. Institutional review 

board approval and informed consent were not required for this study given the de-identified 

nature of the NIS database and public availability.

2.2. Study population

We analyzed NIS data from January 2012 to December 2016 using the International 

Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes and 

International Classification of Diseases, 10th Revision, Clinical Modification ICD-10-CM 
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codes (ICD-10-CM). All patients with STEMI who are 18 years and older were identified 

using ICD-9-CM code of 410 (excluding 410.7) & ICD-10-CM code of 121-22. The study 

population was then divided into two groups (ESRD vs no-ESRD). To account for potential 

confounding factors and selection bias, a propensity score-matching model was applied to 

match baseline characters (Table 1) using logistic regression for comparative outcomes 

analysis. A nearest neighbor 1:1 variable ratio, parallel, a balanced propensity-matching 

model was made using a caliper width of 0.2. All variables were matched within the set 0.2 

SD level.

2.3. Study endpoints

The primary endpoint of the study was in-hospital mortality. Secondary endpoints were (1) 

in-hospital morbidities (2) surrogates of severe disability and (3) cost of hospitalization and 

length of stay (Table 2).

Associated procedures and hospital morbidities were identified using ICD-9-CM and 

ICD-10-CM codes (Supplement). Flow chart of our study is shown in Fig. 1.

2.4. Statistical analysis

Descriptive statistics were presented as frequencies with percentages for categorical 

variables and as means with standard deviations for continuous variables. Baseline 

characteristics were compared using a Pearson χ2 test and Fisher's exact test for categorical 

variables and independent samples t-test for continuous variables.

Initially, binomial logistic regression model was used to identify variables from 

demographic data (Table 1) that were significantly associated with patient mortality (p value 
< 0.10). These variables were then subsequently utilized in a multiple logistic regression 

model to identify predictors of mortality. A type I error rate of <0.05 was considered 

statistically significant. All statistical analyses were performed using statistical package for 

social science (SPSS) version 26 (IBM Corp.) and R, version 3.5 for propensity matching.

3. Results

A total of 1,143,035 patients with STEMI were identified. This included 27,355 (2.4%) of 

ESRD patients in the period between January 2012 to December 2016. Out of the total 

population, 397,125 (34.7%) were females, mean age was 65.1 ± 14.0, 825,570 (77.0%) 

were Caucasian, 91,290 (8.7%) were African American and 80,515 (7.5%) were Hispanics. 

Comparing ESRD patients to non-ESRD patients, PCI rate was lower in ESRD patients 

(25.6% vs 57.4%). ESRD patients had higher proportion of females (42.1% as compared to 

34.6%, p < 0.01), had higher prevalence of Anemia (55.7% vs 12.5%; p < 0.01), diabetes 

mellitus (31.2% vs 6.1%; p < 0.01) and congestive heart failure (19.4% vs 6.2%; p < 0.01). 

The baseline characteristics of the two groups are shown in (Table 1).

3.1. Outcomes of unmatched cohort

Crude in-hospital mortality rate of the overall population was 134,310 (11.7%). The 

mortality was much higher in ESRD patients (29.3% vs 11.3%; p < 0.01). Patients with 
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ESRD had higher proportion of in-hospital morbidities including Cardiopulmonary 

resuscitation (CPR) (11.1% vs 4.1%; p < 0.01), vasopressor use (2.0% vs 3.8%, p < 0.01) 

and mechanical ventilation (30.5% vs 12.9%; p < 0.01). Moreover, surrogates of severe 

disability (PEG, Tracheostomy and non-home discharges) were more frequent in the ESRD 

group, who also had longer hospitalization and higher cost of care (Table 2).

3.2. Outcomes of matched cohort

After propensity matching and adjusting for baseline demographics, clinical co-morbidities, 

region and hospital characteristics, the 2 groups were well matched (supp-1).

After propensity matching, mortality among the ESRD group was almost twice than in non-

ESRD patients (29.7% vs 15.9%; p < 0.01). ESRD patients were also less likely to be treated 

with percutaneous coronary intervention (25.9% vs 41.5%; p < 0.01). Patients with ESRD 

also had higher proportion of major in-hospital complications including cardiogenic shock 

(16.5% vs 13.9%, p < 0.01) pericardial effusion requiring pericardiocentesis (0.4% vs 0.3%, 

p < 0.01), use of percutaneous ventricular assist device (1.1% vs 0.9%; p < 0.01) and 

cardiopulmonary resuscitation (11.1% vs 6.2%; p < 0.01) (Table 2). Moreover, surrogates of 

severe disability (PEG, tracheostomy and non-home discharges) were more frequent in the 

ESRD group. The mean cost of hospitalization (140,570$ vs 115,941$, p < 0.01) and length 

of stay (9.1 days vs7.0 days, p < 0.01) were higher in ESRD group as compared to non-

ESRD group (Table 2).

3.3. Trends and predictors

Mortality has remained the same over the years in both groups (Fig. 2). The mean length of 

stay has remained unchanged though the cost of stay has increased in both (Fig. 3A-B). 

Rates of PCI have increased for both groups (Fig. 4).

Predictors of mortality for patients With STEMI are shown in Fig. 5. ESRD was associated 

with higher odds of mortality (OR, 2.65 [95% CI, 2.57–2.75, p < 0.01]). Congestive heart 

failure (OR, 1.77 [95% CI, 1.73–1.81, p < 0.01), diabetes mellitus (OR, 1.11 [95% CI, 1.09–

1.14, p < 0.01]) and coagulopathy (OR, 2.47[95% CI, 2.42–2.52, p < 0.01]) were associated 

with higher mortality.

4. Discussion

Cardiovascular disease remains the most common cause of death in patients with end-stage 

(ESRD) [1-3]. Both pre-existing ESRD and as a consequence of myocardial infarction is 

associated with poor clinical outcome [4]. Despite the significantly worse outcomes of 

STEMI in ESRD patients compared to their non ESRD counterparts, there is paucity of data 

on contemporary trends in management and outcomes of STEMI in this high-risk vulnerable 

patient population. Therefore, our aim was to use data from a national registry between 2012 

and 2016 to evaluate the national prevalence, baseline characteristics of STEMI patients with 

ESRD and also to explore the rates of in-patient complications.

The main findings of our current study are: (1) Adjusted In-hospital mortality of STEMI 

among ESRD patients is almost twice that of patients without ESRD (30% vs 16%; p < 
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0.01). (2) mean length of stay in ESRD patients was significantly higher compared to 

patients without ESRD (9.2 days vs 4.8 days; p < 0.01). (3) Evidence-based management 

with reperfusion therapy which is the cornerstone of management of STEMI is utilized 

much less frequently in ESRD patients compared to those without ESRD. (4) ESRD is the 

strongest predictor of in-hospital mortality in patients with STEMI (OR, 2.65 [95% CI, 

2.57–2.75, p < 0.01]) [5]. ESRD patients are more likely to suffer from major in-hospital 

complications including cardiogenic shock, use of percutaneous ventricular assist devices, 

pericardial effusion requiring pericardiocentesis, the requirement for mechanical ventilation 

and vasopressor use [6]. These patients are also less likely to be discharged home and more 

likely to be discharged to other short term care facilities or require home health care.

The progressive increase in cardiovascular risk with worsening estimated GFR is partly 

explained by factors associated with renal decline, including anemia, oxidative stress, 

derangements in calcium-phosphate homeostasis, inflammation, and conditions promoting 

coagulation, all of which are associated with accelerated atherosclerosis and endothelial 

dysfunction [5]. In one study by Varma R et al. anemia, hyperhomocysteinemia, 

hypoalbuminemia, increased troponin, increased oxidant stress, and decreased nitric oxide 

activity due to ESRD are assumed to be the factors that could contribute to increased CAD 

risk [6]. Moreover, comorbidities associated with ESRD like diabetes mellitus, hypertension 

and hypercholesterolemia can contribute increasingly towards adverse cardiovascular 

outcomes. In our study, we found increased rates of co-morbidities among ESRD patients 

which could possibly increase the chances of AMI. In our cohort of STEMI with ESRD, we 

found a significant proportion of diabetics (31%). This number is significantly higher than 

reported in (SWEDEHEART) registry, which has a diabetes rate between 25.8% in men and 

28.2% in women [11]. Glycemic control optimization, especially in these patients, is 

important since ESRD and diabetes seem to have synergistic effects. In our study we found 

ESRD to be higher among females (42.1%) and our results are consistent with the 

(SWEDEHEART) registry where incidences of STEMI in female ESRD patients were 

higher compared to men. It is noteworthy to mention that two studies even marked ESRD in 

women as the most important and strong prognostic factor for STEMI compared with men 

[7,8].

Immediate reperfusion therapy with percutaneous coronary intervention is the standard of 

care in patients with STEMI [9-12]. Our study highlights the less frequent use of evidence-

based reperfusion therapies and less aggressive management of ESRD patients with MI and 

this could possibly contribute to the higher risk of mortality and adverse outcomes. Our 

results can be supported by two studies which reported poorer outcomes in high-risk ESRD 

patients that less frequently used immediate evidence-based therapies for AMI including 

antiplatelet medications, beta-blockers, angiotensin-converting enzyme inhibitors and 

revascularization [13,14]. Similar outcomes were reported by one nationwide inpatient 

registry study by Brijesh Patel et al., though there was an increased use of PCI in during 

2006–2012 among AMI patients, less life-saving procedures were performed in AMI 

patients with ESRD [15]. In another study by Chertow GM et al. poorer outcomes were 

observed for patients treated with medical therapy alone, hence PCI and CABG must be 

considered as therapeutic options in this patient population [16]. Therefore, more aggressive 

strategies for the diagnosis and treatment of AMI in patients with ESRD are needed. We 
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found mortality rates almost twice more than non-ESRD patients and our results are 

consistent with previously published reports of increased mortality of AMI in (ESRD) 

patients' cohort [17-22].

The poor outcome of CKD patients with AMI would appear to be partially attributable to 

therapeutic nihilism (poor outcomes of CKD patients with AMI are at least partially 

attributable to therapeutic nihilism originating from fear of precipitating potential bleeding 

complications after institution of prompt reperfusion therapies and lack of clinical trial 

outcome data as ESRD patients were excluded from all AMI trials.) [23]. Moreover, Herzog 

et al. showed that dialysis patients with STEMI are less likely to present with chest pain and 

less likely to have ST-segment elevation on EKG and thus less likely to be accurately 

diagnosed with STEMI [24,25].

In our study, we observed that patients having ESRD had varied cardiovascular 

complications during hospitalization which includes cardiogenic shock, pericardial effusion, 

use of percutaneous ventricular assist device and cardiopulmonary resuscitation. These 

complications could possibly be attributed to multiple factors including a higher burden of 

comorbidities at baseline resulting in a sicker cohort of patients and due to undertreatment of 

AMI. This highlights the importance of multiple risk reduction measures in ESRD patients 

and maintaining a high index suspicion for STEMI given that these patients are less likely to 

have typical clinical and electrocardiographic manifestations of STEMI and also the 

importance of adherence to evidence-based prompt reperfusion therapies and other 

evidence-based therapies once STEMI is diagnosed.

Despite advances in management of STEMI and reduction of mortality from STEMI in the 

general population over the past two decades results of our study showing poor outcomes of 

STEMI in dialysis patients and corroborated by prior studies showing similar results, 

including higher in-hospital mortality and higher incidence of major complications including 

cardiogenic shock highlight the need to focus on a multi-pronged approach to improve 

clinical outcomes in this cohort of patients. However, based on their multiple comorbidities 

and severe clinical presentation there is a much higher risk of adverse outcomes; unfavorably 

affecting the risk-benefit ratio of coronary revascularization procedures. These further stress 

the importance of individualization, proper patient selection and patient-centric care 

management.

Our study has several limitations that need to be highlighted. First, NIS is an administrative 

claim-based database that uses ICD-9-CM and ICD-10-CM codes, which are prone to 

coding errors, however, the hard clinical endpoints used in this study such as 

revascularization, hospital mortality and discharge disposition are less prone to diagnostic 

and coding errors. Second, NIS collects data on in-patient discharges and each admission is 

registered as an independent event, it is, therefore, possible that one patient may have more 

than one admission in the same or subsequent years which may lead to duplicate registration 

of patients. Third, patients are not followed longitudinally in NIS so long-term outcomes 

could not be assessed from present dataset, nonetheless we believe our study gives useful 

insights into the significantly worse hospital outcomes and complications of STEMI in 
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ESRD likely stemming at least partially from differences in acute management of STEMI in 

this cohort of patients and underutilization of reperfusion therapies.

In conclusion, this is the largest study examining the trends in treatment patterns and 

outcomes of acute myocardial infarction in patients with ESRD. ESRD patients are almost 

twice more likely to die from STEMI compared to their counterparts without ESRD, and 

after adjustment for confounding variables, ESRD is the strongest predictor of death among 

patients with STEMI. ESRD patients are also less likely to receive reperfusion therapy with 

either primary PCI or fibrinolysis compared to patients with normal renal function. We 

propose that future research should be directed towards improving the clinical outcomes of 

STEMI in dialysis patients especially with a focus on risk reduction and management of 

multiple co-morbidities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

HCUP Healthcare Cost and Utilization Project

ICD-9-CM International Classification of Diseases, 9th Revision, Clinical 

Modification

ICD-10-CM International Classification of Diseases, 10th Revision, Clinical 

Modification

CAD coronary artery disease

PCI percutaneous coronary intervention

CABG coronary bypass grating

ESRD end-stage renal disease

STEMI ST-segment elevation myocardial infarction

NIS national in-patient sample

AHRQ Agency for Healthcare Research and Quality

CPR cardiopulmonary resuscitation

AMI acute myocardial infarction
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Fig. 1. 
Flow sheet of our study.
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Fig. 2. Mortality trends in STEMI.
P<0.01 ESRD; End stage Renal disease, STEMI; ST segment elevation Myocardial 

Infarction
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Fig. 3. Mean Length of stay in STEMI.
P<0.01 ESRD; End stage Renal disease, STEMI; ST segment elevation Myocardial 

Infarction
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Fig. 4. Trends in Revascularization strategies in STEMI.
P<0.01 PCI; Percutaneous Coronary Intervention, CABG; Coronary Artery Bypass Grafting
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Fig. 5. Predictors of mortality in ST-elevation myocardial infarction.
STEMI; ST segment elevation Myocardial Infarction, Multiple Logistic Regression model 

with stepwise entry (p<0.1)
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