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Abstract

Data addressing the use of respiratory support in acute coronary syndromes are lacking. To 

address this evidence gap, we characterized prognostic impact and trends in utilization of invasive 

mechanical ventilation (IMV) and non-invasive ventilation (NIV) in patients hospitalized with ST-

segment elevation myocardial infarction (STEMI) from 2002 through 2013 using the National 

Inpatient Sample. Multivariable logistic regression was performed to identify patient, hospital, and 

clinical characteristics associated with requiring IMV or NIV within 24-hours of hospitalization. 

Multivariable Cox proportional hazards regression was used to quantify the magnitude of in-

hospital mortality associated with IMV and NIV use. Between 2002 and 2013, we identified 

1,867,114 STEMI patients. Age, sex, higher comorbidity burden and chronic pulmonary disease 

were significantly associated with need for respiratory support. The use of IMV and NIV 

increased at average annual rates of 6.6% and 14.3%, respectively (Ptrend < 0.001). Age- and sex-

adjusted mortality rates are high but declined for STEMI patients requiring IMV (44.7% in 2002 

to 37.6% in 2013, Ptrend = 0.002) and NIV (11.6% in 2002 to 6.8% in 2013, Ptrend < 0.001). 

Compared to STEMI patients with no ventilation need, a requirement for IMV or NIV was 

associated with increased adjusted in-hospital mortality (hazard ratio [HR]: 2.5; p < 0.001 and 

[HR]: 1.7; p < 0.001, respectively). In conclusion, approximately 1 in 23 patients hospitalized with 

STEMI will require respiratory support in the form of IMV or NIV. STEMI patients who require 

respiratory support have a high risk of death, though rates of in-hospital mortality have decreased 

over time.
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Introduction

ST-segment elevation myocardial infarction (STEMI) complicated by respiratory failure is a 

common entity in clinical practice, however the incidence nationwide and the risk 

attributable to concomitant need for respiratory support in STEMI are not well established. 

Positive pressure ventilation can impact myocardial ischemia1, and small studies have 

suggested substantially worse outcomes among patients with myocardial infarction (MI) 

requiring ventilator support2–4. Defining the magnitude of this problem is also a prerequisite 

to further study of specific ventilation strategies in patients with myocardial infarction, 

which is an unmet need in critical care cardiology research5. Thus, our goal was to 

characterize the incidence and temporal trends of use of IMV and NIV in STEMI, to identify 

the magnitude of hazard for mortality associated with requiring IMV and NIV in STEMI, 

and to identify clinical characteristics suggesting increased likelihood of need for respiratory 

support in STEMI. To address these questions, we conducted an analysis in the National 

Inpatient Sample (NIS), a comprehensive national database of United States hospital 

admissions.

Methods

We abstracted data from the NIS database from 2002 to 2013. The NIS is the largest all-

payer inpatient care database in the United States and contains discharge level data for 

approximately 8 million hospitalizations annually from 1000 U.S hospitals. Approval for the 

use of the NIS patient-level data was obtained from the Institutional Review Board of Johns 

Hopkins University and from the Healthcare Cost and Utilization Project.

All diagnoses and procedures in the NIS are coded with standard International Classification 

of Disease-Ninth Edition- Clinical Modification (ICD-9-CM) codes. The first diagnosis in 

the database is the principal diagnosis considered the primary reason for hospital admission. 

All hospitalizations with a principal diagnosis of STEMI (n=2,385,288) were identified 

using ICD-9-CM codes consistent with previously published literature6,7. Patients were 

excluded (n=469,347) from the study if they were <18 years of age, were missing data on 

survival outcome upon discharge or were transferred in from another acute care hospital 

(Supplementary eFigure 1). Patients with out-of-hospital cardiac arrest as the primary 

diagnosis (identified by a primary ICD-9 code 427.5 & 427.41) were excluded given that 

nearly all of these patients would be expected to have advanced airways placed pre-hospital 

or shortly after emergency department arrival. ICD-9-CM procedural codes 96.04 and 93.90 

were then used to identify the implementation of invasive mechanical ventilation (IMV) and 

non-invasive ventilation (NIV) consistent with methodology previously published8,9. Time 

from admission to initiation of IMV or NIV was extracted and patients with time-to-

ventilation beyond 24 hours were excluded (n=48,827) to ensure that the use of IMV and 

NIV was immediately proximal to and likely referable to presentation with STEMI. The 

final study population analyzed, therefore, included 7,030 patients with STEMI treated with 

NIV, 72,220 patients with STEMI treated with IMV and 1,787,864 patients with STEMI and 

no ventilation needs (Supplemental Figure 1).
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The NIS provides 29 Elixhauser comorbidities for each hospital admission on the basis of 

standard ICD-9 CM codes. These were used to derive the prevalence of chronic pulmonary 

disease, chronic renal failure, congestive heart failure, diabetes mellitus, hypertension, 

obesity and peripheral vascular disease in our population. In addition, we used standard 

ICD-9-CM codes to identify the prevalence of coronary artery disease, dyslipidemia, 

smoking, prior myocardial infarction, prior percutaneous coronary intervention, prior 

coronary artery bypass graft surgery as well as occurrence of in-hospital cardiac arrest and 

cardiogenic shock. The burden of comorbidities was assessed using the Charlson 

Comorbidity Score which is based on 17 diagnosis categories with higher scores associated 

with higher in-hospital mortality10. Procedural ICD-9-CM codes were also used to capture 

treatment with intra-aortic balloon pump, percutaneous coronary intervention, coronary 

artery bypass graft surgery as well as thrombolysis during the current hospitalization. Our 

choice of ICD-9-CM codes is consistent with methodologies detailed elsewhere11,12 and a 

list of all used ICD-9-CM codes is shown in Supplementary eTable 1.

We evaluated the trends in mortality and use of ventilation strategies in patients hospitalized 

with ST-segment elevation myocardial infarction in the United States between 2002 and 

2013. We divided our population into three groups: STEMI with IMV, STEMI with NIV and 

STEMI with no ventilation needs. In-hospital mortality and use of ventilation (either IMV or 

NIV) were primary end points in this study. Secondary end points of interest included total 

hospital charges, and total hospital costs and charges.

Statistical comparisons were performed using Stata/MP version 13.0 (StataCorp Inc, College 

Station, TX). The NIS database provides “trend weights” to facilitate analysis of trends 

across multiple years and to obtain national estimates. Patient- and hospital- level 

characteristics and outcomes of interest were compared between the three groups (STEMI 

with IMV, STEMI with NIV and STEMI with no ventilation needs) using the Pearson χ2 

test for categorical variables and linear regression (1-way ANOVA) for continuous variables. 

To determine the predictors of need for IMV, we constructed survey-weighted logistic 

regression models with IMV as the dependent variable while accounting for clustering 

within hospitals. A similar model was used to determine predictors of need for NIV. 

Multivariate logistic regression models were fitted adjusting for factors of a priori interest 

including age, sex, race, Charlson comorbidity index, chronic pulmonary disease, smoking, 

obesity, weekend versus weekday admission, in-hospital cardiac arrest, development of 

cardiogenic shock and admission to a teaching vs. non-teaching hospital.

Annual rates of IMV and NIV were calculated per 1000 STEMI patients between 2002 and 

2013. Logistic regression models for IMV and NIV were fitted with year as an independent 

continuous variable (2002-2013) to obtain odds ratios per year-unit increase and 

corresponding Ptrend. Linear regression models were similarly fitted to examine temporal 

trends in mean total hospital charges and costs between 2002 and 2013. To assess whether 

in-hospital mortality had improved over time, multivariable regression models adjusting for 

age and sex were constructed according to mode of ventilation. These models accounted for 

clustering of patients within hospitals. Because in-hospital mortality exceeded 10%, we used 

Zou’s method to directly estimate rate ratios instead of odds ratios by specifying a Poisson 

distribution and including a robust variance estimate in our models13. Our independent 
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variable, calendar year, was included as a categorical variable, with 2002 as the reference 

year. Predictive margins were then used to obtain yearly risk-adjusted mortality rates for the 

study period. These rates represent the estimated in-hospital mortality for each year if the 

patient age/sex distribution were identical to that in the reference year. We also evaluated 

calendar year as a continuous variable to obtain adjusted rate ratio for year-to-year mortality 

trends (Ptrend). We analyzed the association between ventilation strategies and in-hospital 

mortality using Cox proportional hazards models censoring at end of follow up (hospital 

discharge or 30-days of hospital stay), whichever came first. Survival curves for the three 

groups were plotted by the Kaplan–Meier method, and the log‐rank test was used to test 

group differences in mortality. Cox proportional hazards modeling was used to calculate 

univariate and multivariate hazard ratios and the associated 95% CIs and P values. The 

proportional hazards assumption was met in all cases.

Data were complete for all covariates except race (21.9% missing), teaching status (0.4% 

missing), and sex (<0.1% missing). The report of the “other” race category in NIS varies 

between participating states; thus the “other” race (2.5%) category was considered as 

missing. We made the assumption that data were missing at random (MAR) and performed 

multivariate imputation by chained equations (MICE) methods estimated from sequential 

multivariable models with fully conditional specifications. Overall, 25 imputed data sets 

were constructed using information from all covariates used in regression models as well as 

other covariates in the database without missing information. Results with and without 

imputation were not meaningfully different. Thus, the former are reported.

Results

Of 1,867,114 STEMI patients included from 2002 to 2013, 72,220 were treated with IMV 

(3.9%) and 7,030 were treated with NIV (0.4%). Compared to STEMI patients requiring no 

respiratory support, patients who required IMV or NIV were older and more likely to be 

females (Table 1). Patients requiring respiratory support with IMV or NIV were also more 

likely to have chronic lung disease, chronic kidney disease and diabetes with a resultant 

higher Charlson comorbidity index but less likely to smoke or have previously diagnosed 

coronary artery disease and dyslipidemia (Table 1). Smokers were younger than non-

smokers and had correspondingly lower co-morbidity index as shown in supplemental 

eTable 2.

Moving from no respiratory support to NIV to IMV, there were stepwise increases in rates of 

cardiogenic shock, in-hospital arrest, in-hospital mortality, hospital length of stay and 

hospital costs and charges (Table 1). Patients requiring IMV and NIV had higher rates of 

anterior and anterolateral infarction and lower rates of inferior infarction compared to 

patients requiring neither modality (eTable 3). Patients requiring IMV and NIV both had 

increased rates of additional organ failure- delirium (brain failure) and renal failure- 

compared to those requiring neither modality. Compared to STEMI patients requiring no 

respiratory support, patients with STEMI requiring IMV or NIV had significantly lower use 

of coronary angiography, PCI and CABG.
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The association between selected factors and need for IMV or NIV for the entire study 

population is shown in Table 2. Older age, female sex, increasing co-morbidity index, 

chronic lung disease, weekend admission, presence of cardiogenic shock, and in-hospital 

arrest were all independently associated with requiring IMV. Similarly, age, female sex, 

increasing co-morbidity index, chronic lung disease, and presence of cardiogenic shock were 

associated with requiring NIV. Smoking was associated with a lower likelihood of requiring 

IMV and obesity was associated with a higher likelihood of requiring NIV.

As shown in Figure 1, use of IMV increased at an average annual rate of 6.6%; use of NIV 

increased at an average annual rate of 14.3% (Ptrend < 0.001). During the same period, age-

and sex-adjusted mortality decreased in both groups (Figure 2). The Kaplan-Meier survival 

curves associated with in-hospital mortality are displayed in Figure 3 for STEMI patients 

requiring IMV or NIV as well as for those with no requirement for respiratory support.

Figure 4 displays hazard ratios for clinical factors predicting mortality in the overall cohort. 

In panel A, which displays hazard ratios from univariate models, the need for IMV in 

STEMI was associated with a 5.47 fold increased hazard for death, which was second only 

to in-hospital cardiac arrest in magnitude. The need for NIV was associated with a 2.88 fold 

increased hazard for death. Both these associations persisted when adjusting for multiple 

clinical and hospital factors (Figure 4 panel B). Relative use of IMV and NIV across hospital 

size and geographic region is displayed in supplemental eFigures 2 and 3.

Both cost of hospitalization and hospital charges for STEMI patients requiring IMV and 

NIV increased over the study period (Figure 5).

Discussion

We demonstrate that approximately 1 in 23 patients with STEMI will require respiratory 

support with either invasive mechanical ventilation or non-invasive ventilation and the use of 

both IMV and NIV in STEMI is increasing over time. Patient demographics, chronic 

comorbidity, and acute illness predict the need for respiratory support, and the use of IMV 

and NIV is associated with substantially increased mortality and rising costs of care.

To our knowledge, our study represents the first nationwide assessment of the incidence and 

trends in use of mechanical and non-invasive ventilation in the setting of STEMI. Although 

we demonstrate that mortality is improving over time, mortality rates remain substantial. Of 

STEMI patients treated with IMV, 46% died, and a 2.5 fold increased risk of death persisted 

even after adjusting for presence of cardiogenic shock and in-hospital arrest. Prior small 

studies are consistent with our findings. A multi-center study of 457 intubated patients with 

acute MI reported 48% in-hospital mortality3. One single-center study of 157 intubated 

patients with acute MI reported 52% 28-day mortality4, and a second single center study of 

intubated STEMI patients reported short-term mortality of 44%14. Of note, our findings of 

decreased likelihood of mortality associated with obesity and smoking are consistent with 

some other studies of the “obesity paradox”15 and “smoker’s paradox”16, felt to represent 

asymmetry of baseline risk factors rather than protective effect. This paradox has been 

observed in other studies of STEMI in the NIS17. Our finding that weekend admission was 
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associated with increased rates of respiratory failure may be related to the fact that multiple 

studies and a systematic review have suggested that STEMI patients admitted during 

weekends and off-hours have worse outcomes related in part to delays in presentation and 

longer door-to-reperfusion times18.

The excess mortality associated with IMV and NIV is likely multifactorial and incorporates 

the high percentage of these patients with cardiogenic shock and in-hospital arrest19,20. 

After adjustment for these factors, the hazard ratio for death for STEMI patients requiring 

IMV in our study was 2.5, which is comparable to the magnitude of risk of a Killip 2, 3, or 4 

myocardial infarction21,22. The need for respiratory support with IMV or NIV in STEMI 

may thus be an integrative risk marker that incorporates infarct size, chronic co-morbidities, 

and respiratory and hemodynamic status. In our study, patients requiring NIV and IMV also 

received fewer revascularization procedures including both PCI and CABG- it is possible 

that these patients would have been transferred to other centers, felt ineligible due to severity 

of illness, or died prior to revascularization. The lower rate of revascularization would also 

contribute to the excess mortality observed, and presentation with respiratory failure has 

been shown to be associated with increased delay to PCI23. Health systems should identify 

and minimize delays in reperfusion for acute MI patients with respiratory failure.

Mechanical ventilation itself could also impact the excess mortality we observe. Barotrauma, 

atelectrauma, volutrauma and biotrauma are all adverse effects of mechanical ventilation24. 

Whereas high quality evidence exists to guide prescription of safe ventilation settings in 

patients with25 and without26 ARDS, there is a dearth of evidence as to the optimal 

ventilator settings in acute ischemic heart disease. Positive intrathoracic pressure can impact 

cardiac hemodynamics27 and reduction in ventilator support can precipitate worsening 

cardiac ischemia1. Thus, there is a large evidence gap in how best to ventilate the patient 

with acute ischemic heart disease who requires positive pressure ventilation. There is little-

to-no high quality data to guide selection of the optimal mode of respiratory support in acute 

ischemic heart disease.

There are limitations to our study including retrospective study design; thus, we demonstrate 

associations and can only speculate as to causal relationships between clinical factors, the 

use of IMV and NIV, and outcome. The NIS is an administrative database; therefore 

inaccuracies in coding of procedures or diagnoses are an inherent limitation. Given the 

administrative nature of the database, it is also not possible to ascertain granular differences 

in medical therapy between groups- such as antiplatelet therapy, for example- which is an 

important area for future research. We included only patients presenting de novo to the 

hospital, excluding patients who were admitted as inter-hospital transfers. Characterizing the 

population of patients with STEMI and respiratory failure who are treated with a transfer 

strategy is an important area for future study. Overall, our findings imply that studies to 

optimize systems-related issues including CCU staffing, and to identify the optimal mode of 

respiratory support and the safest ventilator settings for patients with acute ischemic heart 

disease are needed.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Trends of Ventilation Strategies
Rates of IMV and NIV use in STEMI during the study period (P < 0.001 for trend for both 

IMV and NIV). STEMI = ST-segment elevation myocardial Infarction; IMV = invasive 

mechanical ventilation; NIV = non-invasive mechanical ventilation.
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Figure 2. Mortality Trends
Rates are adjusted for age and sex in patients with STEMI treated with both NIV and IMV 

(P < 0.001 for trend for both). STEMI = ST-segment elevation myocardial Infarction; IMV = 

invasive mechanical ventilation; NIV = non-invasive mechanical ventilation.
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Figure 3. Kaplan-Meier Survival Curves
Kaplan-Meier curves for 30-day in-hospital mortality for patients with STEMI receiving 

IMV, NIV, or neither modality (P < 0.001 by log-rank). STEMI = ST-segment elevation 

myocardial Infarction; IMV = invasive mechanical ventilation; NIV = non-invasive 

mechanical ventilation.
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Figure 4. Cox Proportional Hazards Regression Analysis
Panel A displays hazard ratios from univariate cox models with a primary outcome of in-

hospital mortality. Panel B displays the hazard ratios from a multivariate cox model 

incorporating the covariates displayed, with a primary outcome of in-hospital mortality.
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Figure 5. Trends of Hospital Costs and Charges
Panel A displays the hospital costs and panel B hospital charges for patients with STEMI 

treated with IMV and NIV over time. (P < 0.001 for all trends). STEMI = ST-segment 

elevation myocardial Infarction; IMV = invasive mechanical ventilation; NIV = non-invasive 

mechanical ventilation.
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Table 2

Association Between Select Factors and Type of Ventilation For the Entire Study Period, NIS 2002–2013

Factor

Odds Ratio (95% CI)

Invasive Mechanical Ventilation on Day 1 Non-Invasive Ventilation on Day 1

Unadjusted Adjusted* Unadjusted Adjusted*

Age (every 10yrs >18) 1.18 (1.17–1.20) 1.04 (1.02–1.06) 1.56 (1.49–1.62) 1.40 (1.33–1.47)

Women 1.29 (1.25–1.34) 1.08 (1.04–1.12) 1.95 (1.75–2.17) 1.23 (1.11–1.37)

White Reference Reference Reference Reference

Black 1.26 (1.17–1.35) 1.32 (1.22–1.43) 0.90 (0.72–1.12) 0.94 (0.75–1.17)

Hispanic 1.41 (1.31–1.52) 1.36 (1.25–1.48) 1.16 (0.95–1.42) 1.29 (1.05–1.58)

Asian/Pacific Islander 1.84 (1.65–2.07) 1.50 (1.32–1.71) 1.36 (0.97–1.92) 1.43 (1.01–2.01)

Native American 0.90 (0.65–1.23) 0.86 (0.59–1.25) 0.48 (0.13–1.76) 0.52 (0.14–1.9)

Charlson comorbidity index

 1 Reference Reference Reference Reference

 2 1.94 (1.86–2.03) 1.52 (1.45–1.60) 4.13 (3.42–4.97) 3.01 (2.48–3.65)

 ≥3 3.22 (3.08–3.37) 2.17 (2.05–2.29) 12.77 (10.70–15.25) 7.27 (5.97–8.85)

Chronic pulmonary disease 1.54 (1.47–1.61) 1.11 (1.05–1.17) 3.10 (2.79–3.46) 1.42 (1.26–1.60)

Smoker 0.56 (0.54–0.59) 0.74 (0.70–0.78) 0.67 (0.59–0.76) 1.07 (0.94–1.22)

Obesity 0.97 (0.91–1.03) 1.04 (0.97–1.11) 1.73 (1.49–2.01) 2.10 (1.81–2.44)

Weekend versus weekday 1.10 (0.06–1.14) 1.11 (1.07–1.16) 0.98 (0.87–1.10) 1.01 (0.90–1.13)

Teaching versus non-teaching 0.97 (0.89–1.05) 0.94 (0.87–1.03) 0.99 (0.85–1.16) 1.10 (0.94–1.29)

In-hospital arrest 31.4 (29.6–33.3) 20.4 (18.9–22.0) 1.0 (0.67–1.49) 0.64 (0.43–0.96)

Cardiogenic Shock 13.3 (12.7–13.9) 9.2 (8.8–9.7) 2.66 (2.32–3.04) 1.96 (1.70–2.26)

*
Adjusted for age, gender, race, Charlson comorbidity index, chronic pulmonary disease, smoking, obesity, weekend vs. weekday admission, in-

hospital cardiac arrest, cardiogenic shock, and teaching status of hospital.

Abbreviations: NIS, national inpatient sample
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