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Background: There are limited data on prolonged invasive mechanical ventilation (IMV) and tracheostomy use in
intubated acute myocardial infarction with cardiogenic shock (AMI-CS) patients.

Methods: Using the National Inpatient Sample, all admissions with AMI-CS requiring IMV between January 1, 2000,
and December 31, 2014, were included. Prolonged IMV was defined as IMV use >96 h. Outcomes of interest in-
cluded temporal trends in use of prolonged IMV and tracheostomy, in-hospital mortality, and resource utilization.
Results: In this 15-year period, 185,589 intubated AMI-CS admissions met the inclusion criteria. Prolonged IMV
(>96 h) and tracheostomy use were noted in 68,544 (36.9%) and 10,645 (5.7%), respectively. Prolonged IMV
and tracheostomy were used more commonly in younger patients. The cohort with prolonged IMV had higher
organ failure and greater use of cardiac and non-cardiac organ support. Temporal trends showed a decline
in prolonged IMV (adjusted odds ratio {aOR} 0.61 [95% confidence interval {CI} 0.57-0.65]) and tracheostomy
use (aOR 0.80 [95% CI 0.70-0.90]) in 2014 compared to 2000. Prolonged IMV (aOR 0.45 [95% CI 0.44-0.47];
p<0.001) and tracheostomy (aOR 0.28 [95% C10.27-0.29]; p < 0.001) were associated with lower in-hospital mor-
tality with a decreasing trend between 2000 and 2014 in intubated AMI-CS admissions. Patients with prolonged
IMV and tracheostomy use had nearly three-fold higher health care costs, and four-fold longer hospital stays.
Conclusions: In this cohort of intubated AMI-CS admissions, prolonged IMV and tracheostomy showed a temporal
decrease between 2000 and 2014. Prolonged IMV and tracheostomy use was associated with high resource
utilization.
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1. Introduction

Acute myocardial infarction (AMI) continues to contribute to nearly
80% of all cardiogenic shock (CS) patients seen in contemporary practice
and is associated with high mortality and morbidity [1,2]. Patients with
AMI-CS frequently develop respiratory failure due to cardiogenic pul-
monary edema and inflammatory syndromes resulting in the need for
invasive mechanical ventilation (IMV) [3]. Prior data have demon-
strated an increase in respiratory failure and IMV use in CS [1-3]. Use
of prolonged IMV in unselected critically ill population is associated
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with nearly 30% mortality and significantly higher resource utilization
[4]. Furthermore, these patients typically need a tracheostomy to
decrease sedation and facilitate early mobilization [5]. There are limited
large-scale epidemiological data on prolonged IMV and tracheostomy
use from the United States in critically ill populations [4,5]. Using a
15-year nationally representative database, we sought to assess the
contemporary incidence, temporal trends, and outcomes of prolonged
IMV (296 h) and tracheostomy use in patients with AMI-CS. We hy-
pothesized that during this 15-year study period, improvements in
clinical care and patient selection have resulted in a declining need
for prolonged respiratory support.

2. Material and methods

The Healthcare Cost and Utilization Project - Nationwide/National Inpatient Sample
(HCUP-NIS) is the largest all-payer database of hospitalized inpatients in the United
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States, containing discharge data from 20% non-federal hospitals [6]. A retrospective co-
hort of admissions with a primary diagnosis of AMI (International Classification of
Diseases 9 Clinical Modification [ICD-9CM] 410.x) with a secondary diagnosis of CS
(ICD-9CM 785.51) was identified between January 1, 2000, and December 31, 2014 [7].
We included all admissions receiving IMV (ICD-9CM 96.7, 96.70, 96.71, 96.72) [4,5,8].
Previously validated methodology was used to identify prolonged IMV (ICD-9CM 96.72),
and tracheostomy (ICD-9CM 31.1x, 31.21, and 31.29) use [4,5,8]. Prolonged IMV was de-
fined as IMV use >96 h [4]. The Deyo's modification of the Charlson Comorbidity Index
was used to identify co-morbid diseases (Supplementary Table 1) [9]. Previously validated
methodology was used to identify acute organ failure and use of cardiac and non-cardiac
procedures [2,10,11]. The primary outcome was the incidence and temporal trends
of prolonged IMV and tracheostomy use in AMI-CS. Secondary outcomes included in-
hospital mortality, length-of-stay, use of do-not-resuscitate (DNR) status, and resource
utilization.

2.1. Statistical analysis

Trend weights provided by the HCUP-NIS were used to re-weight the data to adjust
for the 2012 HCUP-NIS re-design [12]. Chi-square and t-tests were used to compare cate-
gorical and continuous variables respectively. Data were presented as odds ratio (OR) and
95% confidence intervals (CI). Adjusted temporal trends were calculated using multivari-
able hierarchical logistic regression analysis incorporating age, sex, race, admission year,
primary payer status, socio-economic stratum, hospital characteristics, comorbidities,
acute organ dysfunction, cardiac procedures, mechanical circulatory support and hemodi-
alysis (referent year 2000). For the multivariate modeling, multivariable hierarchical logis-
tic regression analysis with purposeful selection of statistically (p < 0.20 by univariate

analysis) and clinically relevant variables was conducted. Two-tailed p < 0.05 was consid-
ered statistically significant. All statistical analyses were performed using SPSS version
25.0 (IBM Corp, Armonk NY).

3. Results

There were 185,589 admissions for AMI-CS receiving IMV in this
15-year period that met the inclusion criteria. Prolonged IMV (IMV
use >96 h) and tracheostomy use were noted in 68,544 (36.9%) and
10,645 (5.7%), respectively. The 15-year unadjusted and adjusted tem-
poral trends are presented in Fig. 1A and B. The baseline characteristics
of the cohorts are presented in Table 1. Compared to those with IMV
use <96 h, admissions receiving prolonged IMV and tracheostomy
were more likely to be younger, of non-White race, with non-ST eleva-
tion AMI-CS and admitted to large urban hospitals (all p < 0.001). Tra-
cheostomy was performed at 16 (interquartile range 7-25) days after
admission or 14 (interquartile range 6-22) days after endotracheal
intubation. Admissions with prolonged IMV had greater acute kidney
injury (54.5% vs. 37.0%), acute neurological failure (29.4% vs. 19.5%),
use of coronary angiography (70.9% vs. 61.9%), percutaneous coronary
intervention (46.3% vs. 42.2%), invasive hemodynamic monitoring
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Fig. 1. Unadjusted and adjusted 15-year temporal trends for the incidence and in-hospital mortality with prolonged IMV and tracheostomy in intubated AMI-CS patients Legend: 1A:
Unadjusted temporal trends of prolonged IMV and tracheostomy use in AMI-CS; 1B: Adjusted temporal trends of prolonged IMV and tracheostomy use in AMI-CS (referent year 2000)
*; 1C: Unadjusted temporal trends in the in-hospital mortality with prolonged IMV and tracheostomy use in AMI-CS; 1D: Adjusted temporal trends of in-hospital mortality in
prolonged IMV and tracheostomy use in AMI-CS (referent year 2000)"; all p < 0.001 for trend *Adjusted for age, sex, race, primary payer, socio-economic status, hospital location/
teaching status, hospital bedsize, hospital region, comorbidity, acute kidney injury, acute hepatic failure, acute neurological failure, cardiac arrest, use of coronary angiography,
percutaneous coronary interventions, invasive hemodynamic monitoring, mechanical circulatory support, and hemodialysis “Adjusted for age, sex, race, primary payer, socio-
economic status, hospital location/teaching status, hospital bedsize, hospital region, comorbidity, acute kidney injury, acute hepatic failure, acute neurological failure, cardiac arrest, use
of coronary angiography, percutaneous coronary interventions, invasive hemodynamic monitoring, mechanical circulatory support, hemodialysis, and do-not-resuscitate status
Abbreviations: AMI: acute myocardial infarction; CS: cardiogenic shock; IMV: invasive mechanical ventilation.
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Table 1

Baseline and hospital characteristics of intubated AMI-CS admissions with prolonged IMV and tracheostomy use.

Characteristic Prolonged IMV ~ No prolonged IMV ~ p Tracheostomy  No tracheostomy p
(N = 68,544) (N =117,045) (N =10,645) (N =57,899)
AMI type ST-elevation 63.5 69.1 <0.001 61.5 67.4 <0.001
Non-ST elevation 36.5 309 385 326
Age (years) 672+ 122 69.6 + 12.6 <0.001 67.0 + 11.9 68.8 + 12.6 <0.001
Female sex 34.5 40.1 <0.001 376 38.1 <0.001
Race White 62.3 64.5 <0.001 61.1 63.9 <0.001
Non-White® 37.7 35.5 389 36.1
Primary payer Medicare 58.2 63.2 <0.001 59.4 61.5 <0.001
Medicaid 8.7 6.3 9.9 7.0
Others 33.1 30.5 30.7 315
Quartile of median household income for zip code ~ 0-25th 237 230 <0.001 243 232 <0.001
26th-50th 25.7 26.5 24.5 26.3
51st-75th 24.8 25.1 25.0 25.0
75th-100th 25.8 254 26.2 25.5
Charlson Comorbidity Index 0-3 220 225 <0.001 20.2 224 <0.001
4-6 58.3 56.9 61.1 57.2
>7 19.7 20.6 18.7 204
Hospital teaching status and location Rural 34 7.0 <0.001 2.3 58 <0.001
Urban non-teaching 36.3 424 31.6 40.6
Urban teaching 60.3 50.7 66.1 53.5
Hospital bed-size Small 6.1 7.9 <0.001 5.7 73 <0.001
Medium 20.6 229 194 222
Large 73.2 69.2 74.8 70.4
Hospital region Northeast 203 19.1 <0.001 21.8 19.4 <0.001
Midwest 224 227 209 227
South 35.2 36.3 384 357
West 221 219 189 22.1

Legend: represented as percentage or mean + standard deviation.

Abbreviations: AMI: acute myocardial infarction; CS: cardiogenic shock; IMV: invasive mechanical ventilation.

@ Black, Hispanic, Asian or Pacific Islander, Native American, Others.

(29.6% vs. 20.5%), mechanical circulatory support (55.4 vs. 40.5%), and
hemodialysis (9.8% vs. 3.3%), but lower rates of cardiac arrest (25% vs.
30.5%) (all p <0.001). Admissions with tracheostomy use had greater
acute kidney injury (60.6% vs. 42.4%), acute neurological failure (34.6%
vs. 19.5%), mechanical circulatory support (53.6% vs. 45.5%), and hemo-
dialysis (12.1 vs. 5.3%), but lower rates of cardiac arrest (22.9% vs.
28.8%), coronary angiography (62.4% vs. 65.4%) and percutaneous coro-
nary intervention (39.2% vs 44%) (all p < 0.001).

In-hospital mortality was lower in patients with prolonged IMV
(38.3% vs. 56.3%; OR 0.48 (0.47-0.49); p < 0.001) compared to those
with IMV duration <96 h. The 15-year unadjusted and adjusted tempo-
ral trends of in-hospital mortality are presented in Fig. 1C and D.
Admissions with prolonged IMV and tracheostomy had longer lengths
of stay, greater hospital costs, lesser use of DNR status, and were
discharged more frequently to skilled nursing facilities (Table 2). In a
multivariable hierarchical logistic regression analysis, prolonged IMV
(OR 0.45 [95% CI 0.44-0.47]; p < 0.001) and tracheostomy (OR 0.28
[95% CI 0.27-0.29]; p < 0.001) were associated with lower in-hospital
mortality.

4. Discussion

In this nationally-representative population of intubated AMI-CS
patients, we noted a temporal decrease in the use of prolonged IMV and
tracheostomy. Nearly 1/3rd admissions with IMV use needed prolonged
IMV, of which 15% required tracheostomy. Prolonged IMV and tracheos-
tomy were seen more commonly in younger patients. Patients with
prolonged IMV and tracheostomy had lower in-hospital mortality
with a decline in adjusted temporal trends. Prolonged IMV and trache-
ostomy use were associated with nearly three-fold higher health care
costs, and four-fold longer hospital stays. Just over half the admissions
with prolonged IMV use and 3/4th of the admissions with tracheostomy
were discharged to skilled nursing facilities.

This study is consistent with prior works that note prolonged IMV and
tracheostomy to be associated with high resource utilization [4,5,8,13].
Unlike in unselected critically ill patients, the rates of prolonged IMV
and tracheostomy have decreased in this AMI-CS population [5].
This may be due to, (i) a concomitant rise in the use of palliative care
resulting in better end-of-life care [4]; (ii) earlier extubation due to

Table 2
Clinical outcomes of intubated AMI-CS admissions with prolonged IMV and tracheostomy use.
Characteristic Prolonged IMV No prolonged IMV p Tracheostomy No tracheostomy p
(N = 68,544) (N =117,045) (N =10,645) (N =57,899)
In-hospital mortality 383 56.3 <0.001 24.8 51.2 <0.001
Median length of stay (days) 19.1 £ 16.8 6.4 + 6.9 <0.001 37.5 + 26.2 10.0 £9.8 <0.001
Median hospitalization costs (US Dollars) 247,169 + 227,047 91,293 4+ 101,535 <0.001 435,286 + 329,999 131,471 £ 145,725 <0.001
Do-not-resuscitate status 6.3 3.8 <0.001 5.6 1.5 <0.001
Discharge disposition Home 219 38.7 <0.001 6.6 334 <0.001
Transferred to other hospitals 10.0 19.5 9.9 15.7
Skilled nursing facility 51.9 243 76.0 33.1
Home with home health care 15.4 16.8 6.7 171
Against medical advice 0.6 0.5 0.1 0.5

Legend: represented as percentage or mean =+ standard deviation.

Abbreviations: AMI: acute myocardial infarction; CS: cardiogenic shock; IMV: invasive mechanical ventilation; US: United States.
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lower need for sedation and hence delirium episodes [1]; (iii) earlier re-
perfusion and aggressive management of CS contributing to faster respi-
ratory stabilization; and (iv) effective use of non-invasive mechanical
ventilation for pulmonary edema. Prior registries have evaluated the
role of non-invasive ventilation and IMV in patients with CS [3,14].
Compared to other critically ill cohorts, patients requiring IMV in
AMI-CS often have higher rates of acute neurological failure, more se-
vere shock as evidenced by higher lactate levels and metabolic acidosis
[3]. Furthermore, biventricular dysfunction may result in complex
hemodynamics since IMV decreases left ventricular afterload, but also
increases pulmonary vasoconstriction resulting in increased right ven-
tricular afterload [15,16]. Currently, there are limited data on the opti-
mal mode of IMV in these patients [1]. Our data are of incremental
value to prior studies that address the use of IMV in AMI-CS [3,17]. Im-
portantly, we note that AMI-CS patients who need prolonged IMV often
have poorer outcomes compared to those without prolonged IMV.
These patients also have higher rates of concomitant organ failure and
non-cardiac organ support use. Consistent with non-CS populations, we
demonstrated that these patients are discharged more often to skilled
nursing facilities [5,13]. These patients typically have multiple hospital
readmissions and gradual deterioration of health status during long-
term follow-up [13].

Even though prolonged IMV and tracheostomy were associated with
lower in-hospital mortality, this cohort may represent a self-selected
younger population that physicians and families believe will benefit
from prolonged respiratory support. This is further substantiated by
the significantly lower use of DNR status in these cohorts. However,
these factors need to be weighed against the significantly higher use
of resources and poor overall trajectory in patients with prolonged
IMV [13]. Early identification of this cohort remains crucial to aid
in the development of strategies for respiratory care. Use of low-tidal
volume lung protective ventilation remains crucial in these patients to
prevent barotrauma and volutrauma in these patients independent of
concomitant acute respiratory distress syndrome [18,19]. There is a sig-
nificant need to develop early risk-stratification paradigms that will aid
in palliative care consultation to help in the judicious use of healthcare
resources [4].

4.1. Limitations

This study has several limitations, despite the HCUP-NIS attempts to
mitigate potential errors by using internal and external quality control
measures. Echocardiographic data, mechanical ventilation settings,
sedation, and paralysis information were unavailable in this database.
Due to the administrative nature of this database, we are unable to as-
sess terminal extubation, duration of IMV and weaning of IMV which
are crucial determinants of clinical outcomes in this population. There
is wide variability in tracheostomy use between centers in the United
States which could influence the utilization and timing of this therapy
[5]. Cultural, familial and religious beliefs that drive decision-making re-
garding the use of IMV and conversion to tracheostomy that impact
decision-making were not assessed in this database. The additional bur-
den of out-of-hospital costs and re-admissions was not captured in this
single admission database.

5. Conclusions

In this large cohort of nationally representative mechanically
ventilated AMI-CS admissions over 15-years, we noted a decrease
in prolonged IMV and tracheostomy. These admissions were associ-
ated with significantly higher in-hospital and post-hospitalization re-
source utilization. Further dedicated research is needed to aid in early
identification of this high-risk cohort to optimize respiratory support
resources.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2019.03.008.
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