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OBJECTIVES: Mixed cardiogenic-septic shock is common and associated with 
high mortality. There are limited contemporary data on concomitant sepsis in 
acute myocardial infarction complicated by cardiogenic shock (AMI-CS).

DESIGN: Observational study.

SETTING: Twenty percent stratified sample of all community hospitals  
(2000–2014) in the United States.

PARTICIPANTS: Adults (> 18 yr) with AMI-CS with and without concomitant 
sepsis.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Outcomes of interest included 
inhospital mortality, development of noncardiac organ failure, complications, utili-
zation of guideline-directed procedures, length of stay, and hospitalization costs. 
Over 15 years, 444,253 AMI-CS admissions were identified, of which 27,057 
(6%) included sepsis. The sepsis cohort had more comorbidities and had higher 
rates of noncardiac multiple organ failure (92% vs 69%) (all p < 0.001). In 2014, 
compared with 2000, the prevalence of sepsis increased from 0.5% versus 11.5% 
with an adjusted odds ratio (aOR) 11.71 (95% CI, 9.7–14.0) in ST-segment el-
evation myocardial infarction and 24.6 (CI, 16.4–36.7) (all p < 0.001) in non-ST 
segment elevation myocardial infarction. The sepsis cohort received fewer cardiac 
interventions (coronary angiography [65% vs 68%], percutaneous coronary in-
tervention [43% vs 48%]) and had greater use of mechanical circulatory support 
(48% vs 45%) and noncardiac support (invasive mechanical ventilation [65% vs 
41%] and acute hemodialysis [12% vs 3%]) (p < 0.001). The sepsis cohort had 
higher inhospital mortality (44.3% vs 38.1%; aOR, 1.21; 95% CI, 1.18–1.25;  
p < 0.001), longer length of stay (14.0 d [7–24 d] vs 7.0 d [3–12 d]), greater 
hospitalization costs (×1,000 U.S. dollars) ($176.0 [$85–$331] vs $77.0 [$36–
$147]), fewer discharges to home (22% vs 44%) and more discharges to skilled 
nursing facilities (51% vs 28%) (all p < 0.001).

CONCLUSIONS: In AMI-CS, concomitant sepsis is associated with higher mor-
tality and morbidity highlighting the need for early recognition and integrated man-
agement of mixed shock.

KEY WORDS: acute myocardial infarction; cardiogenic shock; circulatory shock; 
critical care cardiology; sepsis

Cardiogenic shock (CS) is a leading cause of death among patients suf-
fering acute myocardial infarction (AMI) and the prevalence may be 
increasing (1–3). Patients with AMI complicated by CS (AMI-CS) 

have very high short-term mortality (up to 35–50%), with no interventions 
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demonstrated to improve survival during the past 2 
decades (4). AMI-CS patients are at substantial risk of 
major nonfatal complications during hospitalization, 
including infection and organ failure (4). One par-
ticularly important subgroup within the broader CS 
population includes patients with mixed cardiogenic-
vasodilatory shock, who have an elevated risk of ad-
verse outcomes (5).

AMI-CS patients are at risk of development of an 
inflammatory phenotype accompanied by patholog-
ical vasodilation (6). Systemic inflammation appears 
common in patients with AMI-CS, either triggered 
by AMI itself, as a response to organ hypoperfusion, 
due to preceding cardiac arrest, or due to infection (7).  
In a seminal analysis of the SHould we emergently 
revascularize Occluded Coronaries for Cardiogenic 
shocK (SHOCK) trial, approximately 20% of patients 
with AMI-CS developed suspected sepsis (8). CS 
patients with concomitant sepsis are at elevated risk 
of adverse outcomes, which is not unexpected con-
sidering that sepsis by itself is a lethal condition that 
can trigger multiple organ failure (9, 10). However, 
no large studies have examined the epidemiology or 
outcomes associated with sepsis occurring in patients 
with AMI-CS.

Given these knowledge gaps, we sought to assess 
the temporal trends, management, cost, and out-
comes of concomitant sepsis and AMI-CS. We 
hypothesized that an increasing prevalence of sepsis 
in AMI-CS would be paralleled by higher rates of 
critical care therapy utilization, temporary mechan-
ical circulatory support (MCS) use and multiple 
organ failure.

MATERIALS AND METHODS

Study Population, Variables, and Outcomes

The National (Nationwide) Inpatient Sample (NIS) is a 
database and software created through a Federal-State-
industry partnership sponsored by the Agency for 
Healthcare Research and Quality for the Healthcare 
Cost and Utilization Project (HCUP). The HCUP-
NIS is the largest all-payer database of hospital inpa-
tient stays in the United States and contains discharges 
approximating 20% of the stratified sample of the U.S. 
hospitals (11). The database extracts information from 
all the states participating in HCUP, which covers more 
than 97% of the U.S. population. De-identified patient 
information such as demographics, primary payer, 

comorbidities, principal diagnosis, up to 29 secondary 
diagnoses, and procedural diagnoses are available for 
each discharge. Institutional Review Board approval 
was not required due to the de-identified nature of the 
publicly available database. We identified observations 
as “admissions” rather than considering them as in-
dividual patients, restricted study details to inpatient 
variables as HCUP-NIS does not include validated 
outpatient information, and used administrative codes 
previously validated and used for similar studies.

We used the HCUP-NIS data from January 1, 2000, 
to December 31, 2014, to identify adults (> 18 yr) with 
AMI in the primary diagnosis field (International 
Classification of Diseases, 9th Edition, Clinical 
Modification [ICD-9-CM] 410×) (4, 12, 13). The ad-
ministrative codes for AMI have high sensitivity (98%), 
specificity (91%), positive predictive value (95%), and 
negative predictive value (97%). A secondary diag-
nosis of CS was identified using ICD-9-CM 785.51, 
and administrative codes for CS have high positive 
predictive value (> 90%) and specificity (> 95%) but 
lower sensitivity (> 50%) (14, 15). While there are sev-
eral systematic methods to identify sepsis in the liter-
ature, most of these algorithms were created prior to 
integration of sepsis and septic shock ICD codes. To 
add, since CS itself contributes to organ dysfunction, 
using combination of sepsis with organ dysfunction 
would reduce the specificity of our cohort. Therefore, 
we identified the sepsis diagnosis by using the ICD-9 
codes for severe sepsis (Supplementary Table 1, http://
links.lww.com/CCX/A912) and septic shock (ICD-
9-CM 785.52). These codes have been reciprocated in 
numerous prior studies (16–20) and are reported to 
have a sensitivity of ~50% and specificity of 99% (21). 
It is to be noted that identification of sepsis should 
be extrapolated as a sepsis “diagnoses,” as changes 
in the identification could be related to increas-
ing recognition of the disease entity. Comorbidities 
were identified using the Deyo’s modification of the 
Charlson Comorbidity Index (22). Information such 
as age, sex, race, hospital details, comorbidities, car-
diac procedures, and other noncardiac organ support 
use was identified using previously used method-
ologies from our group (Supplementary Table 2,  
http://links.lww.com/CCX/A912) (4, 12, 13, 23–29).  
Noncardiac organ failure was defined using our previ-
ously used definition, and multiple organ failure was 
defined as involvement of greater than or equal to one 
organ system other than cardiovascular failure (4).

http://links.lww.com/CCX/A912
http://links.lww.com/CCX/A912
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The primary outcomes of interest were temporal 
trends in prevalence, characteristics, and inhospital 
mortality of AMI-CS with sepsis. The secondary out-
comes of interests were temporal trends in single organ 
failure, multiple organ failures and the utilization of 
coronary angiography (CA), percutaneous coronary 
intervention (PCI), pulmonary artery catheter (PAC), 
MCS, hospitalization costs, hospital length of stay, and 
discharge disposition in the cohorts with and without 
sepsis in AMI-CS.

Statistical Analysis

Discharge weights provided by HCUP were used for 
statistical analysis, which helped in generating the na-
tional estimates (11). Using the trend weights issued by 
HCUP-NIS, we reweighted the samples from 2000 to 
2011 to adjust for the 2012 HCUP-NIS redesign (30).  
One-way analysis of variance and two-sided t tests 
were used to compare categorical and continuous 
variables, respectively. Temporal trends in the preva-
lence of sepsis and use of CA, PCI, MCS, PAC, acute 
hemodialysis and invasive, and noninvasive mechan-
ical ventilation were plotted after substratifying for the 
presence of sepsis and type of AMI. We evaluated tem-
poral trends in prevalence of single and multiple organ 
failure from 2000 to 2014. Univariable analysis for 
trends and outcomes was performed and represented 
as odds ratio (OR) with 95% CI. Multivariable logistic 
regression was performed to analyze trends over time 
(compared with the year 2000 as the referent), and OR 
with 95% CI were calculated for each year adjusting for 
age, sex, race, income status, comorbidities, primary 
payer, hospital characteristics, acute organ failure, car-
diac arrest, CA, PCI, coronary artery bypass grafting, 
PAC, MCS, invasive and noninvasive mechanical ven-
tilation, and acute hemodialysis. For the multivari-
able modeling, regression analysis with purposeful 
selection of statistically (liberal threshold of p < 0.20 
in univariate analysis) and clinically relevant variables 
was conducted. A sensitivity analysis was performed 
for admissions with sepsis versus septic shock and 
adjusted for age, gender, race, insurance, hospital lo-
cation, zip code, region, type of AMI, sepsis, comor-
bidities, organ failure, acute kidney injury, and use of 
invasive cardiac procedures. Two-tailed p value of less 
than 0.05 was considered statistically significant. All 
statistical analyses were performed using SPSS Version 
28.0 (IBM Corp, Armonk NY).

RESULTS

During the study period between January 1, 2000, and 
December 31, 2014, we identified a total of 444,253 
admissions with AMI-CS, of which 27,057 (6.1%) de-
veloped concomitant sepsis, including 13,066 (2.9%) 
labeled as septic shock. Among admissions with sepsis, 
ST-segment elevation myocardial infarction (STEMI) 
and non-ST segment elevation myocardial infarction 
(NSTEMI) accounted for 55.7% and 44.3%, respec-
tively. Temporal trends revealed a steady increase in the 
prevalence of sepsis, with higher rates in NSTEMI-CS 
compared with STEMI-CS (Fig. 1, A and B).  
Admissions with sepsis were younger and more fre-
quently male and White, with greater comorbidities (p 
< 0.001) (Table 1).

Compared with admissions without sepsis, the 
sepsis cohort had a higher prevalence of cardiac arrest, 
ventricular arrhythmias, atrial flutter, systolic heart 
failure, stroke (specifically ischemic stroke), and non-
cardiac single and multiple organ failure (Table  2). 
The sepsis cohort had higher prevalence of hemor-
rhage requiring blood transfusions (Table  2). While 
the sepsis cohort received higher rates of noncardiac 
interventions and supportive critical care interven-
tions such as PAC, MCS, acute hemodialysis, inva-
sive and noninvasive mechanical ventilation, they also 
received lower rates of CA and PCI when compared 
with the cohort without sepsis (p < 0.001), respectively 
(Table  2). Those with sepsis received more palliative 
care interventions and had more frequent do-not-
resuscitate orders (Table 2).

When stratified based on the type of AMI, use of 
CA, PCI, and MCS increased in STEMI gradually but 
declined in NSTEMI (Fig. 2A–C). A decline in PAC 
use was seen across AMI-CS subgroups over the 15 
years (Fig. 2D). A higher percentage of sepsis admis-
sions had concomitant multiple organ failure with a 
steady increase in trend during this 15-year period 
(Fig. 2E). The baseline and inhospital characteristics of 
those with sepsis versus septic shock are presented in 
Supplementary Table 3 (http://links.lww.com/CCX/
A912).

Inhospital mortality was higher in those with sepsis 
compared with those without (44.3% vs 38.1%; unad-
justed OR, 1.29; 95% CI, 1.26–1.32; adjusted OR, 1.21; 
95% CI, 1.18–1.25; p < 0.001). Temporal trends re-
vealed an increase in inhospital mortality among the 
admissions with sepsis, whereas there was a decline in 

http://links.lww.com/CCX/A912
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mortality for those without sepsis (p < 0.001) (Fig. 1, 
C and D). Admissions with sepsis had a significantly 
longer length of hospital stay, higher hospitalization 
costs, less frequent discharges to home, and higher 
rates of discharge to skilled nursing facilities (p < 0.001) 
(Table  3). In a sensitivity analysis (Supplementary 
Table 4, http://links.lww.com/CCX/A912), admissions 
coded as septic shock had higher inhospital mortality 
in the subgroups of age, gender, race, organ failure, and 
cardiac arrest.

DISCUSSION

In the largest study assessing the epidemiology and 
outcomes of sepsis in AMI-CS, sepsis was present in 
6% of all AMI-CS admissions, with a steadily increas-
ing prevalence over time paralleled by a rising use of 
invasive therapies. The sepsis cohort was sicker, with 
higher burden of comorbidities, inhospital complica-
tions, higher rates of noncardiac organ failure, cardiac 
arrest, and higher rates of organ support therapies; 

Figure 1. Trends in the prevalence of sepsis and inhospital mortality of acute myocardial infarction complicated by cardiogenic shock 
(AMI-CS) admissions. A, Unadjusted temporal trends in the prevalence of AMI-CS admissions with concurrent sepsis stratified by type 
of AMI (p < 0.001 for trend over time). B, Adjusted odds ratio for prevalence of sepsis in ST-segment elevation myocardial infarction 
(STEMI)-CS and non-ST segment elevation myocardial infarction (NSTEMI)-CS admissions (with 2000 as the referent)*; p < 0.001 for 
trend over time. C, Unadjusted inhospital mortality in AMI-CS admissions stratified by the presence of sepsis and type of AMI  
(p < 0.001 for trend over time). D, Adjusted odds ratio for inhospital mortality by year (2000 as the referent) among AMI-CS with 
or without presence of sepsis, further stratified based on type of AMI**; p < 0.001 for trend over time. *Adjusted for age, sex, race, 
comorbidity, primary payer, income status, hospital region, hospital location and teaching status, and hospital bed size. **Adjusted for age, 
sex, race, income status, comorbidity, primary payer, hospital region, hospital location, teaching status, hospital bed size, acute organ 
failure, atrial fibrillation, atrial flutter, cardiac arrest, coronary angiography, percutaneous coronary intervention, coronary artery bypass 
grafting, pulmonary artery catheterization, mechanical circulatory support, invasive and noninvasive mechanical ventilation, and acute 
hemodialysis (p < 0.001 for trend over time).

http://links.lww.com/CCX/A912
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TABLE 1. 
Baseline Characteristics of Acute Myocardial Infarction Complicated by Cardiogenic 
Shock Admissions With and Without Sepsis

Characteristic (n = 444,253) Sepsis (n = 27,057) No Sepsis (n = 417,195) p

Age (yr) 68.24 ± 12.6 69.23 ± 13 < 0.001

Female 35.9 39.4 < 0.001

Race  

 White 60.0 63.3 < 0.001

 Black 8.2 5.6  

 Othersa 31.8 31.1  

Primary payer

 Medicare 61.0 61.5 < 0.001

 Medicaid 9.1 6.1  

 Private 21.9 24.1  

 Othersb 8.0 8.3  

Quartile of median household income for zip code

 0–25th 27.1 23.0 < 0.001

 26–50th 25.3 26.6  

 51st–75th 23.4 25.1  

 75–100th 24.3 25.3  

Charlson Comorbidity Index

 0–3 19.9 24.5 < 0.001

 4–6 55.6 55.5  

 ≥ 7 24.5 20.0  

Cardiac arrest 30.0 28.3 < 0.001

Hypertension 45.1 50.6 < 0.001

Hyperlipidemia 23.1 32.3 < 0.001

Multiple organ failure 91.6 64.6 < 0.001

Heart failure 19.8 12.5 < 0.001

Hospital teaching status and location

 Rural 4.1 7.7 < 0.001

 Urban nonteaching 33.1 41.1  

 Urban teaching 62.8 51.2  

Hospital bed size

 Small 6.6 7.9 < 0.001

 Medium 20.8 22.3  

 Large 72.6 69.9  

Hospital region

 Northeast 21.2 18.4 < 0.001

 Midwest 19.9 23.1  

 South 36.7 38.4  

 West 22.2 20.1  

aHispanic, Asian or Pacific Islander, Native American, others.
bSelf-pay, no charge, others.
Represented as percentage or mean ± sd.
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TABLE 2. 
Inhospital Characteristics of Acute Myocardial Infarction Complicated by Cardiogenic 
Shock Admissions With and Without Sepsis

Characteristic  
(n = 444,253)

Sepsis  
(n = 27,057)

No Sepsis  
(n = 417,195) p

Acute myocardial infarction type
 ST-segment elevation myocardial infarction 55.7 68.9 < 0.001
 Non-ST segment elevation myocardial infarction 44.3 31.1  
Acute noncardiac organ failure
 Overall 91.6 64.6 < 0.001
 Respiratory 65.9 41.9 < 0.001
 Hepatic 20.2 7.1 < 0.001
 Renal 64.9 33.2 < 0.001
 Hematologic 20.4 10.4 < 0.001
 Neurologic 24.3 12.6 < 0.001
Inhospital events
 Cardiac arrest 30.0 28.3 < 0.001
 Ventricular arrhythmias 27.8 26.5 < 0.001
 Atrial fibrillation 24.8 24.3 0.048
 Atrial flutter 6.1 3.5 < 0.001
 Systolic heart failure 19.8 12.5 < 0.001
 Stroke 5.8 2.8 < 0.001
 Ischemic stroke 5.1 2.5 < 0.001
 Intracranial hemorrhage 1.0 0.4 < 0.001
 Acute pulmonary embolism 1.7 0.7 < 0.001
Cardiac procedures
 Coronary angiography 64.7 68.0 < 0.001
 Percutaneous coronary intervention 43.3 47.6 < 0.001
 Coronary artery bypass grafting 19.4 17.2 < 0.001
 Mechanical circulatory support 48.1 44.9 < 0.001
 Pulmonary artery catheterization 12.3 7.8 < 0.001
Noncardiac procedures
 Invasive mechanical ventilation 65.1 40.6 < 0.001
 Noninvasive mechanical ventilation 5.4 2.9 < 0.001
 Acute hemodialysis 11.6 2.9 < 0.001
Complications
 Ventricular septal defect 1.3 1.0 0.001
 Papillary muscle rupture 0.7 0.4 < 0.001
 Hemopericardium 0.2 0.3 0.172
 Cardiac tamponade 0.9 0.5 < 0.001
 Hemorrhage 5.7 3.4 < 0.001
 Vascular injury 1.8 1.7 0.531
 Blood transfusion 22.8 12.7 < 0.001
 High degree heart block 5.2 6.7 < 0.001
Palliative care consultation 7.4 4.3 < 0.001
Do-not-resuscitate status 6.0 4.3 < 0.001

aHispanic, Asian or Pacific Islander, Native American, others.
bSelf-pay, no charge, others.
Represented as percentage or mean ± sd.
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while this suggests a real association between sepsis 
and adverse outcomes in AMI-CS, we could conclu-
sively determine that residual confounding by severity 
of illness did not mediate this association. Although 
all patients had AMI-CS, admissions with sepsis 
consistently received CA and PCI less frequently as 

compared with those without sepsis. The cohort with 
sepsis had higher inhospital mortality, hospitalization 
costs, and longer hospital length of stay than those 
without sepsis, even after adjusting for their greater ill-
ness severity and utilization of critical care therapies. 
The presence of sepsis was associated with differences 

Figure 2. Temporal trends in the use of cardiac procedures, noncardiac organ failure and support device in acute myocardial infarction 
complicated by cardiogenic shock (AMI-CS) admissions. A, Temporal trends of the proportion of AMI-CS admissions receiving 
coronary angiography (A), percutaneous coronary intervention (PCI) (B), mechanical circulatory support (MCS) (C) pulmonary artery 
catheterization (PAC) (D), and single and multiple organ failure (E), stratified by type of AMI (p < 0.001 for trend over time for all). 
NSTEMI = non-ST segment elevation myocardial infarction, STEMI = ST-segment elevation myocardial infarction.

TABLE 3. 
Clinical Outcomes of Acute Myocardial Infarction Complicated by Cardiogenic Shock 
Admissions With and Without Sepsis

Characteristic (n = 444,253) Sepsis (n = 27,057) No Sepsis (n = 417,195) p

Inhospital mortality 44.3 38.1 < 0.001

Length of stay (d) 14.0 (7–24) 7.0 (3–12) < 0.001

Hospitalization costs (×1,000 U.S. dollars) 176.0 (85–331) 77.0 (36–147) < 0.001

Discharge disposition

 Home 21.5 43.6 < 0.001

 Transfer 10.8 11.5

 Skilled nursing facility 51.0 27.9

 Home with home health care 16.3 16.6

 Against medical advice 0.4 0.4

Represented as percentage or median (interquartile range).
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in AMI-CS management, as evidenced by lower uti-
lization of guideline-directed cardiac procedures and 
more palliative interventions, which in turn may have 
contributed to higher mortality. Inhospital mortality 
rose during the study period for AMI-CS patients with 
sepsis despite declining mortality among AMI-CS 
patients without sepsis, highlighting a critical need 
to identify improved care strategies for this high-risk 
subgroup.

Sepsis is among the leading causes of hospitalization, 
organ failure, and death worldwide (10). Therefore, 
it is not surprising that patients with concomitant 
AMI-CS and sepsis were at elevated risk for a broad 
array of adverse outcomes. This phenomenon was first 
demonstrated in a secondary analysis of the SHOCK 
trial, which found that 18% of patients with AMI-CS 
subsequently developed suspected sepsis (three-quar-
ters had positive blood cultures) and these patients had 
a two-fold higher adjusted hazard of death (8). A re-
cent single-center study from the Mayo Clinic likewise 
found that patients with concomitant CS and sepsis 
(who accounted for 19% of all patients with CS) had 
higher illness severity and a greater risk of short-term 
mortality (9). In the multicenter Cardiac Critical Care 
Trials Network cardiac ICU (CICU) registry, patients 
with mixed vasodilatory-CS accounted for 20% of 
shock patients, and they were sicker and at higher 
risk of dying during hospitalization (5). An analysis 
of Mayo Clinic CICU patients found that the preva-
lence of sepsis increased in parallel with the severity 
of shock, from 6% in patients with mild shock to 37% 
in patients with severe shock; this implicates concomi-
tant sepsis as a potential driver of more severe CS (31).  
A subsequent analysis using this same CICU cohort 
demonstrated that most patients met systemic inflam-
matory response syndrome (SIRS) criteria on admis-
sion, with an increasing prevalence as the severity of 
shock increased; these patients were more likely to die 
across the spectrum of shock severity (32). By con-
trast, only 2.4% of patients with AMI (but without 
CS) enrolled in the Pexelizumab in Conjunction With 
Angioplasty trial developed a serious infection dur-
ing hospitalization; these patients had nearly five-fold 
higher rates of 90-day adverse events (33). It is no-
table that the prevalence of sepsis identified in this 
nationally representative cohort is substantially lower 
(6% vs 18%) than that observed in more selected CS 
cohorts; whether this reflects differences in population 

composition or variability in disease recognition or 
documentation is uncertain (5, 8, 9). Changes in rec-
ognition or documentation of sepsis over time may, in 
part, explain the multi-fold increase of sepsis preva-
lence in AMI-CS in addition to the aforementioned 
reasons.

Critically ill patients with AMI-CS who require in-
vasive cardiopulmonary support will be at elevated risk 
of developing healthcare-associated infections (HAIs), 
mandating diligent infection prevention practices 
(34). Indeed, the longer length of stay and greater use 
of critical care interventions in the sepsis group could 
have predisposed this group to development of nos-
ocomial sepsis, as opposed to development of sepsis 
contributing to greater care needs directly. The preva-
lence of HAIs in patients hospitalized with acute car-
diovascular disease is not insignificant and was highest 
among patients with CS (35). Patients who developed 
HAI had higher inhospital mortality, longer length of 
stay, and higher hospital costs, as we observed among 
AMI-CS patients with concomitant sepsis.

The role of systemic inflammation in the devel-
opment of progressive CS and multiple organ failure 
after AMI has been recognized for many years, and 
it is likely that the same pathophysiological processes 
linking inflammation from sepsis to multiple organ 
and circulatory failure overlap. Myocyte necrosis from 
AMI triggers a multitude of immune-mediated in-
flammatory processes, frequently leading to sterile 
systemic inflammation that may mimic sepsis; indeed, 
up to one-quarter of patients with STEMI meet SIRS 
criteria on admission (36). The systemic ischemia-
reperfusion injury occurring after resuscitation from 
cardiac arrest often produces a profound inflammatory 
response, in addition to the increased risk of infection 
these patients face (37). Regardless of the cause, sys-
temic inflammation can produce pathologic vasodi-
lation aggravating hemodynamic compromise as well 
as promoting direct tissue and organ injury. Levels of 
inflammatory mediators such as C-reactive protein 
and interleukin-6 have been identified as important 
prognostic biomarkers in patients with AMI-CS and 
out-of-hospital cardiac arrest and correlate with the se-
verity of shock in the latter group (38–40).

Patients with sepsis in the SHOCK trial had lower 
systemic vascular resistance, and patients with mixed 
shock in the Mayo Clinic and Cardiac Critical Care 
Trials Network cohorts had greater vasopressor 
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requirements (8). Considering that temporary MCS 
devices augment arterial pressure by increasing cardiac 
output, it is expected that the presence of vasoplegia 
from sepsis and systemic inflammation could decrease 
the hemodynamic efficacy of these devices (6, 41).  
This represents a major challenge impeding the sta-
bilization of shock in these patients with high shock 
severity, who may represent a clinically relevant CS 
subphenotype in whom a different treatment strategy 
may be necessary. Although we observed decreasing 
use of the PAC over time in our cohort, recent studies 
have highlighted the potential benefit of invasive he-
modynamic monitoring with a PAC in patients with 
CS (42, 43).

Despite the HCUP-NIS database’s efforts to mini-
mize errors in analysis by utilizing internal and external 
quality control measures, the HCUP-NIS database has 
fundamental restrictions that may limit research de-
signing, data interpretations, and data analysis that we 
took into account (30). There are several established 
approaches to identifying sepsis using administrative 
codes, each of which has important limitations; we 
used explicit ICD-CM coding for sepsis rather than 
implicit sepsis ICD-9-CM coding (i.e., the combi-
nation of infection and organ dysfunction diagnosis 
codes) because CS itself can cause organ dysfunction, 
which would reduce the specificity of implicit coding 
for sepsis (10). Because all ICD-9-CM codes used in 
this analysis are hospitalization discharge diagnoses, 
we cannot definitively established whether AMI-CS or 
sepsis occurred first; however, included patients had a 
primary discharge diagnosis of AMI, making it likely 
that this was the initial indication for admission. Given 
the administrative nature of this database, we can-
not accurately distinguish type 1 from type 2 AMIs. 
However, this study included admissions with a pri-
mary diagnosis of AMI (i.e., the reason most likely for 
the admission) and, therefore, is less likely to include 
type 2 AMIs, which often have an alternate primary 
diagnosis.

Information about shock severity, the source of 
sepsis, laboratory results, radiographic evidence, and 
additional details about the medical management 
could not be reliably identified from the NIS-HCUP 
database. This precludes use from definitively conclud-
ing that all patients labeled as sepsis had a true infec-
tion, as opposed to a sterile systemic inflammatory 
response. Similarly, septic shock may occur as a part 

of mixed shock in clinical practice, but the ICD codes 
for mixed shocks are not validated. Additionally, there 
is a possibility of residual confounding despite careful 
attempts to adjust for confounders through multivari-
able analysis.

Although we studied the data worth 15 years dura-
tion, we included admissions until 2014. Since there 
have been substantial changes in definition and treat-
ment of sepsis by introduction of Third International 
Consensus Definitions for Sepsis and Septic Shock 
and Surviving Sepsis Campaign guidelines, we believe 
future analysis of recent data will be helpful in deter-
mining trends (44, 45). Several studies published after 
2015 have highlighted the limitations of using discharge 
ICD-9 codes for case identification. The increase in cod-
ing of sepsis diagnoses seems to be independent of the 
increase in prevalence of sepsis diagnosis recognized 
by clinical criteria (46–49). Therefore, we cannot de-
termine whether the observed trends toward more fre-
quent sepsis diagnoses over time were due to changes 
in disease prevalence, recognition or coding. As such, 
our results regarding temporal trends should be inter-
preted with caution. Our study period includes some 
admissions prior to the consensus definition of sepsis 
and original Surviving Sepsis Campaign guidelines were 
published, and the publication of these important docu-
ments could have increased awareness of sepsis and 
influenced the observed trends in sepsis diagnoses.

Last, our results are only representative of inhospi-
tal outcomes and cannot be correlated with long-term 
consequences given the nature of the database; this is 
salient insofar as survivors of sepsis hospitalization are 
known to be at elevated risk of subsequent death and 
adverse cardiovascular events (50).

CONCLUSIONS

In conclusion, in this 15-year national study, we found 
a steady rise in the prevalence and associated con-
sequent inhospital mortality in sepsis complicating 
AMI-CS. Admissions that developed sepsis in AMI-CS 
had worse comorbidity, higher rates of multiple organ 
failure and cardiac arrest and a greater risk of death 
even when accounting for these factors. The increased 
utilization of invasive support modalities paralleled 
the growing prevalence of sepsis, raising important 
questions regarding whether a rising prevalence of 
sepsis necessitated greater use of these therapies versus 
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whether the increased use of invasive support devices 
put patients at a higher risk of sepsis. Further clin-
ical research is warranted to understand the causes 
and pathophysiology of sepsis in AMI-CS to identify 
improved prevention and treatment strategies.
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