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Abstract

Objectives: To assess trends in timing of mortality among patients with septic shock.

Design: Retrospective cohort study.

Setting: Agency for Healthcare Research and Quality’s Healthcare Cost and Utilization Project’s 

National Inpatient Sample, 1994–2014.

Patients: Hospitalized adults (≥ 18 yr) with International Classification of Diseases, 9th 

Edition, Clinical Modification codes consistent with septic shock; secondary analysis: adults with 

International Classification of Diseases, 9th Edition, Clinical Modification codes consistent with 

acute respiratory failure receiving invasive mechanical ventilation and patients with both septic 

shock and acute respiratory failure receiving invasive mechanical ventilation.

Interventions: None.

Measurements and Main Results: From 1994 to 2014, 48-hour mortality rates decreased 

among patients with septic shock (21.2% to 10.8%) and septic shock with acute respiratory failure 

receiving invasive mechanical ventilation (19.1% to 13.4%) but increased among patients with 

acute respiratory failure receiving invasive mechanical ventilation (7.9% to 9.8%; p value for all 

trends, < 0.001). Three-to-14-day mortality decreased among patients with septic shock (22.1% 

to 15.5%), septic shock with acute respiratory failure receiving invasive mechanical ventilation 

(28.7% to 22.4%) and acute respiratory failure receiving invasive mechanical ventilation (16.8% 

to 15.0%; p value for all trends, < 0.001). Mortality after 14 days decreased among all 
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groups (septic shock: 12.6% to 6.7%; septic shock with acute respiratory failure receiving 

invasive mechanical ventilation: 20.3% to 11.3%; and acute respiratory failure receiving invasive 

mechanical ventilation: 12.7% to 5.8%; p value for all trends, < 0.001). Cox proportional hazard 

ratio for declining risk in mortality per year (adjusted for patient and hospital characteristics) was 

0.96 (95% CI, 0.96–0.96) for septic shock, 0.97 (0.97–0.97) for acute respiratory failure receiving 

invasive mechanical ventilation and septic shock, and 0.99 (0.99–0.99) for acute respiratory failure 

receiving invasive mechanical ventilation.

Conclusions: Septic shock 48-hour, 3–14-day and greater than 14-day mortality declined 

markedly over two decades; in contrast, patients with acute respiratory failure only experienced 

marked decreases in greater than 14-day in-hospital mortality rates.
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Analyses of trends in septic shock outcomes have focused on reductions in 28–30-day or 

in-hospital mortality, largely attributed to improvements in time-sensitive sepsis recognition 

and treatment (1, 2). However, emerging evidence suggests that risk factors associated with 

“early” versus “late” death during septic shock differ, with early deaths primarily attributable 

to multiple organ failure due to infection, and late deaths more strongly associated with 

comorbidity, ICU-acquired complications, or end-of-life decisions (3, 4). Evaluating trends 

in the “timing” of sepsis mortality may inform how improvement efforts affected different 

stages of critical illness due septic shock, and direct future efforts. Because premorbid 

conditions, ICU-acquired complications, and end-of-life decisions are generally not targets 

of septic shock resuscitation improvement initiatives, we hypothesized that the largest 

reductions in septic shock mortality over time would be seen in early deaths, as compared 

with changes in critical illness mortality independent of sepsis initiatives, where we expected 

reductions in mortality at later time points.

MATERIALS AND METHODS

We used the Agency for Healthcare Research and Quality’s Healthcare Cost and Utilization 

Project’s National Inpatient Sample, 1994–2014, a longitudinal, random, 20% stratified 

sample of all nonfederal U.S. acute care hospitalizations (5, 6). Using survey-weighted 

methods, we identified hospitalized adults (≥ 18 yr) with primary or secondary International 
Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM) diagnosis codes 

consistent with septic shock (i.e., the presence of both severe sepsis and shock) (7, 

8) (supplement, Supplemental Digital Content 1, http://links.lww.com/CCM/E858) and 

evaluated trends in annual population-standardized incidence and 48-hour mortality, 3–14-

day mortality, and greater than 14-day mortality (from day of admission). Among patients 

with septic shock, the association between year of admission and time to death within 30 

days was also analyzed using Cox proportional hazards regression, adjusting for factors 

with potential to confound associations of interest, including patient characteristics (age, 

sex, race, primary insurance payer, median zip code income, Elixhauser comorbidities [9], 

type of critical illness [8], and type of acute organ failure [7]) and hospital characteristics 

(bed size, location/teaching status, U.S. region). To understand how trends in mortality 
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during critical illness changed over time separate from changes to sepsis care, we conducted 

secondary analyses in patients with acute respiratory failure receiving invasive mechanical 

ventilation (ARF/MV) without septic shock, as well as in patients with both ARF/MV 

and septic shock. To better characterize patients who might have had septic shock and 

ARF/MV at admission, we conducted sensitivity analyses in cohorts with sepsis or ARF 

codes as primary diagnoses only. Statistical testing was two-tailed, performed with α equals 

to 0.05 with SAS 9.4 (SAS Institute. Cary, NC). The Beth Israel Deaconess Medical Center 

Institutional Review Board deemed the study exempt from review.

RESULTS

From 1994 to 2014, population-standardized incidence increased for septic shock (11.6 to 

142.8 per 100,000), ARF/MV (102.6 to 232.0 per 100,000), and septic shock with ARF/MV 

(3.2 to 59.0 per 100,000; p value for all trends, < 0.001). Forty-eight–hour mortality rates 

decreased among patients with septic shock (21.2% to 10.8%) (Fig. 1) and septic shock with 

ARF/MV (19.1% to 13.4%) but increased among patients with ARF/MV (7.9% to 9.8%; 

p value for all trends, < 0.001). Three-to-14–day mortality decreased among patients with 

septic shock (22.1% to 15.5%), septic shock with ARF/MV (28.7% to 22.4%) and ARF/MV 

(16.8% to 15.0%; p value for all trends, < 0.001). Mortality after 14 days decreased among 

all groups (septic shock: 12.6% to 6.7%; septic shock with ARF/MV: 20.3% to 11.3%; and 

ARF/MV: 12.7% to 5.8%; p value for all trends, < 0.001). Cox proportional hazard ratio 

for declining risk in mortality per year (adjusted for patient and hospital characteristics) 

was 0.96 (95% CI, 0.96–0.96) for septic shock, 0.97 (0.97–0.97) for ARF/MV and septic 

shock, and 0.99 (0.99–0.99) for ARF/MV. Sensitivity analyses restricted to sepsis or ARF 

as primary diagnoses showed similar results as primary analyses, with decreasing 48-hour 

septic shock mortality (27.2% to 12.9%) and increasing 48-hour ARF/MV mortality (4.9% 

to 6.0%); 3–14-day and greater than 14-day mortality decreased in both groups.

DISCUSSION

Over two decades of observation, septic shock case-fatality declined markedly across 

48-hour, 3–14-day and greater than 14-day mortality, whereas patients with ARF only 

experienced marked decreases in greater than 14-day in-hospital mortality rates.

Although other analyses have reported on trends in 28–30-day or in-hospital mortality 

(1, 2), few other studies have investigated epidemiological trends in the timing of 

death during critical illness in the United States. Our study extends the findings of 

Kaukonen et al (2), who found uniform decreases in mortality in a cohort with severe 

sepsis in Australia and New Zealand across all hospital lengths of stay. Because prior 

studies suggested that early deaths after septic shock were attributable to multiple organ 

failure related to infection, it is plausible that improvements in 48-hour and 3–14-day 

mortality were consequences of pre-hospital or intra-hospital sepsis-specific initiatives 

implemented in the past two decades, many of which focused on earlier recognition 

of sepsis or initiation of therapy (4, 10). However, mortality later in the hospital stay 

following septic shock is less likely modified by sepsis-specific initiatives, and reasons 

for improved greater than 14-day mortality may be more complex. We hypothesize that 
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reductions in later in-hospital mortality in both the septic shock and ARF/MV groups may 

be due to general ICU quality improvement initiatives (e.g., Awakening and Breathing 

Coordination, Delirium Monitoring and Management, and Early Mobility bundles [11], 

ventilator-associated pneumonia-prevention bundles [12]), which may only begin to show 

effects after weeks, rather than days; this may help explain why only greater than 14-day 

mortality improved markedly in the ARF/MV group. Additionally, earlier hospital transfer 

to long-term acute care hospitals and/or increased discharge to hospice over time (13, 14) 

may shift deaths out of hospital without meaningfully changing overall mortality. Our results 

should be considered hypothesis-generating and warrant confirmatory studies to explore 

the mechanisms by which sepsis-specific and/or general ICU quality initiatives impacted 

mortality timing, or whether certain subgroups of patients with septic shock have been 

differentially affected over time.

Our study has limitations. First, we relied on the use of ICD-9-CM coding to identify 

patients with septic shock and patients with ARF/MV. However, the codes we used to 

identify severe sepsis and MV have been validated previously and shown to have strong 

positive predictive values (7, 15). Although prior studies have noted that coding sensitivity 

for sepsis as a principal diagnosis increased with time (14), use of secondary and primary 

diagnosis (as in our primary analysis) with MV procedure codes (as in our septic shock 

with ARF/MV group) has been shown to mitigate effects of changes in coding sensitivity 

on mortality trends (7, 16). Additionally, analyses of granular medical records have also 

shown that although coding for sepsis increased over time, there was no difference in 

clinical characteristics of patients receiving sepsis codes (illness severity, as evidenced by 

vasopressor use and lactate levels, as well as confirmatory evidence of sepsis, were stable 

over time) (17). Thus, the observed rise in background incidence is presumed to be due 

to increased—but accurate—coding and decreasing thresholds of illness severity used for 

septic shock ICD-9-CM codes are unlikely to explain our findings. However, as trends in 

illness severity for ARF/MV remains poorly characterized (18), it is possible that the lack 

of improvement in the ARF/MV cohort is due to increasing illness severity. Second, we 

could not identify time of onset of septic shock or ARF/MV precisely. However, a sensitivity 

analysis including patients with sepsis or ARF codes as primary diagnoses likely to be 

present at admission showed similar results. Finally, we did not perform analyses adjusting 

for changes in source of sepsis over time, which could account for changes in mortality 

timing; this possibility could be pursued in further studies.

In conclusion, although sepsis initiatives have placed particular emphasis on the early and 

aggressive management of an initial infection, sepsis mortality rates have improved across 

both early and later follow-up times. Similar improvements in early mortality were not 

observed for critically ill patients with ARF/MV. Further work is needed to determine the 

roles that changes in coding and discharge patterns, sepsis-specific initiatives, and/or general 

quality improvement initiatives may have played in observed mortality reductions.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Rates in 48-hr mortality, 3–14-d mortality, and greater than 14-d mortality have all declined 

over time in patients with septic shock (A), and to a lesser degree, in patients with 

both septic shock and acute respiratory failure receiving invasive mechanical ventilation 

(ARF/MV) (B). By contrast, only 3–14-d mortality, and greater than 14-d mortality have 

decreased in patients with ARF/MV, while 48-hr mortality has increased (C). Forty-eight–hr 

mortality rates in 1994 and 2014 are shown for each cohort.
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