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Abstract

Background—Severe sepsis is associated with persistent high-levels of morbidity among older
survivors. But the impact of severe sepsis on population health—particularly population levels of
disability—is unknown.

Objectives—Ascertain the absolute number of patients surviving at least 3 years after severe
sepsisin Medicare, and estimate their burden of cognitive dysfunction and disability.
Design—Retrospective cohort analysis of Medicare data.

Setting—All short-stay inpatient hospitals in the United States, 1996—2008.
Participants—Patients aged 65 and older.

Measurements—Severe sepsis was detected using a standard administrative definition. Case-
fatality, prevalence and incidence rates were cal cul ated.

Results—There were 637,867 Medicare patients alive at the end of 2008 who survived severe
sepsis 3 or more years earlier. An estimated 476,862 (95% Cl: 455,026, 498,698) had functional
disability, with 106,311 (95% CI: 79,692, 133,930) survivors having moderate-to-severe cognitive
impairment. The annual number of new 3-year survivors following severe sepsis rose 119%
during 1998-2008. The increase in survivorship resulted from more new diagnoses of severe
sepsis rather than a change in case fatality rates; severe sepsis rates rose from 13.0 per 1,000
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Medicare beneficiary-years to 25.8 (p<0.001), whereas 3-year case fatality rates changed much
less, from 73.5%to 71.3% (p<0.001) for the same cohort. Increasing rates of organ dysfunction
among hospitalized patients drove the increase in severe sepsis incidence, with an additional small
contribution from population aging.

Conclusions—Sepsis survivorship, which carries with it substantial long-term morbidity, isa
common and rapidly growing public health problem for older Americans. There has been little
change in long-term case fatality, despite changes in practice. Clinicians should anticipate more
frequent sequelae of severe sepsisin their patient populations.
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INTRODUCTION

METHODS

The syndrome of severe sepsis occurs when an acute infection leads to organ dysfunction.?
This syndrome encompasses many common causes of hospitalization, such pneumonia with
hypoxemiaor urinary tract infection complicated by acute rena failure. Severe sepsisis also
acommon cause of critical illness, as when the organ dysfunctions include acute respiratory
failure or shock. Severe sepsis has been recognized to have a high acute risk of death.2 More
recent data demonstrate that survivors of severe sepsis—amajority of those with the
diagnosis—have poor quality of life,34 frequently develop cognitive and functional
disability,® and require substantial ongoing acute and long-term care.5.” These levels of
disability impose a substantial burden on caregivers.8 Severe sepsis has been termed “a
quintessential disease of aged.”®

While we better understand the impact of severe sepsis on individual patients, we know little
about the impact of severe sepsis on population health—particularly the impact on
population levels of disability. This stands in marked contrast to conditions such as cancer
and stroke, where the burdens of survivorship are considered core components of patient
management and public health impact.19 Physicians caring for patients who have survived
cancer are aware of the special physical and emotional sequelae for which they must
maintain an elevated index of suspicion.11:12 No such information exists about whether the
population burdens of severe sepsis survivorship warrant consideration in discussions of
population health, disability and caregiving needs.

Therefore, we sought to measure the incidence and prevalence of long-term survivorship
after severe sepsisin Medicare. Our primary objectives were to measure the absol ute size of
the population of Medicare patients who survive at |east 3-years after severe sepsisand to
estimate, based on prior work,” their likely numbers with cognitive dysfunction and
disability. We also examined temporal trendsin survivorship, and tested several targeted
hypotheses for potential changesin sepsis survivorship over time. Specifically, we
hypothesized that changes in sepsis survivorship might have resulted from: the aging of the
population; changing age-specific rates of hospitalization with infection; changing rates of
acute organ dysfunction among those with infections; or changesin the case fatality rate
among those with severe sepsis.

Definition of Survivorship

Conceptually, a patient isa*“ survivor” when the acute burdens of an illness have passed, but
the sequel ae of that illness and its treatment may now become important to their health and
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functioning.13 Operationalizing thisis typically done by defining a time-point—necessarily
somewhat arbitrary—and examining those who are dive at least that long after diagnosis.10
Our primary outcome was survival to 3 years from date of admission, which we term 3-year
survivorship; this was based on our clinical experience, data on the period of most elevated

risk of mortality after severe sepsis, and for comparability with other reports.14.15

In this retrospective cohort study, we analyzed all fee-for-service Medicare beneficiaries
aged 65 and above in the 19962008 Medicare Provider Analysis and Review (MedPAR)
files, and the linked Medicare Denominator Files. Medicare provides insurance for over
96% of older Americans.16 Fewer than 15% of Medicare beneficiaries were in Medicare
managed care programs that did not file claims; such patients were excluded from these
analyses.

We relied on a previously validated and widely used claims-based definition of severe
sepsis.26:7.17-21 Only inpatient hospitalizations in short-stay hospital's (as opposed to long-
term acute care or skilled nursing facilities) were eligible. This definition requires evidence
of both an infection and new-onset organ dysfunction during a single hospitalization, in
accordance with the internationally accepted consensus definition of severe sepsist22 and in
validation studies identifies a similar population of patients to those identified through chart
review.23 This definition has prognostic validity, identifying patients with substantial short-
term? and long-term mortality,> high health care-related spending,®” and increased risks of
long-term cognitive and physical disability.® This definition is distinct from other
epidemiologic approaches to the study of sepsis (rather than severe sepsis) that use primarily
codes for explicit septicemia, bacteremia and disseminated fungal infections, rather than for
al infections.2* We used the components of the severe sepsis definition to define
hospitalizations with infection as well as organ dysfunctions. A code for “severe sepsis’ or
“septic shock” was considered evidence of at least one organ dysfunction, as per the
consensus definition.

As a secondary outcome, spending was defined as the amount Medicare reimbursed the
hospital for the inpatient stay. To provide a point of comparison for the sepsis findings, we
also examined the incidence and costs for acute myocardial infarction as a common cause of
critical illness of established importance to population health. We defined hospitalizations
with AMI asthose with a primary International Classification of Diseases, 9th Revision—
Clinical Modification (ICD-9-CM) diagnostic code of 410.xx (excluding 410.x2).2>26 We
excluded cases with alength of stay of 1 day—unlessthat patient died, left against medical
advice, or was transferred to another hospital—since such a short length of stay likely
represented “rule-out” admissions and not true AM|.27

Disability and Cognitive Impairment Definitions

We estimated the burdens of moderate-to-severe cognitive impairment and functional
disability using previously published datafor patients surviving 3-years after severe sepsis,
estimated using the same definition of severe sepsis and drawn from a similar population of
Medicare beneficiaries.? In that study, patients or their proxies were asked if, as aresult of a
health problem, they required assistance with any of 6 Activities of Daily Living (ADLSs:
walking, dressing, bathing, eating, getting into and out of bed, and toileting) or 5
Instrumental Activities of Daily Living (IADLSs: preparing a hot meal, shopping for
groceries, making telephone calls, taking medicines, and managing money). Disability was
defined as alimitationin any ADL or IADL that was due to a health problem.
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Cognitive impairment was defined as poor performance on the modified Telephone
Interview for Cognitive Status(m-TICS) or cognitive problems as reported by a proxy
informant, similar to alevel of impairment associated with dementia. The m-TICS was 35-
point scale that included tests of memory, serial seven subtractions, naming, and orientation,
with 0 to 7 on this scale defining moderate-to-severe cognitive impairment.28:2° For patients
who were unable to be interviewed themselves, the validated Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE)30 was administered to proxies, and a score of
4.59 to 5.00 defined moderate-to-serve cognitive impairment.

Using these definitionsin the population of patients alive 3 years after severe sepsisin the
Health and Retirement Study,® it was shown that the prevalence of moderate-to-severe
cognitive impairment was 16.7% (95% Cl: 12.3%, 21.0%), and 74.8% (95% ClI: 71.3%,
78.2%) of survivors had at least one limitation in an activity of daily living or instrumental
activity of daily living. This disability includes both that which existed before severe sepsis
and those associated with severe sepsis.

We calculated our primary outcomes, the incidence and prevalence of severe sepsis
survivorship among patientsin fee-for-service Medicare.

In order to examine the temporal trendsin the primary outcome, we use standard
demographic methods to measure the relative contributions when many contributing rates
are each changing. The number of survivors of severe sepsisis the product of the number of
incident cases of severe sepsis multiplied by one minus the case fatality rate. The number of
incident cases of severe sepsisis the product of the number hospitalizations with infection
multiplied by the organ failure rate per hospitalization with infection. The number of
hospitalizations with infection is the product of the number of people at risk in each age
group, multiplied by the age-group-specific infection rate. A worked example of this
approach is provided in Appendix 1.

We calculated al rates on a monthly basis. For numerators and denominators, we classified
individuals by their age on the first of each month. All monthsin which individuals werein
fee-for-service Medicare were analyzed.

To test the sensitivity of our conclusions to changesin specific coding practices for the
organ dysfunctions used in our definition, we replicated al of our analyses, sequentially
excluding each organ system. Detailed results are in Appendix 2.

For statistical comparisons, we tested for annual differencesin incidence rate ratios using
Stata 10.1. A pvalue of <0.05 was considered statistically significant. Given the large
numbers of cases, statistical significance should not be equated with clinical significance.
Thiswork was approved by the University of Michigan Institutional Review Board.

In 1996, 34,782,442 Medicare beneficiaries aged 65 and above were examined for atotal of
357,662,059 beneficiary-months. Their median age was 73 (IQR: 68 to 79); 59% were
female. In 2008, 39,337,348 Medicare beneficiaries were examined for atotal of
350,267,105 beneficiary-months in 2008. Their median age was 73 (IQR: 68 to 80); 57%
were female.
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Absolute Number of Survivors and Estimated Population-Level Burden of Disability

By our definition, the /ncidenceof 3-year survivorship in agiven year is the number of
patients who were still alive exactly 3 years after severe sepsisin Medicare. Using this
definition there were 225,251 new 3-year survivors in Medicare in 2008 (who were
hospitalized for severe sepsisin 2005), up from 102,767 new 3-year survivorsin 1999 (who
were hospitalized in 1996), an increase of 119% in a decade. (Figure 1) Repeating the
analysis for 5-year survival, the numbers of new survivors rose from 67,799 in 2001 (who
were hospitalized in 1996) to 121,029 in 2008, an increase of 79%.

By our definition, the prevalericeof 3-year severe sepsis survivorship in agiven year in
Medicare is the number of patients who were hospitalized for severe sepsis af /east 3 years
earlier and were still alive. Using this definition, there were 637,867 patients who had
survived severe sepsis by at least 3 years, as of the end of 2008. (There were 344,111 who
had survived by at least 5 years). This 3-year survivorship number implies that there were at
least 106,311 (95% Cl: 79,692, 133,930) survivors with moderate-to-severe cognitive
impairment at the end of 2008 in Medicare. In that same population were 476,862 (95% ClI:
455,026, 498,698) survivors with functional disability, requiring assistance with at least 1
activity of daily living (ADL) or instrumental activity of daily living (IADL).

Changes in Number of Cases of Severe Sepsis

There was a significant increase in the number of hospitalizations for severe sepsisin
Medicare. (Figure 2) Whereas, in 1996, 387,330 patients were hospitalized with severe
sepsis, by 2008, 1,015,432 patients were hospitalized. The rates of severe sepsis
hospitalizations increased from 13.0 per 1,000 Medicare beneficiary-yearsin 1996 to 34.8 in
2008 (p<0.001). Theserising rates of hospitalization were accompanied by increase in direct
Medicare spending on severe sepsis hospitalizations from $6.03 billion to $15.73 billion. To
contextualize these numbers for severe sepsis, we contrasted them with those seen for acute
myocardial infarction (AMI, Figure 2). In 1996 there were 325,108 hospitalizations for
AMI, anincidence of 10.91 per 1,000 Medicare beneficiary-years, at a cost of $3.22 billion.
In 2008, there were 227,298 cases of acute myocardial infarction in Medicare in 2008, an
incidence of 7.79 per 1,000 Medicare beneficiary-years, at a cost to Medicare of $3.16
billion for the acute hospitalizations.

The rising numbers of hospitalization with severe sepsis resulted primarily from arisein the
rate of organ dysfunction per hospitalization with infection. The absolute number of
hospitalizations with infection increased from 108 per 1,000 Medicare beneficiary-years to
121 per 1,000 Medicare beneficiary-years (p<0.001). Rates of organ dysfunction among
patients hospitalized with infection rose more rapidly, from 12.1% in 1996 to 28.8% in 2008
(p<0.001). Rates of severe organ dysfunction, defined as the presence of three or more organ
dysfunctions, rose from 0.33% of hospitalizations with infection in 1996 to 1.64% in 2008,
or from 2.7% of hospitalizations with severe sepsis to 5.7% of such hospitalizations (both p<
0.001).

Changes in Case Fatality Rate

The potential contribution of changesin case fatality rate to the rising severe sepsis
survivorship is shown in Figure 3. There were small improvementsin long-term case fatality
rate after severe sepsis during this period. Three-year case fatality for patients who
developed severe sepsis between 1996 and 2005 fell from 73.5% to 71.3% (p<0.001). These
relatively flat long-term case fatality rates contrast with short-term figures. The inpatient
case fatality dropped from 28.5% in 1996 to 15.8% in 2008, with more modest declines seen
in patient-centered short-term outcomes such as 30-day case fatality (32.2% to 24.9%) and
90-day case fatality (43.9% to 36.3%) (all p< 0.001).
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Relative Importance of Alternative Mechanisms

The majority of the increase in the number of survivors was driven by the increase in severe
sepsisincidence — particularly driven by the increased incidence of organ dysfunctions
among patients who were hospitalized with infections (Figure 4). Thus 3-year survivorship
grew 78.2% due to the rising rate of organ dysfunctions among patients hospitalized with
infection, whereas the changes in the age distribution, age-specific infection rate, and 3-year
case fatality rate each contributed less than 10% to the growth in severe sepsis survivors.

Sensitivity Analyses

We conducted several sensitivity analyses for our results—particularly to changesin coding
practice—presented in Appendix 2, and found consistent results.

DISCUSSION

Sepsis survivorship is a common and growing feature of the health care of older Americans.
This manuscript establishes for the first time the pervasiveness of a problem already proven
to be important to individual patients and their families: sepsis survivors are known to be at
substantial risk for poor quality of life, functional disability and cognitive
impairment.3425.31 Hundreds of thousands of patients with severe sepsis are surviving years
after their illness and face these challenges. These Medicare data show consistently rising
rates of incident severe sepsis, consistent with past work in the U.S. and more recent work in
Europe.2432 This study also demonstrates, for the first time, that the rise in survivorship is
particularly being driven by arising incidence of severe sepsis, rather than improvementsin
the case fatality rate after severe sepsis.

These findings constitute a set of challenges to physicians and policy-makers. These data
suggest a substantial population burden of older patients suffering with important disability
after severe sepsis—over 100,000 with moderate-to-severe cognitive impairment, and nearly
500,000 with functional disability. These numbers of disabled severe sepsis survivors are of
the same order of magnitude as other recognized public health problems such as breast
cancer survivorship.19 Moreover, there is evidence that some—perhaps much—of this
disability is attributable to severe sepsis, rather than severe sepsis being simply a marker for
disability. (From individua-level longitudinal data on severe sepsis survivors, a
hospitalization for severe sepsis was associated with 3.34-fold increase in the odds of
moderate-to-severe cognitive impairment. For those with no disability before severe sepsis,
such a hospitalization was associated with the development of 1.57 new limitationsin ADLs
and IADLs, and for those with mild-to-moderate limitations beforehand, sepsis was
associated with the development of 1.50 new limitation.>1%) Such population burden of
disability after severe sepsis argues for an important role of sepsis prevention and disability
mitigation in preserving the independence of older Americans. Moreover, the downstream
costs of severe sepsis may be quite substantial—both in terms of direct health care costs
from disability, but also in terms of caregiver burden, lost productivity, and informal care
needs. Investments by Medicare in programs such as early mobility32 or delirium
prevention3* may offer long-term returns—in both improved patient functioning and in
reduced health care costs — but this needs to be studied.

From aclinical perspective, the importance of increasing rates of organ dysfunction to rising
severe sepsis incidence (and hence total numbers of surviving patients) argues for particular
focus on the early inpatient detection and management of severe sepsis. It has been
hypothesized that there may be a critical window during which effective treatment of
infection (the rates of which are rising only dightly) may prevent the inflammatory and
coagul opathic cascade of severe sepsis that leads to organ dysfunction.3 If this hypothesisis

JAm Geriatr Soc. Author manuscript; available in PMC 2013 June 01.
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correct, preventing the conversion of infection to severe sepsis may have marked influence
on the population burden of sepsis survivorship. Interventions such as early antibiotics3® and
pneumococcal vaccination may be effective in this arena— and their cost effectiveness
analysis should consider their potential to avert the high societal cost of disability after
severe sepsis. The rising rates of organ dysfunction may be hypothesized to result from
several causes, including growing use of immunosuppressive medications3’, higher
thresholds for hospital admission in an era of increasing shift towards outpatient treatment38,
and increased diagnosis of organ injury with more sensitive and ubiquitous testing3?;
establishing the relative contributions of these different mechanisms may be an important
topic for future research.

Thereislittle evidence of significant declinesin case fatality rates over longer patient-
centered time horizons. Cohorts that experienced declines in short-term mortality did not
have corresponding declinesin long-term mortality, even though sepsis appearsto exert a
mortality effect for at least 5 years after diagnosist*1, This unchanged long-term mortality
occurred despite the publication of several landmark trials during this period, including
early-goal directed therapy for severe sepsis™ and the introduction of low tidal volume
ventilation for acute lung injury*L, and an international campaign focused on sepsis-related
quality of care.4243 A crucial question is whether these therapies are ineffective at altering
the long-term natural history of severe sepsis, whether the attributable long-term mortality of
severe sepsisis lower than previously believed, 1415 or whether the implementation of
effective therapies has been too incomplete to impact population health.#*

Our results have several limitations. We focused on severe sepsis within the fee-for-service
Medicare population. While this is a population in which previous work demonstrated clear
functional and cognitive disability among survivors,? it does not include patients with severe
sepsis not yet eligible for Medicare. As such, the total population burden of severe sepsis
survivorship islikely greater. Second, we used awidely accepted operationalization of
severe sepsis for national epidemiologic work; while this definition has been clinically
validated, thisis not the same as prospective assessment of patients, were such a national
assessment feasible. Third, previous estimates of the associations of severe sepsis with
disability showed that there was less attributable disability after severe sepsisin patients
who were already severely disabled®; if there are relatively more severely disabled patients
in the US national population, our estimated burden of severe sepsis survivorship may be an
overestimate. Finally, we used administrative data, and so our results could be influenced by
secular trends in coding practice for specific organ dysfunctions; Appendix 2 presents
several sensitivity results. An overall increased attention to secondary diagnoses might
account for some of the overall trend, although we speculate that this would more likely
represent afailure to code organ dysfunction in the past than a fraudulent coding of organ
dysfunction in the current period.

Severe sepsis has emerged as a dominant cause of seriousillness in Medicare among older
Americans, and survivorship after severe sepsisis common. There are nearly 500,000
disabled survivors of severe sepsis, yet few proven therapies or specific support programs
exist to help or support their caregivers. Given severe sepsis survivors enduring cognitive,
physical and quality of life decrements, these patients and their families may benefit from
efforts to improve and integrate their care—from the prevention of severe sepsisthrough its
acute treatment and long-term follow-up.
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Appendix 1

Example of Demographic Decomposition

In order to understand the relative contributions to the changing rates of severe sepsis
survivorship, the following approach is used. First, consider the women aged 65 to 69. We
calculate the following values for 1996 from the Medicare data:

e POP: The number of patientsin Medicare in this group

e HOSP: Their age- and gender-specific rate of hospitalization with infection

« DYSFUNC: The aggregate rate of organ dysfunction per hospitalization

e SURVIVE: The aggregate 3-year survival rate for patients with severe sepsis

The total number of 3-year survivorsin this age group of women is mathematically
equivaent to POP* HOSP* DY SFUNC * SURVIVE. Adding subscripts to indicate the
reference year, the gender, and the age group, then the

Number of 3-Year Survivorsge w 6569 =
= POPgs w6569 * HOSP 96w 65-69° DY SFUNCgs * SURVIVEgg

The total Number of 3-Year Survivorsisthe sum over both genders and all age groups of
these age- and gender-specific Numbers of 3-Y ear Survivors.

To calculate the effect of population-aging between 1996 and 2005, we consider what would
have happened if POPgg v 65-69 Were replaced in the above equations by POP2ggs w 65-69-
We hold HOSP g6 w 65-69, DY SFUNCgg, and SURV 1V Egg constant, but recalcul ate the
sum. Theratio of this simulated number for 2005 to the actual number 3-year survivorsin
1996 was 1.057. Thus the change in the age-distribution accounted for a5.7% increasein
the number of 3-year survivors over that period, as presented in Figure 4.

A similar logic could be used changing only the year-specific rates for each of the other 3
terms. This was done to produce Figure 4.

Appendix 2

Sensitivity Analyses to Alternative Severe Sepsis Definitions

In 2002, anew ICD-9-CM code for “severe sepsis’ was introduced. Excluding cases of
severe sepsis with this explicit code had little effect on these results, as most such
hospitalizations also had codes for a specific infection and at least one acute organ
dysfunction. We further replicated our analyses with aternative definitions of severe sepsis
that excluded each organ dysfunction, to ensure that unspecified changes in coding practice
for other conditions did not drive our results. (That is, we considered a definition of severe
sepsis as an infection plus an organ dysfunction other than, for example, hepatic injury.)
Severe sepsis survivorship rose significantly in al such sensitivity tests, although less so if
acute kidney injury is excluded as a severe-sepsis-defining organ dysfunction.

This Tableis organized as follows. Each column of the Table presents the results of the
analyses as they occurred under alternative definitions of severe sepsis. The first column, for
reference, provides the results presented in the body of the manuscript. Key findings arein
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the italicized rows — they show, for example, a consistent percentage increase in the number
of 3-year survivors across the definitions. The rows entitled “ Contributions to 3-Y ear
Survivorship Change” paralldl the analysis summarized in Figure 4.

Finally, note that results for 5-year survival, asis commonly used in oncology, are presented
here as well, and show a consistent pattern.

Sensitivity Analyses Excluding Codesfor ...

Full Severe Sepsis
Definition and Cardiovascular  Neurologic
Septic Shock

New 3-Year Survivors, 1999 (Got Sepsisin 102,767 102,767 73,051 87,398
1996)
New 3-Y ear Survivors, 2008 (Got Sepsisin 225,251 207,410 164,540 203,084
2005)
9% Change, 2008 vs. 1999 219% 202% 225% 232%
New 5-Y ear Survivors, 2001 (Got Sepsisin 67,799 67,799 46,966 58,033
1996)
New 5-Y ear Survivors, 2008 (Got Sepsisin 121,029 119,756 85,743 108,803
2003)
9% Change, 2008 vs. 2001 179% 177% 183% 187%
Incident Cases 1996 387,330 387,330 289,614 341,586
Incident Cases 2003 656,194 645,379 488,511 594,821
Incident Cases 2005 791,809 689,826 590,572 722,414
Incident Cases 2008 1,015,432 881,334 751,334 853,751
9% Change, 2008 vs. 1996 262% 228% 259% 250%
Case Fatality Rates
5-year case fatality rate, incident cases from 82.5% 82.5% 83.8% 83.0%
1996
5-year case fatality rate, incident cases from 81.6% 81.4% 82.5% 81.7%
2003
3-year case fatality rate, incident cases from 73.5% 73.5% 74.8% 74.4%
1996
3-year case fatality rate, incident cases from 71.3% 69.7% 71.9% 71.7%
2005
In-Hospital case fatality rate, incident casesfrom  28.5% 28.5% 27.6% 30.0%
1996
In-Hospital case fatality rate, incident casesfrom  15.8% 12.4% 13.0% 16.0%
2008
Contributions to 3-Year Survivorship Change
Population Aging 5.7% 5.7% 5.7% 5.7%
Hospitalizations with Infection per Person 8.6% 8.6% 8.6% 8.6%
Organ dysfunction per Hospitalization with 78.2% 55.2% 77.7% 84.3%
Infection
Long-term Survival 8.0% 14.2% 11.3% 10.7%
Contributions to 5-Year Survivorship Change
Population Aging 4.2% 4.2% 4.2% 4.2%
Hospitalizations with Infection per Person 8.6% 8.6% 8.6% 8.6%
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Sensitivity Analyses Excluding Codesfor ...

Full Severe Sepsis
Definition and Cardiovascular  Neurologic
Septic Shock

Organ dysfunction per Hospitalization with 49.7% 47.3% 49.1% 53.9%
Infection
Long-term Survival 5.4% 6.1% 8.2% 7.7%

Sensitivity Analyses Excluding Codes for...

Hematologic Hepatic Renal Respiratory
New 3-Year Survivors, 1999 (Got Sepsisin 83,898 102,332 82,327 73,260
1996)
New 3-Y ear Survivors, 2008 (Got Sepsisin 188,885 223,797 124,560 189,416
2005)
% Change, 2008 vs. 1999 225% 219% 151% 259%
New 5-Y ear Survivors, 2001 (Got Sepsisin 54,794 67470 55,122 48,832
1996)
New 5-Year Survivors, 2008 (Got Sepsisin 98,814 120262 76,004 97,170
2003)
% Change, 2008 vs. 2001 180% 178% 138% 199%
Incident Cases 1996 320,965 384,128 284,144 240,175
Incident Cases 2003 544,488 650,126 376,227 467,504
Incident Cases 2005 668,707 783,373 413,788 597,456
Incident Cases 2008 921,573 1,002,340 425,198 824,543
9% Change, 2008 vs. 1996 287% 261% 150% 343%
Case Fatality Rates
5-year case fatality rate, incident cases from 82.9% 82.4% 80.6% 79.7%
1996
5-year case fatality rate, incident cases from 81.9% 81.5% 79.8% 79.2%
2003
3-year case fatality rate, incident cases from 73.9% 73.4% 71.0% 69.5%
1996
3-year case fatality rate, incident cases from 71.6% 71.2% 69.7% 68.1%
2005
In-Hospital case fatality rate, incident casesfrom  29.7% 28.2% 25.8% 20.2%
1996
In-Hospital case fatality rate, incident casesfrom  16.1% 15.4% 15.7% 10.5%
2008
Contributions to 3-Year Survivorship Change
Population Aging 5.7% 5.7% 5.7% 5.7%
Hospitalizations with Infection per Person 8.6% 8.6% 8.6% 8.6%
Organ dysfunction per Hospitalization with 81.6% 77.8% 26.9% 116.8%
Infection
Long-term Survival 8.9% 8.0% 4.7% 4.7%
Contributions to 5-Year Survivorship Change
Population Aging 4.2% 4.2% 4.2% 4.2%
Hospitalizations with Infection per Person 8.6% 8.6% 8.6% 8.6%
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Sensitivity Analyses Excluding Codesfor ...

Full Severe Sepsis
Definition and Cardiovascular  Neurologic
Septic Shock
Organ dysfunction per Hospitalization with 49.9% 49.6% 17.0% 72.0%
Infection
Long-term Survival 6.3% 5.4% 4.1% 2.2%
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Figure 1.

New 3-Year and 5-Y ear Survivors After Severe Sepsis. Figure 4 shows the relative
contributions of increasing rates of organ dysfunction per hospitalization with infection,
increasing rates of hospitalization with infection, population aging and changes in the 3-year
case fataity to these trends.

JAm Geriatr Soc. Author manuscript; available in PMC 2013 June 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

lwashynaet al. Page 15
1,250,000 -
BESpending for Severe Sepsis tJSpending for AMI
-B-Hospitalizations for Severe Sepsis =*Hospitalizations for AMI
1,000,000
[72]
=
)
T
= 750,000 -
8
a
[72]
o
s
[T
o
@ 500,000 -
2
£
=
-
250,000 A
© A > ) \} N \Z ) 2 N} o) QA &
) ) %) ) Q \} Q Q Q Q Q \} Q
SRS S S S D Sl S S
Year of Incident Hospitalization
Figure 2.

Hospitalizations and Spending for Severe Sepsis and Acute Myaocardial Infarction in
Medicare. Spending is for the acute hospitalization only and is not inflation-adjusted.
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Figure 3.
Case Fatality Rates After Severe Sepsis, by year in which severe sepsis developed. The case

fatality rate isthe fraction of hospitalizations after which the patient died by the specified
time period.

JAm Geriatr Soc. Author manuscript; available in PMC 2013 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

lwashynaet al. Page 17
200%
£
o
2
S 175%
(7]
- O
53
& 150%
55 Results of Changes in the:
52 -®~Organ Dysfunction Rate
ao®
£ £125% &-|nfection Rate
Z 3 *-3-Year Case Fatality Rate
'E - Age Distribution
o 100%
c
1]
=
(&)
75%
) Q N q o) X o) © QA >
) QO Q Q Q Q Q Q \) Q
S M R S S S
Year in Which Patient Reached 3-Year Survivorship
Figure4.

Contributions to the Rising Number of Survivors of Severe Sepsis. This Figure shows the
relative number of 3-year survivors who would have been expected had only each given
factor changed.

Interpretive Example: The aging of the population alone would have resulted in a5.7%
increase in the number of 3-year survivors between 1999 and 2008, had other rates remained
the same. The Figure reveals that the most important contributor to the growth in the number
of severe sepsis survivors over this decade was the increase in the rate of organ dysfunction
per patient hospitalized with infection, not by better survival among patients with severe

Sepsis.
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