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Abstract

Introduction—Mortality rates after severe sepsis are extremely high and the main focus of most
research is short-term mortality, which may not be associated with long-term outcomes. The
purpose of our study was to examine long-term mortality after a severe sepsis and identify factors
associated with this mortality.

Methods—We performed a population-based study using Veterans® Affairs administrative data
of patients = 65 of age. The outcome of interest was mortality >90 days following hospitalization.
Our primary analyses were Cox proportional hazard models to examine specific risk factors for
long-term mortality.

Results—There were 2,727 patients that met the inclusion criteria. Overall mortality was 55%, 1
and 2-year mortality rates were 31% and 43%, respectively. Factors significantly associated with
long-term mortality included congestive heart failure, peripheral vascular disease, dementia,
diabetes with complications, and use of mechanical ventilation. Smoking cessation and cardiac
medications were associated with decreased long-term mortality rates.

Conclusions—We identified several factors, including receipt of mechanical ventilation, that
were significantly associated with increased long-term mortality for survivors of severe sepsis.
This information will help clinicians discuss prognosis with patients and their families.
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INTRODUCTION

Sepsis is defined as a systemic inflammatory response that is secondary to an acute infection
[1]. Over the past 30 years, the incidence of sepsis and sepsis-related mortality has
increased, [2] and it is now the 10t leading cause of death in the United States [3].
Approximately 750,000 people are affected annually by severe sepsis and more than 1/2 of
the effected population is over 65 years old [4]. With an increasingly aging population in the
United States, the incidence of sepsis is likely to increase in the future.

Past studies have focused on short-term outcomes after severe sepsis and have shown that
28-day mortality rates average 28% [4]. Martin et al reported a decrease of in hospital
mortality rates from about 28% to 18% over the period of 1979-2000 but also an increase in
the incidence of sepsis seen in the US [2]. There has been very little research on the long-
term mortality of severe sepsis but the few studies have postulated that mortality rates at 1
year are extremely high and that current therapies based on reducing short-term mortality
may be insufficient to reduce this long-term mortality [5]. Weycker et al reported a 1-year
mortality rate of 51% and a 5-year mortality rate of 74% and showed a direct relationship
between mortality rates and Charlson comorbidity scores, as well as number of sites of
organ dysfunction [6]. Benjamin et al reported 1-year mortality rates of about 26% after
severe sepsis [5]. Another study comparing trauma patients to sepsis patients showed a 2-
year cumulative mortality rate of 67% in sepsis patients which was significantly higher than
the 43% mortality rate of patients who were hospitalized for trauma [7]. There is a need for
more data in this area because the high rates of long-term mortality after severe sepsis
indicate that there may need to be a change in the treatment of patients both initially and
during follow up. Also, an additional examination of the relationship between long-term
mortality and specific comorbid conditions may give clinicians a better idea of prognosis for
those who survive at least until discharge.

Our aim is to use the extensive data available in the Department of Veterans Affairs (VA)
health care system to examine long-term (>90 days) mortality rates of patients over age 65
years hospitalized with severe sepsis and to assess the relationship between mortality and
different variables such as sociodemographic factors, previous co-morbid conditions,
severity of illness, organisms isolated at the time of infection, drug or alcohol abuse, and
outpatient medications taken.

METHODS

Our study utilized data from the administrative databases of the Department of Veterans’
Affairs Health Care systems. The data was a collection of clinical data from all of the VA
hospitals and outpatient clinics. The Institutional Review Board of the University of Texas
Health Science Center at San Antonio approved this study under expedited review. Waiver
of informed consent was obtained for this study.

Inclusion and exclusion criteria

Patients included in this study:

a. were aged 65 years or older on the date of admission.
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b. had at least 1 outpatient clinic visit in the year preceding the index admission so as
to ensure that information on prior comorbid conditions is available.

c. received at least 1 active and filled outpatient medication within 90 days of
admission.

d. were hospitalized during the fiscal years 2002-2007 (Oct 2001-Sept 2007)

e. had a previously validated discharge diagnosis of sepsis [2, 8] - primary or
secondary code of 038-038.9 plus at least 1 code for acute organ
dysfunction-518.8x, 786.09, 799.1, 96.7, 458.0, 785.5x, 458.x, 796.3, 584, 580,
585, 39.95, 570, 572.2-3, 286.2, 286.6, 286.9, 287.3-5, 276.2, 293, 348.1, 348.3,
780.01, 780.09, 89.14, and

f.  received at least 1 dose of antimicrobial therapy within the first 48 hours of
admission.

We excluded any patient who died within 90-days of index admission so that we would be
able to clearly examine factors associated with long-term mortality. If a patient was admitted
more than once during the study period, only the first hospitalization was included.

Data sources

We used demographic, utilization, and comorbidity data from the National Patient Care
Database, pharmacy data from the VA Decision Support System National Data Extracts and
Pharmacy Benefits Management, and vital status information from VA’s Vital Status file
which incorporates data from veterans’ death benefits claims, inpatient deaths, Medicare
Vital Status files, and the Social Security Administration death master file. Encrypted
patient identifiers link the information across these databases.

We obtained demographic information (age, sex, race, marital status) from inpatient and
outpatient data. Race categories included white, black, Hispanic, and other/unknown. ICD-9
codes for tobacco use (305.1, V15.82), smoking cessation clinic use, and/or use of
medications for the treatment of nicotine dependence (Zyban, nicotine replacement, or
varenicline) were used to infer recent tobacco use. Priority status was used as a proxy for
socioeconomic status. Priority groups include (a) at least 50% disabled by a military service-
connected condition (priority group 1), (b) up to 40% service-connected disability or special
wartime cohorts such as OEF/OIF (priority groups 2—6), and (c) higher income patients with
no service connected injuries (priority groups 7-8).

We also obtained information on comorbid conditions from inpatient and outpatient
administrative data. Alcohol abuse was defined by ICD-9 codes 291, 303, 305.0; and illicit
drug use by ICD-9 codes 292, 304, 305 excluding 305.1. We used Charlson’s comorbidity
methodology to classify other preexisting comorbid conditions [9, 10]. Charlson’s
comorbidity system includes 19 comorbid conditions, which are classified using ICD-9
codes from prior outpatient and inpatient codes [11].

Pharmacy data were obtained from the VA Decision Support System and Pharmacy Benefits
Management databases. Subjects were considered a current user of a given medication if
their last prescription had sufficient supply to overlap the date of hospitalization, assuming
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an 80% compliance rate. To control for potential confounding by medications, a count of
unique drugs in each of the following classes per patient was calculated for drugs refilled/
filled within 90-days of presentation: cardiac medications, respiratory medications, and
diabetic medications. A dichotomized variable was created for corticosteroid use. Previous
research has demonstrated that using the count of these medication classes is preferable to
adjusting for the individual medications [12].

Mortality was determined using the Veteran’s Affairs Vital Status File, which has been
demonstrated to be as accurate as the “gold standard” National Death Index [13]. We
excluded those subjects who died within 90-days so as to better assess factors associated
with long-term, rather than short-term, mortality. Mortality was assessed through October 1,
2007. So as to be able to include the maximum number of subjects, and their follow up
information, we utilized Kaplan-Meier and Cox proportional hazard survival methods that
allow censoring of information at the end of follow-up (e.g., 180 days) but also allows us to
examine longer time periods (e.g., 2 years).

Statistical Analyses

RESULTS

Bivariate statistics were used to test the association of sociodemographic and clinical
characteristics with mortality > 90-days after admission. Categorical variables were
analyzed using the chi-square test and continuous variables were analyzed using Student’s t-
test. To examine time-to-diagnosis for several factors, graphs were created using Kaplan-
Meier estimated probabilities.

Next we created 2 Cox Proportional hazard models to examine potential predictors long-
term mortality. Due to violations of the proportional hazards assumption, we were unable to
examine the entire follow up period in the same model. Grambsch and Therneau’s method
was used to evaluate the proportional hazards assumption [14]. Factors examined in the
models included demographics, mechanical ventilation, vasopressor use, prior comorbid
conditions, and outpatient medications received within 90-days.

All analyses were performed using STATA 10 (College Station, Texas).

Patient Characteristics

A total of 2,727 patients met the criteria to be included in this study. We identified 7,302
hospitalizations due to severe sepsis that received antibiotic treatment within the first 48
hours of admission (Figure 1). Of those, we excluded the 4,411 patients that died within 90
days of hospital admission and 164 episodes that were rehospitalizations. Of those who meet
the inclusion criteria, 1501 (55%) died during the follow-up period. Our cohort was largely
male (98.5%) with an average age of 76 years (SD=6.5). The average Charlson comorbidity
score was 3.5 (2.6) with COPD (29.2%), renal disease (28.2%), and congestive heart failure
(26.1%) affecting the highest percentage of patients. Overall, 55% of patients were initially
admitted to the ICU within 48 hours of admission, 24% received mechanical ventilation, and
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29% received vasopressors. Table 2 demonstrates the association of variables of interest
with long-term mortality.

Figure 2 shows Kaplan-Meier survival curves looking at survival of patients that had
undergone mechanical ventilation and those who had a prior diagnosis of chronic kidney
disease, congestive heart failure, or COPD. All of the plots demonstrated statistically
significant (p<0.001) associations with increased long-term mortality.

Table 3 shows the results of a multivariable Cox proportional hazards models examining the
association between the variables of interest and long-term mortality between 90-365 days.
Factors that were shown to be associated with increased risk of mortality between 90-365
days include age (HR 1.02, 95% CI 1.01-1.03), use of mechanical ventilation (HR 1.63 95%
Cl 1.37-1.95), presence of comorbid conditions such as myocardial infarction (HR 1.25,
95% CI 1.01-1.60) congestive heart failure (HR 1.28, 95% CI 1.08-1.52), peripheral
vascular disease (HR 1.25, 95% CI 1.05-1.50), cirrhosis (HR 1.83, 95% CI 1.05-3.19), renal
disease (HR 1.24, 95% CI 1.05-1.47), cancer (HR 1.25, 95% CI 1.05-1.49), and metastatic
cancer (HR 2.00, 95% CI 1.47-2.32). Factors significantly associated with decreased
mortality between 90-365 days include smoking cessation (HR 0.78, 95% CI 0.67-0.92)
and cardiac medications received 90 days prior to hospitalization (HR 0.78, 95% CI 0.66—
0.93). The data from Table 4 shows the relationship between the variables of interest and
mortality greater than 365 days after admission. The variables that were associated with
higher long-term mortality were age (HR 1.03, 95% CI 1.01-1.04), use of mechanical
ventilation (HR 1.31, 95% CI 1.05-1.62), congestive heart failure (HR 1.63, 95% CI 1.35-
1.98), peripheral vascular disease (HR 1.27, 95% CI 1.03-1.55), dementia (HR 1.90, 95%
Cl 1.34-2.71), and diabetes with complications (HR 1.55, 95% CI 1.22-1.97). Cardiac
medications used 90 days prior to admission (HR 0.74, 95% CI 0.62—0.90) was associated
with decreased mortality >365 days.

DISCUSSION

Sepsis is a disease of great importance to clinicians, but long-term effects of a severe sepsis
diagnosis have been studied only superficially. This study builds upon the small number of
prior papers that examined the long-term effects of severe sepsis and found associations
between long-term mortality and factors such as age, multiple comorbid conditions,
mechanical ventilation, medication use, and smoking cessation. This study is important
because it highlights the long-term effects of severe sepsis and should encourage clinicians
to closely follow up patients who have survived severe sepsis.

The overall mortality rate of our cohort was 55% with a 1-year mortality rate of 30.6% and a
2-year mortality rate of 43%. These high mortality rates are similar to long-term mortality
rates reported in other studies. For example, Weycker et al reported a 1-year mortality rate
of 51.4% and Karlsson et al reported a 2-year mortality rate of 44.9% [6, 15]. Winters et al
published a review study of long-term mortality after sepsis and found that 1-year mortality
rates ranged from 7-43% [16]. One important difference in our reported mortality rates
compared to previous studies is that we removed all of the deaths that occurred during the
initial 90 days after hospitalization. This analysis allowed us to focus on the long-term
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effects of sepsis and avoid biasing our examination of the factors associated with long-term
mortality with short-term factors. These mortality rates indicate the need for closer follow
up for patients who have been hospitalized with severe sepsis even after full recovery from
infection. All reported mortality rates have been very high and clinicians should be aware of
this when treating patients with severe sepsis.

Previous studies have shown that both short-term and long-term mortality is associated with
increasing Charlson comorbidity scores [6, 17]. The average Charlson comorbidity score of
our cohort was 3.5 (SD 2.6), which is similar to previous research. Our study also broke up
the Charlson comorbidity score to look at individual comorbidities so as to examine how
each one relates to long-term mortality. We found that congestive heart failure, peripheral
vascular disease, dementia, and diabetes with complications were associated with increased
long-term mortality rates after 1 year. These diseases are associated with organ dysfunction
and other chronic problems, so it is not surprising that a pre-existing diagnosis would
increase long-term mortality. As one of the first studies to look at individual disease
associations with mortality, we believe these results to be clinically relevant, because these
specific conditions can be indications of poor outcomes for patients even after they survive
their initial hospitalization.

Not surprisingly, we found that increasing age was also associated with increasing long-term
mortality rates. We also showed that both the use of cardiac medication 90 days prior to
hospitalization and smoking cessation were protective variables against mortality. The
protective effect of cardiac medications may be due to “ healthy user behaviors” in that
patients who were taking medications were more compliant and were more likely to live a
healthy life style [18]. In addition, statins especially may have an effect upon severe sepsis.
A recent systematic review of studies on statins and their effect on severe sepsis found that
their use was associated with decreased short-term mortality [19]. The use of statins may
lead to less physiological damage during the initial episode of sepsis, which allows them to
have better long-term outcomes. Smoking cessation was also protective against long-term
mortality. Studies have shown that smoking does not cause differences in sepsis-related
mortality [20]. We therefore hypothesize that smoking cessation is probably also related to
the healthy user behaviors discussed above.

Another important finding of this study is that use of mechanical ventilation is associated
with increased long-term mortality. In the short term, mechanical ventilation is associated
with increased severity of disease [21] and therefore, higher short-term mortality rates. We
hypothesize it is associated with increased long-term mortality due to higher levels of organ
damage that occurred due to the increased severity of sepsis. In addition, Villar et al showed
that using mechanical ventilation can increase the inflammatory response [22] and increased
inflammation has been associated with increased cardiovascular events [23], which may lead
to higher long-term mortality.

Limitations of our study include a small percentage of women in our cohort, which
potentially limits the generalizability of the data. In addition, we had to rely on
administrative data for comorbidity and diagnostic data, which may be at times inaccurate
and lacks other data elements that we would like to examine (e.g., use of sepsis bundles).
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However, due to our use of VA data and the validated techniques utilized in this study we do
not believe that there is substantial risk of bias for VA [24, 25]. Also, we restricted this
cohort to patients =65 years, and therefore, this study may not apply to younger patients. In
addition, due to the design of the primary study we are unable to examine the impact of
nosocomial infections on long-term mortality. Finally, we did not have a control group
without severe sepsis so we were unable to compare mortality between those with and
without severe sepsis.

CONCLUSION

In conclusion, there is substantial long-term mortality after severe sepsis and care should not
end after release from the hospital especially for patients with the risk factors for long-term
mortality. Clinicians should closely monitor those who survive the initial hospitalization for
severe sepsis so as to identify factors that may be potentially modifiable. In addition, this
information should be provided to patients and their families so as to help them understand
the natural history of severe sepsis.
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Had a previously validated discharge diagnosis of sepsis - primary or secondary code of
038-038.9 or 020.0 plus at least 1 code for acute organ dysfunction- 518.8x, 786.09, 799.1,
96.7, 458.0, 785.5x, 458.x, 796.3, 584, 580, 585, 39.95, 570, 572.2-3, 286.2, 286.6, 286.9,
287.3-5, 276.2, 293, 348.1, 348.3, 780.01, 780.09, 85.14
N=10630

Y

Received at least one dose of antimicrobial
therapy within the first 48 hours of admission.

N=7302

.

P
Survived the initial 90 days
after admission.

N=2891

|

If a patient was admitted
more than once during the
study period, only the first

hospitalization was included.
N=2727

-

Figure 1.
Cohort Inclusion Criteria
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Table 1

Characteristics of Patients with Severe Sepsis (n=2727)

Variables

N (%)

Sociodemogr aphic:
Age (years)
Average Survival (days)
Overall mortality
Sex:
Male
Female
Race:
White
Black
Hispanic
Other
Marital Status
Single
Married
Alcohol Abuse
Smoking Cessation
Drug Abuse
In-Hospital Treatmentswithin 48 hours of admission:
Admitted to ICU
Mechanical Ventilation
Vasopressor Use
VA Priority Group:
1
2-6
7-8
Comorbid Conditions:
Myocardial Infarction
Congestive Heart Failure
Peripheral Vascular Disease
COPD
Rheumatic Fever
Cirrhosis
Dementia
Diabetes (with complications)
Hepatitis
Paraplegia
Renal Disease

Cancer

AmJ Med Sci. Author manuscript; available in PMC 2015 April 01.

76 (6.5)
1411.7 (1080.4)
1501(55.0)

2687 (98.5)
40 (1.5)

2057 (75.4)
535 (19.6)
198 (7.3)
135 (5.0)

1343 (49.2)
1384 (50.8)
119 (4.4)
805 (29.5)
32(1.2)

1501 (55.0)
661 (24.2)
799 (29.3)

469(17.2)
2022(74.1)
232(8.5)

262 (9.6)
713 (26.1)
542 (19.9)
795 (29.2)
75 (2.8)
39 (1.4)
111 (4.1)
485 (17.8)
19(0.7)
85 (3.1)
769 (28.2)
693 (25.4)
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Variables N (%)
Metastatic Cancer 127 (4.7)
AIDS 11 (0.4)

Charlson Comorbidity Score 3.5(2.6)

Number of Medications by type:*

Diabetes 0.4 (0.7)
Pulmonary 0.6 (1.3)
Cardiac 1.9 (1.7)
Oral 0.3(0.6)

All factors listed in this table are given as total number and percentage or mean and standard deviation.

*
Includes medications given 90 days prior to admission.
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Univariate Analyses of the Associations with Long-Term Mortality (N=2727)

Table 2

Variable Survived N (%) DiedN (%) P-Value
Overall Survival 1226 (45.0) 1501 (55.0)  <0.01
Sociodemographic:
Male 1203 (44.1) 1484 (54.4) 0.1
Age Group:
<60 years 550 (20.2) 579 (21.2)  <0.01
6070 years 471 (17.3) 647 (23.7) 0.1
70-80 years 97 (3.6) 141 (5.2) 0.17
80-90 years 2(0.07) 3(0.11) 0.82
90-100 years 1(0.04) 1(0.04) 0.88
Race:
White 942 (34.5) 1115 (40.9)  0.12
Black 228 (8.4) 307 (11.3)  0.23
Hispanic 83 (3.0) 115 (4.2) 0.37
Other 56 (2.1) 79 (2.9) 0.41
Married 642 (23.5) 742(272) 013
Smoking Cessation 383 (14.0) 422 (15.5) 0.08
Alcohol Abuse 51 (1.9) 68 (2.5) 0.64
Drug Abuse 17 (0.62) 15 (0.55) 0.35
VA Priority Group:
1 205 (7.5) 264 (9.7) 0.55
2-6 898 (32.9) 1124 (41.2) 033
7-8 120 (4.4) 112 (4.1) 0.03
Comorbid Conditions:
Myocardial Infarction 104 (3.8) 158 (5.8) 0.07
Congestive Heart Failure 253 (9.3) 460 (16.9) <0.01
Peripheral Vascular Disease 210 (7.7) 332 (12.2) <0.01
COPD 324 (11.9) 471(17.3)  <0.01
Rheumatic Fever 35 (1.3) 40 (1.5) 0.76
Cirrhosis 12 (0.44) 27 (0.99) 0.07
Dementia 35(1.3) 76 (2.8) <0.01
Diabetes (without complications) 533 (19.5) 657 (24.1) 0.88
Diabetes (with complications) 192 (7.0) 293 (10.7) <0.01
Hepatitis 6 (0.22) 13 (0.48) 0.24
Paraplegia 33(1.2) 52 (1.9) 0.25
Renal Disease 319 (11.7) 450 (16.5) 0.02
Cancer 283 (10.4) 410 (15.0) 0.01
Metastatic Cancer 42 (1.5) 85 (3.1) <0.01
AIDS 4(0.15) 7(0.26) 0.56

Number of Medications by type:*
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Variable Survived N (%) DiedN (%) P-Value
Diabetes 43 (.02) 41 (.02) 0.28
Pulmonary .50 (.04) .63 (.04) 0.99
Cardiac 1.9 (.05) 1.8 (.05) 0.04
Oral 26 (.02) 26 (.02) 0.50

Table shows outcomes as total number and percentage or mean and standard deviation

*
Includes medications given 90 days prior to admission.
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Results of Cox Proportional Hazard Regression for Mortality between 90-365 days

Table 3

Variable Hazard Ratio  95% Confidence Interval
Sociodemogr aphic:
Age Admitted 1.02 1.01-1.03
Male 1.96 0.81-4.75
Race:
Hispanic 1.22 0.93-1.60
Black 1.02 0.84-1.24
Other 1.49 1.11-1.99
Married 0.96 0.82-1.11
Smoking Cessation 0.78 0.65-0.92
Alcohol Abuse 0.99 0.68-1.44
Drug Abuse 0.45 0.17-1.24
In-Hospital Treatmentswithin 48 hours:
Vasopressor Use 1.15 0.97-1.36
Mechanical Ventilation 1.63 1.37-1.95
VA Priority Group:
2-6 0.88 0.73-1.06
7-8 0.84 0.62-1.14
Comorbid Conditions:
Myocardial Infarction 1.27 1.01-1.60
Congestive Heart Failure 1.28 1.08-1.52
Peripheral Vascular Disease 1.25 1.04-1.50
COPD 121 1.00-1.45
Rheumatic Fever 1.01 0.68-1.65
Cirrhosis 1.83 1.05-3.19
Dementia 0.96 0.63-1.44
Diabetes 0.99 0.80-1.22
Diabetes (with complications) 1.08 0.87-1.35
Hepatitis 1.37 0.62-3.04
Paraplegia 117 0.79-1.72
Renal Disease 1.24 1.05-1.47
Cancer 1.25 1.05-1.49
Metastatic Cancer 2.00 1.47-2.72
AIDS 1.13 0.36-3.55
Number of Medications by type:*
Diabetes 0.92 0.73-1.16
Pulmonary 117 0.95-1.43
Cardiac 0.78 0.66-0.93
Corticosteroids 1.19 0.99-1.43

*
Includes medications given 90 days prior to admission.
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Results of Multivariable Cox Proportional Hazard Regression for Mortality >365 days

Table 4

Variable Hazard Ratio  95% Confidence Interval
Sociodemogr aphic:
Age Admitted: 1.03 1.01-1.04
Male 0.82 0.44-1.55
Race:
Hispanic 0.81 0.57-1.16
Black 1.08 0.88-1.33
Other 0.87 0.56-1.37
Married 0.95 0.80-1.12
Smoking Cessation 0.92 0.76-1.11
Alcohol Abuse 1.25 0.86-1.84
Drug Abuse 1.14 0.60-2.16
In-Hospital Treatmentswithin 48 hours:
Vasopressor Use 0.83 0.68-1.02
Mechanical 131 1.05-1.62
Ventilation
VA Priority Group:
2-6 1.14 0.91-1.43
7-8 0.90 0.62-1.30
Comorbid Conditions:
Myocardial Infarction 0.98 0.74-1.31
Congestive Heart Failure 1.63 1.35-1.98
Peripheral Vascular Disease 1.27 1.03-1.55
COPD 0.98 0.80-1.21
Rheumatic Fever 0.97 0.58-1.62
Cirrhosis 1.46 0.68-3.11
Dementia 1.90 1.34-2.71
Diabetes 1.09 0.86-1.37
Diabetes (with complications) 1.55 1.22-1.97
Hepatitis 1.65 0.60-4.53
Paraplegia 1.33 0.86-2.05
Renal Disease 0.98 0.81-1.19
Cancer 113 0.92-1.39
Metastatic Cancer 1.03 0.63-1.67
AIDS 247 0.91-6.74
Number of Medications by type:*
Diabetes 0.80 0.62-1.03
Pulmonary 1.26 1.00-1.59
Cardiac 0.74 0.62-1.03
Corticosteroids 0.88 0.70-1.11
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*
Includes medications given 90 days prior to admission.
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