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I Introduction

Over 750000 patients develop severe sepsis annually in the United States [1], and
over 60% of these patients are 65 years of age or older [1]. With the number of oc-
togenarians expected to double by the year 2030 [2], severe sepsis in older patients
is a major public health concern. In this chapter we will review important differ-
ences between older and younger patients with severe sepsis, with special attention
to treatment strategies and their application in older patients. The chapter is struc-
tured to address these important questions regarding the interaction of age and se-
vere sepsis:

Is severe sepsis a disease of the elderly?

How does the immune system change with aging?

What other factors place older patients at increased risk for sepsis?

Is the pathophysiology of sepsis altered in older patients?

What challenges are associated with the diagnosis of sepsis in older patients?
What management strategies are appropriate in older patients with sepsis?

What is the prognostic significance of increasing age in sepsis?

I Is Severe Sepsis a Disease of the Elderly?

Unlike many disease processes, sepsis occurs across all age groups. However, there
is a clearly documented rise in its incidence with increasing age. An abrupt decline
occurs after the neonatal period, after which the incidence of sepsis increases
steadily throughout adulthood (Fig. 1). Angus et al. reported the annual incidence
of severe sepsis across all age groups to be 3.0 cases per 1000 population [1]. The
incidence rises dramatically with age such that in those over 85 years of age sepsis
occurs annually at a rate of 26.2 per 1000 population. Martin et al. analyzed data
from the National Hospital Discharge Survey and similarly reported the annual in-
cidence of sepsis to be 2.4 per 1000 population [3]. Their data indicate that the
average age of patients with sepsis is increasing over time. Nearly two-thirds of pa-
tients with sepsis each year are over 65 years of age [1].

While sepsis is not a disease unique to the elderly, the rising incidence of sepsis
in this portion of the population and the increasing age of patients with sepsis con-
tributes significantly to national health care costs. Greater than 52% ($ 8.7 billion)
of the total national hospital cost attributable to the care of patients with sepsis in
1995 went to those patients over 65, and 30.8% ($ 5.1 billion) went to those 75
years or older [1].
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Fig. 1. National age-specific number and incidence of cases of severe sepsis. From [1] with permission.
Pop: population

I How does the Imnmune System Change with Aging?

Aging of the immune system is generally referred to as immunosenescence. While
some components of the inflammatory response are well-maintained, even in cente-
narians, other components of the immune response are markedly impaired with in-
creased age, and alterations of inflammatory responses with aging accelerate the
risk of systemic infection and severe sepsis [4]. There are numerous explanations
for this increased risk, with derangements in the immune response being promi-
nent [5].

The pathophysiologic mechanisms that underlie the aging process of the im-
mune system are complex and multifactorial, but several common features charac-
terize immunosenescence. The major elements of the innate immune system (neu-
trophils, macrophages, dendritic cells, natural killer [NK] cells, etc.) are well pre-
served with aging, but the adaptive immune response is significantly impaired with
increased age [5]. Defects in cell-mediated immune responses are the earliest find-
ings indicative of aging of the immune system, with CD8" cells more profoundly
affected than CD4" cells [6, 7]. B cell responses and other elements of humoral im-
munity are also affected by age [7].

As thymus tissue is gradually replaced by fatty infiltration with aging, the rate
of generation of naive T cells falls off dramatically. T cells in the elderly generate
less interleukin-2 (IL-2), have limited proliferative capacity, and have impaired sig-
nal transduction after engagement with antigen presenting cells [8]. Due to reduced
cell-mediated immune function, aging is associated with a markedly increased risk
for infection with invasive intracellular pathogens, e.g., West Nile virus, severe
acute respiratory syndrome (SARS), and Listeria monocytogenes [5].

The B cell population gradually shrinks with age while the plasma cell popula-
tion and immunoglobulin levels increase. B cell responses show intact anamnestic
responses to recall antigens, but the humoral response to neoantigens is signifi-
cantly impaired in older patients [5]. The major problem with B cell function in
the elderly is the relative absence of helper T cell function. The expression of three
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co-stimulatory molecules vital to the interaction between B cells and T cells (CD40
ligand, CD28, and OX40L) is impaired in aged T cells. This is demonstrated in the
blunted antibody responses to immunizations and invasive microbial pathogens
noted in older patients [9].

While cytokine and chemokine generation in older patients depends upon mul-
tiple factors, e.g., gender, nutritional status, concomitant illnesses, and exposure to
various medications, elderly patients generally produce normal or elevated levels of
IL-1, IL-3, IL-4, IL-6, tumor necrosis factor (TNF), interferon gamma (IFNy), and
chemokines [4]. IL-10 synthesis may be increased in elderly patients as well, indi-
cating an exaggerated TH2-type cytokine response. This high IL-10/TNF ratio, or
anti-inflammatory to pro-inflammatory ratio, has been demonstrated in older pa-
tients with severe sepsis and was associated with increased mortality [10].

I What other Factors place Older Patients at Increased Risk for Sepsis?

In addition to the increased risk for infection and sepsis due to immunosenescence,
other important factors place the elderly population at greater risk for sepsis. These
include co-morbid illnesses, exposure to instrumentation and procedures, institu-
tionalization, malnutrition, and poor performance status [11-14]. Significantly
higher rates of co-morbidities - e.g., hypertension, myocardial infarction, cardio-
myopathy, chronic obstructive pulmonary disease, malignancy, and recent surgery
- were noted in those over 75 years of age compared to younger patients in a re-
cent sepsis trial [11]. Those over age 65 in another sepsis study were twice as likely
to have at least one co-morbid medical condition as younger sepsis patients [15].
Management of such conditions often necessitates instrumentation (urinary cathe-
ters, tracheotomies, and central venous catheters, etc.) that compromises the natural
barriers of innate immunity and creates a portal of entry for infection. Addition-
ally, up to one-third of patients older than 80 reside in long-term care facilities
where bacterial flora demonstrate a higher level of resistance than that seen in the
community [12, 16]. Institutionalization is associated with oropharyngeal coloniza-
tion with Gram-negative bacilli, and this, combined with depressed cough and mu-
cociliary transport function, leads to increased rates of nosocomial pneumonia
[13]. Additionally, malnutrition is commonplace in the elderly as a result of inactiv-
ity, poor mobility, functional limitation, poor or restricted diets, chronic disease,
dementia, depression, poor dentition, and polypharmacy [14].

I Is the Pathophysiology of Sepsis Altered in Older Patients?

Ongoing research has revealed that sepsis is a complex interaction of both inflam-
matory and anti-inflammatory responses, as well as disturbed hemostasis and
thrombosis; thus, a review of the pathophysiology of sepsis is warranted. Primary
cellular injury may result directly from infection but more often occurs when a
toxic microbial stimulus (e.g., lipopolysaccharide, peptidoglycan, and other pattern
recognition molecules) launches a deleterious host response initiated by the gen-
eration of inflammatory mediators, including TNF-a, IL-1, and other cytokines and
chemokines that activate leukocytes, promote leukocyte-vascular endothelium ad-
hesion, and induce endothelial damage [17]. As a result of this endothelial damage,
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Fig. 2. Age-related increased levels of clotting factors — particularly Factor VII, Factor VIIl and fibrinogen
— and impaired fibrinolysis from excess plasminogen activator inhibitor-1 produce a propensity towards
thrombus formation. The impaired ability to effectively clear neoantigens and the progressive, low-grade
inflammation that accompanies aging leads to inefficient clearance of microbes and excess cytokine and
chemokine synthesis. The bi-directional interactions between fibrin generation and inflammation adversely
affect the microcirculation in older patients with sepsis. Thrombin activates leukocytes, platelets, and en-
dothelial cells via protease activated receptor-1 (PAR-1), upregulating IL-6, IL-8, platelet activating factor
(PAF), and P selectin synthesis. Neutrophils and monocytes bind to fibrin, fibrinogen, and P-selectin by P-
selectin glyoprotein ligand-1 (PSGL-1). Activated myeloid cells express the pattern recognition molecules
(D14 and Toll-like receptor 4 (TLR 4). The innate inflammatory reaction upregulates tissue factor expres-
sion and suppresses endogenous anticoagulant activity promoting further thrombus propagation

tissue factor is expressed, and the tissue factor-dependent clotting cascade is acti-
vated, resulting in the formation of thrombin such that microaggregates of fibrin,
platelets, neutrophils, and red blood cells impair capillary blood flow, decreasing
oxygen and nutrient delivery [18].

Multiple studies have noted important alterations in the pathophysiology of sep-
sis in older patients, as compared to that in younger patients. Levels of TNF-a were
significantly higher in septic patients over 80 years of age than in younger septic
patients in one study [19], and increased concentrations of soluble adhesion mole-
cules - markers for activated or damaged endothelium - have been observed in
older septic patients compared to younger septic patients [20]. Additionally, the
monocytes of healthy elderly adults demonstrate increased intracellular levels of
TNEF-q, IL-1, and IL-6 [21], and increasing age is associated with rising circulating
levels of IL-6 and D-dimer [22], activated Factor VII, and other coagulation factors
[23], indicating activation of inflammatory and coagulation pathways even in the
absence of acute illness (Fig. 2).
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I What Challenges are Associated with the Diagnosis
of Sepsis in Older Patients?

Older patients with suspected infection may pose particular challenges in the diag-
nosis of sepsis. As such, a careful evaluation for signs of systemic inflammatory re-
sponse syndrome (SIRS) [24] is essential, keeping in mind that the frequency of
these signs in sepsis is altered by increased age. For example, fever may be blunted
or absent in older patients with infection. In one study, fever was absent in 25
(13%) of 192 bacteremic patients 65 years of age and older compared to only 5
(4%) of 128 patients less than 65 years (p<0.01) [25]. Another study found that
half of the elderly patients evaluated had a blunted fever response to infection
(<38.3°C), but one-quarter of these patients had a significant change in tempera-
ture above a low baseline [26]. Additionally, while the incidences of tachycardia
and hypoxemia were significantly lower among septic patients over age 75 com-
pared to younger patients in one large study, tachypnea and altered mental status
were more common in the older group [27]. Confusion or altered mental status,
best thought of as delirium [28] or septic encephalopathy [29], is noted to occur in
the majority of septic patients [28]; therefore, clinicians must be aware of such
nonspecific clinical expressions of infection in the elderly. Other common symp-
toms include weakness, anorexia, malaise, urinary incontinence, and falls [12].

In addition to the variation in inflammatory signs and symptoms seen in the el-
derly, other diagnostic difficulties may include difficulty obtaining blood, sputum,
body fluids, or tissue samples in patients who are cognitively impaired, debilitated,
dehydrated, or frail [12], and positioning patients for high-quality chest radio-
graphs may be problematic, compromising the diagnostic value of these studies.

I What Management Strategies are Appropriate
in Older Patients with Sepsis?

Clinical practice guidelines, such as the recently published Surviving Sepsis Cam-
paign guidelines, outline key recommendations regarding the management of pa-
tients with severe sepsis and septic shock [30]. While guidelines can serve as the
foundation of management in the care of patients with sepsis, there are some dif-
ferences between older and younger patients in the implementation of these strate-
gies. However, most of the guidelines should be employed similarly regardless of
age and thus serve as the basis of this section of the chapter. In fact, some thera-
pies actually provide larger absolute risk reductions in older patients as compared
to younger patients.

Initial Resuscitation and Hemodynamic Support

Although special care must be taken to avoid excess fluid accumulation in older pa-
tients, under-resuscitation is more likely in severe sepsis due to increased capaci-
tance of the vasculature, and the initial resuscitation of any patient with severe sep-
sis or septic shock should begin early with a goal of maintaining adequate tissue
perfusion (Grade B evidence, see Table 1), as indicated by blood pressure, central
venous pressure (CVP), urine output, etc. Such early goal-directed therapy im-
proved survival in 130 patients (with an average age of 67.1 years) randomly as-
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Table 1. The 2004 Surviving Sepsis Campaign Clinical Practice Guidelines evidence-based grading system.
Adapted from [30]

Recommendation grade

Supported by two or more large, randomized trials with unambiguous results
Supported by one large, randomized trial with unambiguous results
Supported by one or more small, randomized trials with uncertain results
Supported by one or more non-randomized trials with non-historical controls

Supported by non-randomized trials using historical controls, uncontrolled trials, case series,
and/or expert opinion

monN®w >

signed to the intervention group in a recent study [31]. Liberal amounts of intrave-
nous fluids (crystalloid or colloid) should be used during initial resuscitation. Va-
sopressor therapy with norepinephrine or dopamine may be necessary when appro-
priate fluid challenge fails to restore adequate tissue perfusion or during life-threa-
tening hypotension (Grade E). Vasopressin may be added at 0.01-0.04 units/min in-
travenously if hypotension and/or tissue hypoperfusion persists despite these mea-
sures (Grade E).

Source Control and Antibiotics

Regardless of low strength of evidence grades due to the absence of randomized,
controlled trials in this area, source control and timely antibiotic administration
are two vital components of sepsis management. Diagnostic studies directed at
identifying the source of infection should be performed without delay when possi-
ble (Grade E), and source control measures should be instituted early when necrot-
ic skin, lung, or other tissues; abscesses or empyemas; infected devices; or infected
catheters are identified (Grade E).

Empiric antibiotic therapy should be initiated within one hour of recognition of
sepsis (Grade E) after cultures have been taken from the blood and other suspected
sites of infection (Grade D). As inadequate initial antibiotic therapy is indepen-
dently associated with poor outcomes across age groups [32, 33], initial empiric
therapy should be broad, having activity against all probable pathogens (Grade D).
This is particularly important in older patients, as co-morbid illnesses, immuno-
compromised states, residence in nursing homes, repeated hospitalizations, and the
increased prevalence of intra-abdominal and soft tissue infections increase the like-
lihood of repeated antimicrobial exposure [34]. This increases the propensity of
older patients to accumulate multidrug-resistant microbial flora, necessitating a
broader spectrum of empiric antibiotics. As such, rapid reduction to monotherapy
active against causative organisms, once identified, should be the standard
approach to antibiotic therapy in older patients with sepsis [30].

The pharmacokinetics and pharmacodynamics of antimicrobial agents can be
significantly altered in older patients with sepsis due to age-related decrements in
renal function, reduced lean body mass, and shock-induced reduction in hepatic
blood flow [35]. Therefore, these patients are at high risk of experiencing adverse
effects of antibiotics [12], and clinicians must be familiar with possible side effects
and monitor for them carefully. Careful therapeutic drug monitoring is recom-
mended in the management of older patients with severe sepsis due to the rapidly
changing metabolic and hemodynamic parameters notable in severe sepsis [30, 36].
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Steroids

Replacement dose hydrocortisone is recommended in patients with refractory
shock (Grade C). Treatment with hydrocortisone (50 mg intravenous bolus every 6
hours for 7 days) and fludrocortisone improved mortality in one important study
of 300 patients with relative adrenal insufficiency and an average age of 61 years
[37]. However, the use of steroids in sepsis remains a source of controversy, as ste-
roids may result in poor glucose control, immunosuppression (at high doses), poor
wound healing, and critical illness myoneuropathy. Therefore, caution and appro-
priate dosing are imperative, and avoidance of high-dose corticosteroid therapy is
recommended (Grade A). The benefit of steroids was only seen in the subgroup of
patients with relative adrenal insufficiency - defined as <9 g/dl increase in cortisol
30 to 60 minutes post-ACTH - [37], and a subsequent study showed that total
serum cortisol can be abnormally low at the same time that free cortisol is normal
[38].

Drotrecogin Alfa (Activated)

Activated protein C is an endogenous protein with anti-inflammatory, antithrom-
botic, profibrinolytic, antiapoptotic, and endothelial regulatory effects. Recombi-
nant human activated protein C (rhAPC, drotrecogin alfa [activated], Xigris; Eli
Lilly) was evaluated in a randomized, double-blind, placebo-controlled, multicenter
trial that enrolled a high percentage of older patients. Of 850 patients randomized
to receive thAPC, 48.6% were 65 years of age or older and 24.1% were 75 years of
age or older. Treatment with rhAPC resulted in an absolute reduction in the risk of
death of 6.1%, compared with placebo (p=0.005) [39]. Additionally, planned sub-
group analysis revealed that treatment with rhAPC in the nearly 400 patients 75
years of age or more resulted in a 15.5% reduction in the absolute risk of 28-day
mortality [11]. Among older patients the incidences of serious adverse bleeding in
the rhAPC and placebo groups were 3.9% and 2.2%, respectively (p=0.34). Addi-
tionally, older and younger patients treated with rhAPC had similar rates of serious
bleeding (p=0.97) [11]. Treatment with rhAPC should be considered in patients at
high risk of death from severe sepsis regardless of their age - e.g., those with septic
shock requiring vasopressors despite fluid resuscitation, sepsis-induced acute respi-
ratory distress syndrome (ARDS) requiring mechanical ventilation, or any two sep-
sis-induced dysfunctional organs (Grade B). The drug is contraindicated in the
presence of active bleeding, with other anticoagulant drugs, platelet counts less
than 30000/ul, and in patients with other risks of uncontrollable bleeding.

Transfusion Strategies

For older patients without coronary artery disease, active hemorrhage, or ongoing tis-
sue hypoperfusion (marked by hypotension or lactic acidosis), red blood cell (RBC)
transfusion strategies should be approached conservatively, with a default hemoglo-
bin transfusion threshold of 7 mg/dl (Grade B). A large, randomized trial demon-
strated that a target hemoglobin of 7.0-9.0 g/dl resulted in no additional mortality
compared to the traditional target of 10.0 g/dl [40]. Indeed, there was a trend toward
improved outcomes in the conservatively transfused group. Of note, the patients who
were not enrolled were statistically older than those who were enrolled (p=0.04), pos-
sibly due to the high prevalence of coronary artery disease in older patients and a bias
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of physicians that such patients should not be studied. An 80 000-patient study by Wu
et al. showed that older patients with myocardial infarction had higher survival rates
when the hemoglobin was maintained at 10-11 g/dl [41].

Mechanical Ventilation

A significant proportion of older patients with severe sepsis require mechanical
ventilation. A lung-protective strategy of ventilation - utilizing low tidal volumes (6
ml/kg predicted body weight) - resulted in a significant reduction in mortality in a
randomized, controlled trial that enrolled 861 patients with acute lung injury (ALI)
or ARDS (Grade B) [42]. In the 173 patients 70 years of age or older, ventilation
with low tidal volumes resulted in an absolute risk reduction in 28-day mortality of
9.9% [43]. To reduce the risk of ventilator-associated pneumonia (VAP), mechani-
cally ventilated patients should have the head of the bed raised to 45 degrees
(Grade C) [44]. Additionally, a protocol-driven ventilator weaning strategy is prov-
en to reduce the duration of mechanical ventilation. The spontaneous breathing
trial is essential to such a strategy (Grade A), and has been found to result in a re-
duction in the duration of mechanical ventilation in randomized clinical trials [45].

Sedatives and Analgesics

Older patients are particularly at risk for anxiety, pain, and delirium, often experi-
enced by critically ill septic patients. Protocols (Grade B) utilizing a sedation goal
[46] or daily interruption of sedatives (Grade B) [47] and a standardized sedation
scale [48] have been proven to reduce the duration of mechanical ventilation. The
use of intermittent bolus sedation rather than continuous infusions (Grade B) [49]
also results in a shorter duration of mechanical ventilation.

Miscellaneous Issues

Other important aspects of the management of sepsis are applicable in older pa-
tients and should not be overlooked, including deep vein thrombosis prophylaxis
via the use of low-dose unfractionated heparin, low-molecular weight heparin, or
mechanical prophylactic devices (Grade A); H2-receptor blockers or proton pump
inhibitors to prevent stress ulcers (Grade A); and tight glucose control (Grade D).
Hyperglycemia is common in severe sepsis patients and may impair antimicrobial
defense mechanisms and worsen the pathophysiologic coagulopathy of sepsis [50].
Intensive insulin therapy with a goal of maintaining blood glucose levels between
80 and 110 mg/dL resulted in reduced mortality in a large randomized, controlled
trial [51].

End-of-Life Planning

As severe sepsis results in the death of approximately one-third of older patients,
practitioners must be prepared and equipped to provide quality end-of-life care. In
some of these cases, it may be in the patient’s best interest to withhold or withdraw
support (Grade E). Although the probability of limiting life-sustaining treatment in-
creases with advancing age [52], futility is infrequently the justification for deci-
sions to limit support [53]. Instead, the basis for such decisions is often a complex
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interaction of patient- and family-centered decision making, requiring communica-
tion within the medical team and with patients and families. In difficult situations,
the hospital ethics team may provide assistance in achieving resolution to contro-
versial decisions regarding potentially unbeneficial life-sustaining treatments [54].

I What is the Prognostic Significance of Increasing Age in Sepsis?

Multiple retrospective and prospective studies have shown increasing age to be as-
sociated with high mortality from sepsis, independent of severity of illness and co-
morbid conditions. Angus et al. reported an overall mortality from sepsis of 28.6%
while the rate among patients 85 and older was 38.4% (Fig.3) [1]. Knaus et al.
studied 58737 patients and reported that increasing age was independently asso-
ciated with a higher 28-day mortality, yet the association between increasing sever-
ity of illness and mortality appeared to be much stronger [55]. Gogos et al. pro-
spectively evaluated 139 patients with severe sepsis and reported that age was an
independent predictor of poor outcome [56].

However, other investigators have found that mortality rates for critically ill old-
er and younger patients are similar after controlling for co-morbidities and severity
of illness [32]. In a recent study of 406 patients with sepsis, age was a risk factor
for in-hospital mortality on univariate analysis, but on multivariate analysis this
association was no longer seen [33]. Multivariate analyses in studies evaluating pa-
tients with Pseudomonas bacteremia [57] and Gram-negative bacteremia [58] also
failed to show that age was independently associated with mortality due to sepsis.

As health care costs continue to rise, some have suggested that rationing of lim-
ited health care resources is inevitable and that age should be used as a criteria for
such rationing [59]. A proven association between increasing age and rising mor-
tality due to sepsis may be used by some to support such health care policy. How-
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Fig. 3. National age-specific mortality rates for all cases of severe sepsis and for those with and without
underlying co-morbidity. From [1] with permission
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ever, if the patient, family, and health care team conclude that the patient has the
right mix of baseline health, individual preference for aggressive care, and revers-
ible acute illness, the health care team should treat the patient no differently than
they do younger patients.

Data regarding post-discharge survival and quality of life after sepsis will help
determine health care policy as the population ages and the incidence of sepsis in-
creases [1]. As demonstrated in a recent sepsis trial, a high percentage of older pa-
tients who survive sepsis require nursing home care; of the 222 patients 75 years of
age and older who survived to hospital discharge, 45% were transferred to a nurs-
ing home, 11% to another hospital, and only 42% were discharged home [11].

I Conclusion

This chapter has reviewed many important differences between older and younger
patients with severe sepsis. Advanced age profoundly alters the function of the im-
mune system, accelerating the risk of infection and severe sepsis in older patients.
High rates of co-morbid illness, instrumentation, institutionalization, and malnutri-
tion further contribute to the markedly increased incidence of severe sepsis in the
elderly population. Alterations in the pathophysiology of sepsis may be responsible,
in part, for the increase in mortality due to severe sepsis associated with advanced
age. However, despite the rising incidence and significant mortality of sepsis in
older patients many elderly patients respond remarkably well to the evidence-based
diagnostic and management strategies reviewed here. Ongoing research is evaluat-
ing other promising sepsis-specific treatments. Additional studies are needed to in-
vestigate important issues such as post-discharge survival and health-related quality
of life in older patients after severe sepsis.
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