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Sepsis is a prevalent, serious medical condition with substantial mortality and a signif-
icant consumption of health-care resources. Its incidence has increased around 9%
annually in general population over the last years and specially in aged patients group.
Several risk factors such as comorbidities, preadmission status, malnutrition, frailty, and
an impared function in the immune system called immunosenescence are involved in
the higher predisposition to sepsis in the elderly patients. Immunosenescence status
consists in a functional impairment in both cell-mediated immunity and humoral immune
responses and increases not only the risk for develop sepsis but also lead to more severe
presentation of infection and may be is also related with a higher mortality. There is a also
a concern about to admit patients in the intensive care units taking into account that the
outcome of elderly patients is poorer compared to younger people. Nevertheless, the
management of septic elderly patients does not differ substantially from younger people.
In addition, the quality of life in septic elderly survivors is also lower than in younger
people. But age, as alone factor, should not be used to determine treatment options
because the poorer outcomes is thought to be due to the increased comorbidities and
frailty in this group of patients.
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INTRODUCTION

Sepsis is a frequent condition in critically ill patients and is associated with a substantial increase in
health-care resources consumption. The number of cases of sepsis rose by an average of 9% per year.
The increase in the incidence of sepsis has been also accompanied by an increase in sepsis-related
mortality despite actual decreases in mortality rates among hospitalized patients. On the other hand,
the rapidly increased life expectancy in developed countries makes to understand the different char-
acteristics of severe sepsis in older patients a clinical priority and a challenge for clinicians.

For years, there has been a steady increase in the percentage of people older than 60 years as com-
pared to the total population. In the 1950s, they accounted for only 8% of the population, increasing
to 10% in 2000, and estimated to reach 21% by 2050 (1). Over the next few decades, the population
aged over 80 years will double. In 2050, octogenarians will account for 9.6% of the total population
in Europe and 9% in North America (2). One of the problems arising from population aging is an
increased incidence and severity of diseases, such as sepsis both in the forms of community-acquired
and hospital-acquired, as compared to the younger counterparts (3).

Older persons are more prone to infections due to the effects of aging, comorbidities, use of
invasive devices, and factors associated with institutionalization. It has been shown that around
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40-50% of all cases of bacteremia occur in older patients (4, 5).
In addition, the incidence and mortality of severe sepsis in older
patients has increased progressively to achieve a rate of 26.2 cases
per 1,000 persons, with a 38.4% mortality rate in patients older
than 85 years (3).

This increment in the incidence of severe sepsis in aging people
has been reflected in the demographic changes of bed allocation
in intensive care units (ICUs), where, at present, older patients
represent around two-thirds of occupations (6). This situation
will further increase over the forthcoming years as well as the
amount of health-care resources required by these patients.

According to the World Health Organization definition, the
segment of elderly people can be divided into young patients (less
than 65 years), young elderly (aged 65-85 years), and old elderly
(over 85 years) (7). It is well known that old elderly patients (over
or 85 years) is a high-risk population due to their frailty and
associated morbidity (8).

Moreover, there is a concern about the fate of very old patients
admitted to the ICU, taking into account that the outcome
of young elderly and old elderly ICU patients is usually worse
than that of younger patients independently of the underlying
diagnosis. Thus, important questions regarding suitability of ICU
admission, treatment, and quality of life in this group of patients
still remain unanswered.

In this review, we focus on risk factors, age-related patho-
physiologic mechanisms, and immunologic events that impair
host antimicrobial defenses in elderly patients with septic shock.
We also discuss recent findings regarding the clinical impact,
therapeutic strategies, and prognosis in older patients with sepsis.

RISK FACTORS

There are several risk factors predisposing elderly patients to an
increased incidence of sepsis.

Comorbidities and Previous Disorders
Comorbidities and previous disorders as renal and pulmonary
diseases are usually present in association with an increased
susceptibility to sepsis, but these comorbidities alone are not suf-
ficient for causing infection, and other factors, such as treatment
with various drugs or recurrent hospitalizations are necessary to
compromise immunity in old patients (9).

Preadmission Status

Preadmission status is as important as comorbidities and has
even been shown to be an independent predictor of outcome
in the elderly (10). The main alterations in functional status
include disuse atrophy from an inactive lifestyle, sarcopenia from
accelerated muscle loss, changes in responsiveness to trophic
hormones (growth hormones, androgens, and estrogens), neuro-
logical alterations, altered cytokine regulation, changes in protein
metabolism, and changes in dietary intake (6).

Malnutrition

Malnutrition is also common in the old patient. The fact that
olfactory discrimination is reduced by age causes an impair in
different tastes and produces less pleasure for food, contributing

to the lack of appetite. The nutritional condition of older people
can be influenced by several factors such as little physical activ-
ity, few resources, motion problems, social isolation, inadequate
diet, chronic conditions, cognitive impairment, mood disorders,
teething issues, use of too many medicines, and alcohol or sub-
stance abuse (6, 9).

Drugs

It is necessary to improve our knowledge regarding how aging
affects the absorption, hepatic metabolism, and response to drugs.
Pharmacokinetics of drugs is altered in older persons, which may
result in an increase in potential drug interactions usually due to
the high number of medications taken, rather than to age (11).

Intestinal Microbiota

Gastrointestinal balance is affected by age. Physiologic age-
related changes are due to modification in diet, lifestyle, and
reduction of functionality of the immune system. Therefore,
these impairments in intestinal microbiota could be principal
actors of distinctive conditions of the elderly patient, such as
frailty, immunosenescence, metabolic syndrome, diabetes, and
sarcopenia. The gastrointestinal tract contains the most complex
bacterial ecosystem of the human body and the genome of this
intestinal microbiota (microbiome) is made up of more than 100
times the number of genes in the human genome. In summary,
changes related to age in intestinal microbiota contribute to the
pathophysiologic processes causing malnutrition, empowering
inflammatory status, and susceptibility to infection. However, the
gut microbiota composition of elderly people is still uncertain, so
we need more studies to complete it, as well as more research of
new possible treatment strategies such as pro/prebiotics, which
could be a useful support in individual nutritional strategies to
improve or preserve elderly population’s health (12).

Immunosenescence

The innate immune system is damaged, so it is easier for patho-
gens to access the organism. Indeed, there is enough evidence of
T- and B-cell dysfunction in aging people.

PATHOPHYSIOLOGY

Aging is unavoidable in humans; it is a polygenic process deter-
mined genetically on the one hand and intimately related to
exogenous factors influencing each of the individuals throughout
their life (13, 14). The steady accumulation of somatic mutations
during an individual’s life results in a decreased capacity of cell
regeneration, cell repair, and an altered function of the immune
system.

The immune cells are constantly renewed from the hemat-
opoietic stem cells, and in elderly subjects, both the proliferative
capacity and the number of these immune cells are decreased
due to progressive telomere shortening, resulting in an immune
dysfunction over the years, which is known as immunosenes-
cence (15).

This state of immunosenescence predisposes to the risk for the
development of sepsis and also causes alterations in the body’s
response leading to a more severe presentation of infection.
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Immunosenescence in the Elderly

There are functional impairments in both cell-mediated immunity
and humoral immune responses with age. The thymus, which is
involved in adaptive cell-mediated immunity, atrophies with age
and by 60 years causes less activity in the T-cell repertoire from
naive T-cells to memory T-cells.

Macrophages present functional alterations, as decreased
antigen processing and expression to T-cells, reduced bactericidal
activity and altered expression and function of toll-like receptors.
Furthermore, others cells involved in innate immunity like neutro-
phils and natural killer (NK) cells are also impaired causing reduced
recognition and destruction of infected cells (13-24) (Table 1).

Effects of Age on Innate Immunity

The main cells of the innate immune system and the soluble
mediators (cytokines, hormones, and free radicals) are both well
preserved in the elderly, even at extreme ages. However, there are
biochemical and cell function alterations facilitating infection.
It has been shown that plasma levels of interleukin (IL)-6 and
IL-1 and tumor necrosis factor (TNF) are elevated in the elderly
population. This represents a state of constant stimulation of the
immune system and, therefore, a continuous subclinical inflam-
matory state, which would explain the progression and develop-
ment of many pathologic processes in the elderly (15, 16).

This inflammatory cellular microenvironment also causes
changes in cell differentiation and behavior of antigen-presenting
cells. In fact, IL-10, the function of which is to suppress cell-
mediated immunity, is increased in older healthy individuals

TABLE 1 | Immunosenescence.

Innate immunity
(15-17, 22, 37,
43, 46)

Decreased function of macrophages (chemotaxis,
phagocytosis, apopotosis, TLR expression, and cytokine
production)

Decreased function of neutrophils (chemotaxis,
phagocytosis, signal transduction, and apoptosis)
Decreased function in dendritic cells (antigen presentation,
chemotaxis, and endocytosis)

Decreased in phagocytic capacity

Decreased sensitivity to IFN and growth hormone
Decreased production of TNF-a and IL-6

Increased production of IL-10

Decreased sensitivity to G-CSF

Decreased expression of TLRs

Increased number of NK cells

Decline in NK cell function

Circulating inmature neutrophils

T-cells (17, 19, 20, Decreased naive cells

23-25, 40, 43, Decrease naive CD4 function
44, 46) Decrease naive CD8 function
Decreased type 1 cytokine response
Increased type 2 cytokine response
Decreased function of mitogen-activated protein kinases
B-cells (17, 18, Decrease in the number of B-cells
44, 46) Reduced antibody affinity

Decreased response to neoantigens
Increased level of antibodies
Hypogammaglobulinemia

TLR, toll-like receptor; IFN, interferon; TNF, tumor necrosis factor; IL, interleukin;, G-CSF,
granulocyte colony-stimulating factor; NK, natural killer.

(23-25). Despite these changes in functionality, normal values
of leukocytes, total lymphocytes, and B- and T-lymphocyte sub-
populations have been reported in observational studies. Many
differences in cell parameters are found among studies, with the
largest differences in the CD4/CD8 ratio (26).

A more prolonged proinflammatory response has been gener-
ally observed in elderly patients than in young people. A reduc-
tion in clearance of microbial pathogens could be involved in this
response. In addition, impairment in the attenuation of signaling
by counterregulatory cytokines may play a role.

This persistent inflammation could induce an exhaustion of
T-cells, which may be associated with a reduction in survival in
the elderly probably due to an increase in the susceptibility to sec-
ondary infections (27). Among innate immune cells, neutrophils
both in the number of these cells and their precursors in the bone
marrow are preserved in the elderly (26-32).

By contrast, the number of monocytes and macrophages in
peripheral blood in elderly subjects are similar to younger peo-
ple, but a significant decrease in macrophage precursors in the
bone marrow has been found (32). Several studies have shown a
decreased function of these cells in relation to age. A reduction
of the phagocytic ability of neutrophils has been observed and
this low neutrophil response is particularly important in the
susceptibility to pathogens, such as Staphylococcus aureus, seen
in older people (15, 29).

In addition, impairment in superoxide generation and an
increase in the apoptosis in neutrophils from elderly patients
after antigen stimulation have been observed (33). A reduction of
intracellular calcium flux and a decline in glycosylation patterns
of intracellular proteins has been found in activated neutrophils
from elderly patients (7, 34, 35).

Moreover, it has been observed a reduction in the macrophages
function with a decrease in the levels of the major histocompat-
ibility complex type II (MHC II) molecules, which results in a
decreased response of CD4 histocompatibility. Also, there is an
increase in the synthesis of prostaglandin E2 that stimulates the
production of cytokines by T-lymphocytes and the long-term
reconversion of T-lymphocytes type 1 helper into type 2 helper
(34, 36) (Figure 1).

On the other hand, NK cells also play an important role in
innate immunity. Impairment in elderly have been observed
in several studies indicating that the number of NK cells that
increases with age may be due to a compensatory response to
a relative loss of the lytic activity (33, 36-40). However, their
cytotoxic capacity decreases. In fact, it has been observed that
NK cells have a decreased production and response to interferon
gamma (IFN-y) and chemokines after stimulation with IL-2 or
IL-12 (34, 36, 37).

Effects of Age on the Adaptive Immune System

The adaptive immune system is represented by T- and
B-lymphocytes. T-lymphocytes mature in the thymus, and this
process occurs mainly in early childhood until involution of the
gland by the age of 60. The phenomenon of decreased thymo-
poiesis produces a dramatic reduction of naive T-lymphocytes
and although levels remain adequate for years, decreases are
particularly relevant over 70 years of age (36, 39) (Figure 2).
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Thymic involution causes a decrease in the production of CD4
and CD8 lymphocytes leading to a poorer response to neoanti-
gens exposure affecting the adaptive immune system when faced
to systemic bacterial infections (40).

One of the reasons for the decrease of the adaptive immune
response observed in older people is caused by the accumula-
tion of effector T-cells with functional alterations resulting in a
reduction in either cell receptors or IL-2. In addition, an increase
of memory T-cells leading to an increase in the production of
cytokines has been reported (33).

In older people, there is a state of chronic inflammation caused
by an increase of IL-6 and TNF-a levels, resulting in an increased
sensitivity of CD4 and CD8 cells to induced apoptosis by TNF-a.
Also, there is an inverted CD4/CD8 ratio, which may be associ-
ated with an increased mortality in these age groups (38, 41, 42).

The CD4/CD8 ratio is used as a marker of both immunose-
nescence and immune activation. It has been also considered a
mechanism of immune defense and repair. The normal range of
the CD4/CDS8 ratio is between 0.9 and 1.9 in the HIV-negative
population (43). In elderly patients, most studies have shown an
increase of CD4/CD8 ratio with age due to CD8 decrease, with
a normal range between 1.6 and 2.2 (26). Moreover, in nonage-
narian patients, there are differences in comparison to younger
elderly, with an increase of CD4/CD8 ratio in an important
percentage of patients (44).

In the humoral immune system, significant changes in rela-
tion to advanced age are also noticed. Plasma B-cells gradually
decrease; however, elevated levels of circulating immunoglobulins
especially those derived from polyspecific antibody-producing B
lymphocyte cells with low affinity for antigens are seen. Many
of these antibodies react as autoimmune antibodies. Moreover,
the production of highly specific antibodies produced by
B-lymphocytes after contact with T-cells is reduced due to lack of
function of such cells (37).

All these defects contribute to reduce the response of the
adaptive immune system to pathogens, with an increased risk
for developing systemic infections, such as sepsis, and also to an
impaired and reduced vaccine response. In order to investigate
the effects of aging on humoral immune response, some studies
have analyzed Ig heavy-chain transcript sequences in both young
and elderly populations before and after vaccination. Elderly
patients generally showed a worse and less diversified response
than younger people that may indicate the negative effect of age
on the functionality of B-cells (45).

Immunosenescence affects both innate and adaptive immu-
nity, and this is reflected in specific T-cell marks such as an
inverse CD4/CDS8 ratio, loss of naive T-cells, increased numbers
of terminally differentiated T-cells, and a reduction in the func-
tion of NK cells, leading to a decreased response to vaccination in
the elderly. Accordingly, it is important to develop new strategies
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(new adjuvants, dose and booster adaptation, and immunization
routes) and protocols to improve vaccine responses, making them
more effective to prevent infectious diseases and infection-related
morbidity and mortality (46).

Coagulation

Advanced age is associated with a procoagulable state. Different
studies have shown an increase in coagulation factors and
thrombin-antithrombin complexes in healthy older patients as
compared to healthy younger age subjects. Elevated plasminogen
activator inhibitor-type I levels has also been observed. This leads
to an increased risk of thrombosis and decreased clearance of
circulating fibrin (31, 41).

DIAGNOSIS

The diagnosis of sepsis is challenging and likely to be missed if not
anticipated. Early signs and symptom may go unnoticed, while
later clinical presentation can be very severe with very rapid
progression to septic shock. In fact, the classical manifestations
of systemic inflammatory response syndrome may be minimally
present.

In elderly septic patients, febrile response could be blunted in
up to 47% of cases, but other unusual or non-specific signs, such
as weakness, malaise, delirium, confusion, loss of appetite, falls,
or urinary incontinence may be present (41).

In many cases, establishing a prompt and correct diagnosis
is further complicated by a lack of cooperation in the frail,
dehydrated, debilitated, and cognitively impaired patient, which
is a common situation in aging population. It is well known that
speed in establishing an accurate diagnosis and implementation
of rapid and effective resuscitation treatment are essential factors
for optimizing survival rates. However, diagnosing sepsis is not
always straightforward, particularly in the elderly patient who
often have complex ongoing disease processes.

The optimal diagnosis of infection and sepsis in all patients
is based on clinical signs and symptoms. Biologic laboratory
markers (biomarkers), such as white blood cell count, C-reactive
protein, procalcitonin, cytokine levels, and (to some extent)
coagulation markers can potentially be used to assess prognosis
and development of organ dysfunction, as well as to guide anti-
microbial treatment and evaluation of response.

Recently, new definitions of sepsis aimed to facilitate and
accelerate the recognition of patients at risk of developing sepsis
have been proposed. Original concepts of sepsis were focused
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on inflammation response, but new definitions underline the
pathobiology mechanisms of the disease. This approach helps
stratifying patients at risk of sepsis not only for intensivists but
also for other clinicians who may be less familiarized with this
type of patients (47).

In this new perspective, sepsis is defined as a life-threatening
organ dysfunction caused by a dysregulated host response to
infection. We need to identify infected patients most likely to
develop sepsis as soon as possible, and sequential organ failure
assessment (SOFA) is the score most commonly used in the ICU
setting. An elevated SOFA score is associated with an increased
risk of mortality. Although this score is not useful for the man-
agement of patients, it is a valuable indicator to characterize
septic patients. The quick SOFA score based on high respiratory
rate (>22 beats/min), low systolic blood pressure (<100 mm
Hg), or altered mentation (Glasgow coma scale <15) is useful
to suspect infection in patients who are at greater risk for a poor
outcome (47).

In elderly patients, the most common source of sepsis is the
respiratory tract followed by genitourinary infections, but, in
general, the sites of infection are similar to patients of other age
groups, involving the respiratory, urinary, and gastrointestinal
systems as well as the skin and soft tissues (9, 48, 49).

Also, elderly patients are at increased risk of infections caused
by multidrug-resistant organisms not only due to immunosenes-
cence but also because of a greater exposure to institutionalization
and an increased early use of broad-spectrum antibiotics, which
may select more virulent and resistant strains (48, 49).

Some studies found an increased rate of methicillin-resistant
S. aureus and vancomycin-resistant Enterococci as causative
organism of sepsis in older patients. Also, the incidence of
extended-spectrum P-lactamase producing Klebsiella spp. has
been found to be higher among patients older than 65 years and
younger than 14 years (9, 48, 49).

MANAGEMENT

The “Surviving Sepsis Campaign: International Guidelines for
Management of Sepsis and Septic Shock” should be followed for
the general care of elderly patients with severe sepsis and septic
shock with the same aim of rapid initial management, including
the 3- and 6-h reanimation bundles, and all measures proposed
regarding hemodynamic monitoring, mechanical ventilation
strategies, infection source control, fluid therapy, and nutrition
(6, 48). On the other hand, a few specific considerations for the
elderly septic patient should be taken into account.

In the elderly septic patient, it is mandatory to maintain an
adequate preload in order to increase the cardiac output. However,
aging patients usually have diastolic dysfunction, so that over-
zealous fluid administration can be problematic. Dobutamine,
which can be used to improve tissue perfusion could produce
different effects because of a relative resistance observed in the
elderly patient and the arrhythmogenic response, in particular,
in patients with cardiac ischemic disease (9, 48).

In relation to blood transfusion, a hemoglobin target of 7-9 g/
dL, the same than in young adults should be attained. However,
we should be alert in patients with low central venous oxygen

saturation and ischemic myocardiopathy, which may be frequent
in advanced age, because the protocol contradicts the early goal-
directed resuscitation that targets a hematocrit of 30%.

The differences in pharmacokinetic and pharmacodynamic
parameters such as reduced renal function make us to adjust the
dosage of antibiotics as well as to consider an increased frequency
of antimicrobial-related adverse effects in the elderly. In addition,
older patients may be more susceptible to adverse drug events
than younger patients (29, 50, 51).

Levosimendan is a calcium-sensitizing drug with inotropic
and vasodilator properties to treat decompensated heart
failure (52). Comparing with dobutamine, levosimendan use
in patients with septic shock has shown improvements in
hemodynamic variables (microcirculatory flow (53), renal, and
hepatic function) (54). Results of a meta-analysis support the
use of levosimendan in patients with sepsis but only 125 patients
in total had been treated (55). However, data regarding the use
of levosimendan in the elderly group are scarce. In a recent
randomized controlled trial, levosimendan as standard therapy
in a septic shock has not shown any improvement in survival or
organ dysfunction (56).

The influence of age on the effect of the vasopressor agents has
been recently examined in the study of Biston et al. (51) showing
that the doses of vasopressor and adrenergic agents were similar
independently of age and, therefore, interaction between age and
vasopressor agents has no significant effect on outcome.

There is controversy with the use of steroids for septic shock,
despite the fact that adrenal insufficiency is common in patients
with advanced age.

In the Surviving Sepsis Campaign, due to scarce evidence of
the lack of effectiveness and serious adverse effects of steroids,
including hyperglycemia, immunosuppression, and exacerbation
of myoneuropathy, low dose of intravenous hydrocortisone is
only recommended in patients in which arterial blood pressure
cannot be totally restored with fluid resuscitation and vasopressor
therapy (29, 30, 51).

Furthermore, adequate management of sepsis and septic
shock in the elderly requires supportive therapy including
adequate nutrition, ulcer and deep venous thrombosis prophy-
laxis, and ventilatory support when necessary. Recent studies
have documented that older patients are treated less aggressively
than their younger counterparts, particularly those >85 years
old (51).

It has generally been argued that aged patients have a signifi-
cantly shorter life span and that survivors become more depend-
ent and require more social and economical support than other
age groups (57). However, in the study of Biston et al. (51) of a
cohort of patients with mixed circulatory shock, old patients who
survived had a good quality of life a few years after the event.

In the last decades, therapeutic modulation trying to attenu-
ate aberrant immune response during sepsis has been attempted
without success (58). Based on evidence that pro- and anti-
inflammatory response are mounted simultaneously in septic
patients (59), new therapeutic strategies have focused to restore
homeostasis of the immune system and boosting immunity to
control infection rather than inhibition of the inflammatory
response (58-60).
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It is important to underline the greater emphasis made
on the dysregulated immune response in the last definition of
sepsis. Two therapeutic approaches are recently proposed for the
modulation of the aberrant immune response to sepsis (Table 2).
The extracorporeal blood purification therapies, including
convection-based strategies such as high-volume hemofiltration,
high cutoft membrane, hemoperfusion with different adsorbents
like polymyxin-B or Cytosorb™, and coupled plasma filtra-
tion adsorption could potentially have a positive impact in the
immune response, despite the effects on removing inflammatory
and anti-inflammatory cytokines through a modification of the
phenotype and function of immune cells (61). Nevertheless, the
efficacy regarding improvement of survival has not yet been
elucidated and more clinical studies are needed (61, 62).

The second approach is based on reboosting the immune
system (63). Recent studies have shown that HLA-DR expression
could be useful in predicting infections and death by identification
whether or not a patient with sepsis is in the immunosuppressive
phase of the disease. Investigations in this line take relevance
when establishing the use of immunomodulatory therapies,
and it is possible that some patients may benefit from inhibition
immune system response but, on the other hand, other patients
could benefit from stimulation of the immune system (58). In
this context, monocyte HLA-DR expression could be an optimal
marker to determine the most adequate treatment option (59). In
this respect, novel therapeutic strategies for severe sepsis and sep-
tic shock are currently considered to try to moderate the damage
caused by innate immune response in endothelial tissues, and,
therefore, to prevent secondary infections o reactivation latent
viruses. The use of thymosin alpha 1 has shown very promising
results inducing T-cells and dendritic cells maturation and was
associated with lower mortality in septic patients (64).

Recombinant human IL-7 demonstrated the ability to restore
normal lymphocyte functions, CD4 and CD8 T-lymphocyte pro-
liferation, IFN-y production, or induction of B-cells after stimula-
tion (65). It has been reported that the administration of IFN-y
to septic patients can restore monocyte HLA-DR expression with
the result in clearance of sepsis (66). Additionally, it has been also
demonstrated that IFN-y partially reversed immunoparalysis by
attenuating the reduction of TNF-a (67). The use of drugs to
increase the number of neutrophils has been also investigated but
with limited results. Clinical trials found no evidence supporting
the use of granulocyte colony-stimulating factor or granulocity
macrophage colony-stimulating factor therapy in reducing mor-
tality rate of septic patients (68). Treatment with the IL-1 block-
ing agent anakinra has recently showed good results improving
survival of patients with organ dysfunction (69).

Therapies with intravenous immunoglobulins have not proven
effective in sepsis. The differences in the composition, timing
of administration of immunoglobulin in addition to a lack of
knowledge of the mechanisms of action could be responsible for
the different results obtained in the clinical trials (63, 70).

PROGNOSIS AND OUTCOME

Elderly patients with severe sepsis and septic shock have high
mortality rates of around 50-60%. The mortality rate due to
severe sepsis in elderly patients is 1.3-1.5 times higher than in
younger cohorts. A number of factors independently associated
with death have been identified in critically ill patients, includ-
ing preinfectious immune or genetic status, nosocomial events,
comorbidities, severity of illness, age >75 years, and impaired
level of consciousness (51, 71). Hospital mortality rates are also
higher in frail than in non-frail patients.

TABLE 2 | Immunomodulatory therapies in the septic patient.

Immune Thymosin alpha-1 Recombinant human
therapies (59, interleukin (IL)-7
60, 63-70)

Granulocyte colony-stimulating  Interferon gamma (IFN-y)  Anakinra
factor and granulocity
macrophage colony-

Exogenous
immunoglobulins

stimulating factor

Produces T-cell and
DC maturation and
decrease all causes
of mortality in septic
patients

Possible effect Improves lymphocyte

functionality (CD4 and CD8
T-lymphocyte proliferations,
IFN-y production, or B-cell

induction)

Decrease Lymphocyte
apoptosis
Increases IFN-y secretion

Increase neutrophil counts

in blood but limited results in
sepsis. Improves myelopoeisis
and granulopoiesis

Augments T-cell responses

Restores expression of Blocks Antibacterial effect,
HLA-DR in monocytes interleukin-1, immunomodulation
in all patients. Limited improving therapy but not
the reduction in the LPS.  survival of evidence of benefit
Induced tumor necrosis  patients with  demonstrated in
factor (TNF)-a response  sepsis sepsis

Reduces infection and
related complications

Extracorporeal  Continuos veno- Hemofiltration/conventional
blood venous hemodialysis  hemofilter

purification with high cutoff

systems (60-62) dialyzer membranes

(no modality (HCO)

confers survival

advantage)

Hemoperfusion

Coupled plasma filtration
adsorption

Weaker elimination of TNF-a.
eliminate INF-a, IL-B, More efficient in removing
IL-2, and IL-6, IL-10, soluble receptor for IL-1
IL-12 compared to continuous HD

Possible effect  Effective way to

Restore HLA-Dr expression on  Remove inflammatory
monocytes. Adsorb activated
leukocytes and to remove
circulating cytokines

mediators
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Data regarding subsequent survival and quality of life after
severe sepsis are limited, especially in the elderly who usually
have a poorer functional outcome. The long-term prognosis is
mainly dependent on previous functional status rather than on
severity of illness at ICU admission (72-75).

It has been suggested that baseline physical function and frailty
status could aid in prognosis and informed decision-making for
very old critically ill patients (76). The severity of acute disease on
admission can also influence in-hospital mortality and mortality
after discharge in patients aged 80 or over altering greatly physical
function of long-term hospital survivors (77-80).

It has been shown that elderly ICU survivors has a poorer
quality of life prior to ICU admission than younger people, and
although it could improve after hospital discharge, the quality of
life remains lower than that of the general population (78, 79).

In a Canadian cohort study of 610 patients aged 80 years
or older who where admitted in the ICU, only 26% of them
survived and returned to baseline levels of physical function at
1 year (73). In this study, as lower were age, APACHE II score,
Charlson comorbidity index, and frailty index, the physical
recovery was greater. Also, the baseline physical function score
and the specific diagnoses on admission were associated with
recovery (73).

Some recent studies observed that advanced age alone is not
a predictive negative factor for the success of surgical and ICU
interventions, although associated comorbidities could decrease
the likelihood of survival at discharge in all age groups (73,
75-77). It is also known that unplanned admissions to the ICU in
elderly patients are associated with poorer outcomes as compared
to planned admissions (71, 78).

It has been estimated that up to 29.6% of very patients were
refused for ICU treatment, showing a significantly higher sur-
vival in ICU-admitted octogenarians than for patients who were
considered too ill or old for ICU admission (71-77).

CONCLUSION

Management of sepsis is a frequent ICU challenge, with sub-
stantial mortality and a significant consumption of health-care
resources. It is estimated that the number of cases of severe
sepsis will grow at a rate of 1.5% per year, with a proportional
increase in the group of patients with advanced age. The increased
incidence of sepsis in elderly people is associated with a number

REFERENCES

1. Rusinova K, Guidet B. Are you sure it’s about ‘age’? Intensive Care Med (2014)
40:114-6. doi:10.1007/s00134-013-3147-x

2. Angus DC, Linde-ZwirblE WT, Lidicker ], Clermont G, Carcillo J, Pinsky
MR. Epidemiology of severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med (2001) 29:1303-10.
doi:10.1097/00003246-200107000-00002

3. Vardi M, Ghanem-Zoubi NO, Bitterman H, Abo-Helo N, Yuring V, Weber G,
etal. Sepsis in nonagenarians admitted to internal medicine departments: a com-
parative study of outcome. Q/M (2013) 106:261-6. doi:10.1093/qjmed/hcs221

4. Gavazzi G, Krause KH. Ageing and infection. Lancet Infect Dis (2002)
2:659-66. doi:10.1016/5S1473-3099(02)00437-1

of predisposing factors, including comorbid diseases, preadmis-
sion status, malnutrition, frailty, and an impaired function of
the immune system (the so-called immunosenescence). The
immunosenescence status increases both the risk for sepsis and
a more severe presentation of infection and is probably related
with a poor outcome.

Different studies have shown that older people have a higher
mortality in association with severe sepsis, but it is important
for clinicians to consider separately the general prognosis of a
population of older patients and the prognosis of the individual
patient. Age as a single factor predicts the length of stay in the
ICU, but should not be used either to estimate the outcome or to
determine treatment options for individual patients, given that
the increased mortality observed in older patients with severe
sepsis is thought to be due to the increased comorbidities among
this group.

Differences in treatment decisions regarding the use of more
aggressive treatment based only on age without considering other
prognostic factors could lead an important number of older
patients to prevent from the benefit from such treatment. On the
other hand, although survival is the most important outcome,
the quality of life of survivors is also relevant. New therapeutic
approaches trying to handle aberrant immune responses like
immunomodulatory therapies are emerging and may be the
future in the management of infection, particularly in older
patients. A better immunologic characterization of the patient is
a cornerstone to get a better modulatory therapy of the immune
response.

Elderly population will increase in the forthcoming years, so
it is a priority for clinicians, especially intensivists, to understand
the extent of the problem, socially and economically, and to assess
therapeutic challenges and outcomes from a more efficient and
effective way.

AUTHOR CONTRIBUTIONS

All authors contributed equally to the conception and design of
the study and to the drafting of the article.

ACKNOWLEDGMENTS

The authors thank Marta Pulido, MD, for editing the manuscript
and editorial assistance.

5. Aspinall R, Del Giudice G, Effros RB, Grubeck-Loebenstein B, Sambhara
S. Challenges for vaccination in the elderly. Immun Ageing (2007) 4:9.
doi:10.1186/1742-4933-4-9

6. Destarac LA, Wesley E. Sepsis in older patients: an emerging concern in
critical care. Adv Sepsis (2002) 2:15-22.

7. World Health Organization (WHO). Definition of an Older or Elderly Person.
(2011). Available from: http://www.who.int/healthinfo/survey/ageingdef-
nolder/en/index.html

8. Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations:
the challenges ahead. Lancet (2009) 374:1196-208. doi:10.1016/S0140-
6736(09)61460-4

9. Nasa P, Juneja D, Singh O. Severe sepsis and septic shock in the elderly. World
J Crit Care (2012) 1:23-30. doi:10.5492/wjccm.v1.i1.23

Frontiers in Medicine | www.frontiersin.org

February 2017 | Volume 4 | Article 20


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1007/s00134-013-3147-x
https://doi.org/10.1097/00003246-200107000-00002
https://doi.org/10.1093/qjmed/hcs221
https://doi.org/10.1016/S1473-3099(02)00437-1
https://doi.org/10.1186/1742-4933-4-9
http://www.who.int/healthinfo/survey/ageingdefnolder/en/index.html
http://www.who.int/healthinfo/survey/ageingdefnolder/en/index.html
https://doi.org/10.1016/S0140-
6736(09)61460-4
https://doi.org/10.1016/S0140-
6736(09)61460-4
https://doi.org/10.5492/wjccm.v1.i1.23

Martin et al.

Sepsis and Immunosenescence in the Elderly Patient: A Review

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Vosylius S, Sipylaite J, Ivaskevicius J. Determinants of outcome in elderly
patients admitted to the intensive care unit. Age Ageing (2005) 34:157-62.
doi:10.1093/ageing/afi037

Peden CJ, Grocott MPW. National research strategies: what outcomes are
important in peri-operative elderly care? Anaesthesia (2014) 69(Suppl 1):61-9.
doi:10.1111/anae.12491

Biagi E, Candela M, Fairweather-Tait S, Franceschi C, Brigidi P. Ageing of
the human metaorganism: the microbial counterpart. Age (Dordr) (2012)
34:247-67. d0i:10.1007/s11357-011-9217-5

Wenisch C, Patruta S, Daxbock E, Krause R, Horl W. Effect of age on human
neutrophil function. J Leukoc Biol (2000) 67:40-5.

Opal SM, Girard TD, Wesley E. Inmunopathogenesis of sepsis in the elderly.
Clin Infect Dis (2005) 41(Suppl 7):5504-10. doi:10.1086/432007

Weiskopf D, Weinberger B, Grubeck-Loebenstein B. The aging of the
immune system. Transpl Int (2009) 22:1041-50. doi:10.1111/j.1432-2277.
2009.00927.x

Plowden ], Renshaw-Hoelscher M, Engleman C, Katz J, Sambhara S. Innate
immunity in aging: impact on macrophage function. Aging Cell (2004)
3:161-7. doi:10.1111/.1474-9728.2004.00102.x

De Gaudio AR, Rinaldi S, Chelazzi C, Borracci T. Pathophysiology of sepsis in
the elderly: clinical impact and therapeutic considerations. Curr Drug Targets
(2009) 10:60-70. doi:10.2174/138945009787122879

Kogut I, Scholz JL, Cancro MP, Cambier JC. B cell maintenance and function
in aging. Semin Immunol (2012) 24:342-9. doi:10.1016/j.smim.2012.04.004
Goronzy J], Li G, Yu M, Weyand CM. Signaling pathways in aged T cells — a
reflection of T cell differentiation, cell senescence and host environment.
Semin Immunol (2012) 24:365-72. doi:10.1016/j.smim.2012.04.003
Nikolich-Zugich J, Li G, Uhrlaub JL, Renkema KR, Smithey MJ. Age-related
changes in CD8 T cell homeostasis and immunity to infection. Semin Immunol
(2012) 24:356-64. doi:10.1016/j.smim.2012.04

Solana R, Tarazona R, Gayoso I, Lesur O, Dupuis G, Fulop T. Innate immu-
nosenescence: effect of aging on cells and receptors of the innate immune sys-
tem in humans. Semin Immunol (2012) 24:331-41. doi:10.1016/j.smim.2012.
04.008

Haynes L, Swain SL. Aged-related shifts in T cell homeostasis lead to intrinsic
T cell defects. Semin Immunol (2012) 24:350-5. doi:10.1016/j.smim.2012.
04.001

Pfister G, Weiskopf D, Lazuardi L, Kovaiou RD, Cioca DP, Keller M, et al.
Naive T cells in the elderly: are they still there? Ann N Y Acad Sci (2006)
1067:152-7. doi:10.1196/annals.1354.018

Kohler S, Wagner U, Pierer M, Kimgmi S, Oppmann B, Méwes B. Post-thymic
in vivo proliferation of naive CD4+ T cells constrains the TCR repertoire
in healthy human adults. Eur J Immunol (2005) 35:1987-94. doi:10.1002/
€ji.200526181

Rink I, Cakman I, Kirehner H. Altered cytokine production in the elderly.
Mech Ageing Dev (1998) 102:199-209. doi:10.1016/S0047-6374(97)00153-X
Lazaro del Nogal M, Fernandez Pérez C, Figueredo Delgado MA, Gémez de
la Concha E, Ribera Casado JM. Basal immunological parameters in a group
of retirees. Rev Clin Esp (2003) 203:417-22.

Inoue S, Suzuki K, Komori Y, Morishita Y, Suzuki-Utsunomiya K, Hozumi
K, et al. Persistent inflammation and T cell exhaustion in severe sepsis in the
elderly. Crit Care (2014) 18:R130. doi:10.1186/cc13941

Lerner A, Yamada T, Miller RA. Pgp-1hi T lymphocytes accumulate with
age in mice and respond poorly to concanavalin A. Eur ] Immunol (1998)
19:977-82. doi:10.1002/¢ji. 1830190604

Levinsky NG, Yu W, Ash A, Moskowitz M, Gazelle G, Saynina O, et al.
Influence of age on Medicare expenditures and medical care in the last year of
life. JAMA (2001) 286:1349-55. doi:10.1001/jama.286.11.1349

Annane D. Cortisol replacement for severe sepsis and septic shock: what
should I do? Crit Care (2002) 6:190-1. doi:10.1186/cc1486

Cohen HJ, Harris T, Pieper CF. Coagulation and activation of inflammatory
pathways in the development of functional decline and mortality in the elderly.
Am ] Med (2003) 114:180-7. doi:10.1016/S0002-9343(02)01484-5

Butcher S, Chahel H, Lord JM. Review article: ageing and the neu-
trophil: no appetite for Kkilling? Immunology (2000) 100:411-6.
doi:10.1046/j.1365-2567.2000.00079.x

Plackett TP, Boehmer ED, Faunce DE, Kovacs EJ. Aging and innate immune
cells. J Leukoc Biol (2004) 76:291-9. doi:10.1189/j1b.1103592

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Grubeck-Loebenstein B, Wick G. The aging of the immune system. Adv
Immunol (2002) 80:243-84. doi:10.1016/S0065-2776(02)80017-7

Haynes L, Eaton SM, Swain SL. Effect of age on naive CD4 responses: impact on
effector generation and memory development. Springer Semin Immunopathol
(2002) 24:53-60. doi:10.1007/s00281-001-0095-2

Chen J. Senescence and functional failure in hematopoietic stem cells. Exp
Hematol (2004) 32:1025-32. doi:10.1016/j.exphem.2004.08.001

Miyaji C, Watanabe H, Toma H, Akisaka M, Tomiyama K, Sato Y,
et al. Functional alteration of granulocytes, NK cells, and natural killer
T cells in centenarians. Hum Immunol (2000) 61:908-16. doi:10.1016/
S0198-8859(00)00153-1

Solana R, Mariani E. NK and NK/T cells in human senescence. Vaccine (2000)
18:1613-20. doi:10.1016/50264-410X(99)00495-8

Ginaldi M, De Martinis M, D’Ostilio A, Marini L, Loreto MF, Quaglino D.
The immune system in the elderly: III. Innate immunity. Imunol Res (1999)
20:117-26.

Fagnoni FE, Vescovini R, Passeri G, Bologna G, Pedrazzoni M, Lavagetto G,
et al. Shortage of circulating naive CD8(+) T cells provides new insights on
immunodeficiency in aging. Blood (2000) 95:2860-8.

Franceschi C, Bonafe M, Valensin S, Olivieri E De Luca M, Ottaviani E, et al.
Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N'Y
Acad Sci (2000) 908:244-54. doi:10.1111/§.1749-6632.2000.tb06651.x
Huppert FA, Pinto EM, Morgan K, Bryan C. Survival in population sample
is predicted by proportion of lymphocytes subsets. Mech Ageing Dev (2003)
124:449-51. doi:10.1016/S0047-6374(03)00021-6

Lu W, Mehraj V, Vyboh K, Cao W, Li T, Routy JP. CD4:CD8 ratio as a frontier
marker for clinical outcome, immune dysfunction and viral reservoir size
in virologically suppressed HIV-positive patients. JInt AIDS Soc (2015)
18:20052. doi:10.7448/IAS.18.1.20052

Formiga E Vidaller A, Mestrey M, Pujol R. Basal immunological param-
eters in nonagenarian patients. Rev Clin Esp (2005) 205:95-6. doi:10.1157/
13072508

de Bourcy CE Angel CJ, Vollmers C, Dekker CL, Davis MM, Quake SR.
Phylogenetic analysis of the human antibody repertoire reveals quantitative
signatures of immune senescence and aging. Proc Natl Acad Sci U S A (2017)
114:1105-10. doi:10.1073/pnas. 1617959114

Pera A, Camposa C, Lopez N, Hassouneh E Alonso C, Tarazona R, et al.
Immunosenescence: implications for response to infection and vaccination
in older people. Maturitas (2015) 82:50-5. doi:10.1016/j.maturitas.2015.
05.004

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The Third International Consensus definitions for sepsis
and septic shock (sepsis-3). JAMA (2016) 315:801-10. doi:10.1001/jama.
2016.0287

Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld LA, Pike F, et al.
A randomized trial of protocol-based care for early septic shock. N Engl ] Med
(2014) 370:1683-93. doi:10.1056/NEJMoa1401602

Retamar P, Lopez-Prieto MD, Rodriguez-Lopez E de Cueto M, Garcia MV,
Gonzalez-Galan V, et al. Predictors of early mortality in very early patient with
bacteremia: a prospective multicentre cohort. Int ] Infect Dis (2014) 26:83-8.
doi:10.1016/j.ijid.2014.04.029

Corsonello A, Pranno L, Garasto S, Fabietti P, Bustacchini S, Lattanzio E.
Potentially inappropriate medication in elderly hospitalized patients. Drugs
Aging (2009) 26(Suppl 1):31-9. doi:10.2165/11534640-000000000-00000
Biston P, Aldecoa C, Devriendt J, Madl C, Chochrad D, Vincent JL, et al.
Outcome of elderly patients with circulatory failure. Intensive Care Med (2014)
40:50-6. d0i:10.1007/s00134-013-3121-7

Nieminen MS, Fruhwald S, Heunks LM, Suominen PK, Gordon AC, Kiviko
M, et al. Levosimendan: current data, clinical use and future development.
Heart Lung Vessel (2013) 5:227-45.

Morelli A, Donati A, Ertmer C, Rehberg S, Lange M, Orecchioni A, et al.
Levosimendan for resuscitating the microcirculation in patients with septic
shock: a randomized controlled study. Crit Care (2010) 14:R232. doi:10.1186/
€c9387

Morelli A, De Castro S, Teboul JL, Singer M, Rocco M, Conti G, et al.
Effects of levosimendan on systemic and regional hemodynamics in septic
myocardial depression. Intensive Care Med (2005) 31:638-44. doi:10.1007/
500134-005-2619-z

Frontiers in Medicine | www.frontiersin.org

February 2017 | Volume 4 | Article 20


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1093/ageing/afi037
https://doi.org/10.1111/anae.12491
https://doi.org/10.1007/s11357-011-9217-5
https://doi.org/10.1086/432007
https://doi.org/10.1111/j.1432-2277.
2009.00927.x
https://doi.org/10.1111/j.1432-2277.
2009.00927.x
https://doi.org/10.1111/j.1474-9728.2004.00102.x
https://doi.org/10.2174/138945009787122879
https://doi.org/10.1016/j.smim.2012.04.004
https://doi.org/10.1016/j.smim.2012.04.003
https://doi.org/10.1016/j.smim.2012.04
https://doi.org/10.1016/j.smim.2012.
04.008
https://doi.org/10.1016/j.smim.2012.
04.008
https://doi.org/10.1016/j.smim.2012.
04.001
https://doi.org/10.1016/j.smim.2012.
04.001
https://doi.org/10.1196/annals.1354.018
https://doi.org/10.1002/eji.200526181
https://doi.org/10.1002/eji.200526181
https://doi.org/10.1016/S0047-6374(97)00153-X
https://doi.org/10.1186/cc13941
https://doi.org/10.1002/eji.1830190604
https://doi.org/10.1001/jama.286.11.1349
https://doi.org/10.1186/cc1486
https://doi.org/10.1016/S0002-9343(02)01484-5
https://doi.org/10.1046/j.1365-2567.2000.00079.x
https://doi.org/10.1189/jlb.1103592
https://doi.org/10.1016/S0065-2776(02)80017-7
https://doi.org/10.1007/s00281-001-0095-2
https://doi.org/10.1016/j.exphem.2004.08.001
https://doi.org/10.1016/S0198-8859(00)00153-1
https://doi.org/10.1016/S0198-8859(00)00153-1
https://doi.org/10.1016/S0264-410X(99)00495-8
https://doi.org/10.1111/j.1749-6632.2000.tb06651.x
https://doi.org/10.1016/S0047-6374(03)00021-6
https://doi.org/10.7448/IAS.18.1.20052
https://doi.org/10.1157/
13072508
https://doi.org/10.1157/
13072508
https://doi.org/10.1073/pnas.1617959114
https://doi.org/10.1016/j.maturitas.2015.
05.004
https://doi.org/10.1016/j.maturitas.2015.
05.004
https://doi.org/10.1001/jama.
2016.0287
https://doi.org/10.1001/jama.
2016.0287
https://doi.org/10.1056/NEJMoa1401602
https://doi.org/10.1016/j.ijid.2014.04.029
https://doi.org/10.2165/11534640-000000000-00000
https://doi.org/10.1007/s00134-013-3121-7
https://doi.org/10.1186/cc9387
https://doi.org/10.1186/cc9387
https://doi.org/10.1007/s00134-005-2619-z
https://doi.org/10.1007/s00134-005-2619-z

Martin et al.

Sepsis and Immunosenescence in the Elderly Patient: A Review

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Zangrillo A, Putzu A, Monaco F, Oriani A, Frau G, De Luca M, et al.
Levosimendan reduces mortality in patients with severe sepsis and septic
shock: a meta-analysis of randomized trials. J Crit Care (2015) 30:908-13.
doi:10.1016/j.jcrc.2015.05.017

Gordon AC, Perkins GD, Singer M, McAuley DF, Orme RM, Santhakumaran
S, et al. Levosimendan for the prevention of acute organ dysfunction in sepsis.
N Engl ] Med (2016) 375:1638-48. doi:10.1056/NEJMoal609409

Nathanson BH, Higgins TL, Brennan MJ, Kramer AA, Stark M, Teres D. Do
elderly patients fare well in the ICU? Chest (2011) 139:825-31. doi:10.1378/
chest.10-1233

Delano MJ, Ward PA. Sepsis-induced immune dysfunction: can immune
therapies reduce mortality? ] Clin Invest (2016) 126:23-31. doi:10.1172/
JCI82224

Pickkers P, Kox M. Towards precision medicine for sepsis patients. Crit Care
(2017) 21:11. doi:10.1186/513054-016-1583-z

Rimmelé T, Payen D, Cantaluppi V, Marshall ], Gomez H, Gomez A, et al.
Immune cell phenotype and function in sepsis. Shock (2016) 45:282-91.
doi:10.1097/SHK.0000000000000495

Hara Y, Shimomura Y, Nakamura T, Kuriyama N, Yamashita C, Kato Y, et al.
Novel blood purification system for regulating excessive immune reactions in
severe sepsis and septic shock: an ex vivo pilot study. Ther Apher Dial (2015)
19:308-15. doi:10.1111/1744-9987.12338

Kade G, Lubas A, Rzeszotarska A, Korsak J, Niemczyk S. Effectiveness of high
cut-off hemofilters in the removal of selected cytokines in patients during
septic shock accompanied by acute kidney injury-preliminary study. Med Sci
Monit (2016) 22:4338-44. doi:10.12659/MSM.896819

Bermejo-Martin JE, Andaluz-Ojeda D, Almansa R, Gandia F, Gomez-Herreras
JI, Gomez-Sanchez E, et al. Defining immunological dysfunction in sepsis: a
requisite tool for precision medicine. ] Infect (2016) 72:525-36. doi:10.1016/
j.jinf.2016.01.010

Li C, Bo L, Lui K, Jin E Thymosin alphal based immunomodulatory therapy
for sepsis: a systematic review and meta-analysis. Int J Infect Dis (2015)
33:90-6. doi:10.1016/}.ijid.2014.12.032

Venet E, Foray AP, Villars-Méchin A, Malcus C, Poitevin-Later E, Lepape A,
et al. IL-7 restores lymphocyte functions in septic patients. J Immunol (2012)
189:5073-81. doi:10.4049/jimmunol.1202062

Docke WD, Randow F Syrbe U, Krausch D, Asadullah K, Reinke P, et al.
Monocyte deactivation in septic patients: restoration by IFN-gamma treat-
ment. Nat Med (1997) 3:678-81. doi:10.1038/nm0697-678

Leentjens J, Kox M, Koch RM, Preijers F, Joosten LA, van der Hoeven JG, et al.
Reversal of immunoparalysis in humans in vivo: a double-blind, placebo-con-
trolled, randomized pilot study. Am J Respir Crit Care Med (2012) 186:838-45.
doi:10.1164/rccm.201204-06450C

Bo L, Wang E Zhu J, Li ], Deng X. Granulocyte-colony stimulating factor
(G-CSF) and granulocyte-macrophage colony stimulating factor (GM-CSF)
for sepsis: a meta-analysis. Crit Care (2011) 15:R58. doi:10.1186/cc10031
Shakoory B, Carcillo JA, Chatham WW, Amdur RL, Zhao H, Dinarello
CA, et al. Interleukin-1 receptor blockade is associated with reduced mor-
tality in sepsis patients with features of macrophage activation syndrome:

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

reanalysis of a prior phase III trial. Crit Care Med (2016) 44:275-81.
doi:10.1097/CCM.0000000000001402

Shankar-Hari M, Culshaw N, Post B, Tamayo E, Andaluz-Ojeda D, Bermejo-
Martin JE et al. Endogenous IgG hypogammaglobulinaemia in critically ill
adults with sepsis: systematic review and meta-analysis. Intensive Care Med
(2015) 41:1393-401. doi:10.1007/s00134-015-3845-7

Roch A, Wiramus S, Pauly V, Forel JM, Guervilly C, Gainnier M, et al. Long-
term outcome in medical patients aged 80 or over following admission to an
intensive care unit. Crit Care (2011) 15:R36. d0i:10.1186/cc9984

Nguyen YL, Angus DC, Boumendil A, Guidet B. The challenge of admit-
ting the very elderly to intensive care. Ann Intensive Care (2011) 1:29.
doi:10.1186/2110-5820-1-29

Heyland DK, Garland A, Bagshaw SM, Cook D, Rockwood K, Stelfox HT, et al.
Recovery after critical illness in patients aged 80 years or older: a multi-center
prospective observational cohort study. Intensive Care Med (2015) 41:1911-20.
doi:10.1007/s00134-015-4028-2

Andersen FH, Flaatten H, Klepstad P, Follestad T, Strand K, Kriiger AJ, et al.
Long-term outcomes after ICU admission triage in octogenarians. Crit Care
Med (2016). doi:10.1097/CCM.0000000000002098

Flaatten H, Garrouste-Orgeas M. The very old ICU patient: a never-ending
story. Intensive Care Med (2015) 41:1996-8. doi:10.1007/s00134-015-4052-2
Flaatten H, Reinikainen M. Severity scoring, outcome prediction and mor-
tality endpoints in intensive care. Acta Anaesthesiol Scand (2015) 59:819-21.
doi:10.1111/aas.12553

Andersen FH, Flaatten H, Klepstad P, Romild U, Kvale R. Long-term survival
and quality of life after intensive care for patients 80 years of age or older. Ann
Intensive Care (2015) 5:53. d0i:10.1186/s13613-015-0053-0

Dowdy DW, Eid MP, Sedrakyan A, Mendez-Tellez PA, Pronovost PJ, Herridge
MS, et al. Quality of life in adult survivors of critical illness: a systematic
review of the literature. Intensive Care Med (2005) 31:611-20. d0i:10.1007/
s00134-005-2592-6

Lindemark F, Haaland @A, Kvéle R, Flaatten H, Johansson KA. Age, risk,
and life expectancy in Norwegian intensive care: a registry-based population
modelling study. PLoS One (2015) 10:e0125907. doi:10.1371/journal.pone.
0125907

Heyland D, Cook D, Bagshaw SM, Garland A, Stelfox HT, Mehta S, et al.
The very elderly admitted to ICU: a quality finish? Crit Care Med (2015)
43:1352-60. doi:10.1097/CCM.0000000000001024

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2017 Martin, Pérez and Aldecoa. This is an open-access article distrib-
uted under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

10

February 2017 | Volume 4 | Article 20


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
https://doi.org/10.1016/j.jcrc.2015.05.017
https://doi.org/10.1056/NEJMoa1609409
https://doi.org/10.1378/chest.10-1233
https://doi.org/10.1378/chest.10-1233
https://doi.org/10.1172/
JCI82224
https://doi.org/10.1172/
JCI82224
https://doi.org/10.1186/s13054-016-1583-z
https://doi.org/10.1097/SHK.0000000000000495
https://doi.org/10.1111/1744-9987.12338
https://doi.org/10.12659/MSM.896819
https://doi.org/10.1016/
j.jinf.2016.01.010
https://doi.org/10.1016/
j.jinf.2016.01.010
https://doi.org/10.1016/j.ijid.2014.12.032
https://doi.org/10.4049/jimmunol.1202062
https://doi.org/10.1038/nm0697-678
https://doi.org/10.1164/rccm.201204-0645OC
https://doi.org/10.1186/cc10031
https://doi.org/10.1097/CCM.0000000000001402
https://doi.org/10.1007/s00134-015-3845-7
https://doi.org/10.1186/cc9984
https://doi.org/10.1186/2110-5820-1-29
https://doi.org/10.1007/s00134-015-4028-2
https://doi.org/10.1097/CCM.0000000000002098
https://doi.org/10.1007/s00134-015-4052-2
https://doi.org/10.1111/aas.12553
https://doi.org/10.1186/s13613-015-0053-0
https://doi.org/10.1007/s00134-005-2592-6
https://doi.org/10.1007/s00134-005-2592-6
https://doi.org/10.1371/journal.pone.
0125907
https://doi.org/10.1371/journal.pone.
0125907
https://doi.org/10.1097/CCM.0000000000001024
http://creativecommons.org/licenses/by/4.0/

	Sepsis and Immunosenescence in the Elderly Patient: A Review
	Introduction
	Risk Factors
	Comorbidities and Previous Disorders
	Preadmission Status
	Malnutrition
	Drugs
	Intestinal Microbiota
	Immunosenescence

	Pathophysiology
	Immunosenescence in the Elderly
	Effects of Age on Innate Immunity
	Effects of Age on the Adaptive Immune System
	Coagulation


	Diagnosis
	Management
	Prognosis and Outcome
	Conclusion
	Author Contributions
	Acknowledgments
	References


