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Abstract

Sepsis is a potentially life-threatening condition that poses diag-
nostic challenges, particularly in the older population. Clinical man-
ifestations of sepsis in these individuals can be blurred and atypical,
making detection and diagnosis difficult. Common symptoms such
as fever may be absent; conversely, older patients may present with
atypical signs such as delirium, altered mental status, falls, weak-
ness, and urinary incontinence. This can lead to delayed diagnosis,
which increases the risk of rapid progression to septic shock. To
improve diagnostic accuracy, various laboratory biomarkers and
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clinical scores have been developed, such as the Sequential (Sepsis-
related) Organ Failure Assessment Score (SOFA-score), quick
SOFA (qSOFA), and geriatric-qSOFA. These tools aid in identify-
ing sepsis and predicting mortality risk promptly. In terms of treat-
ment, early intervention is crucial. Maintaining adequate tissue per-
fusion (“fluid resuscitation™), appropriate antibiotic therapy, and
eventually vasopressor support are key components of sepsis man-
agement in older adults. Additionally, in frail and comorbid patients,
priority must be given to supportive care aimed at enhancing quality
of life. Tailored therapeutic interventions are crucial to improving
outcomes in this vulnerable population.

Introduction

The Third International Consensus Definitions for Sepsis and
Septic Shock defined sepsis as a life-threatening organ dysfunction
caused by a deregulated host response to infection.! Septic shock is
a form of sepsis characterized by persisting hypotension requiring
vasopressors to maintain mean arterial pressure (MAP) equal to or
greater than 65 mmHg and increased serum lactate (greater than 2
mmol/L) despite adequate volume resuscitation. The aim of this
review is to discuss general issues of sepsis and to highlight speci-
ficities of the disease in older patients.

Epidemiology

Sepsis is one of the most frequent causes of hospitalization and
a major cause of death in aged patients. It accounts for 20% of glob-
al deaths and is responsible for a high rate of morbidity, as those
who survive frequently show long-term physical and cognitive
impairment.> Rowe et al. showed that sepsis is a predictor of mor-
tality upon admission to the intensive care unit (ICU).? In fact, the
mortality rate in older adults admitted to the ICU was 1.8 times
higher than in those admitted without sepsis.* Moreover, the mortal-
ity rate due to sepsis in old patients is 1.3-1.5 times higher than in
younger patients, probably caused by elevated lactate levels, multi-
organ failure such as respiratory and cardiac failure, and a longer
length of stay.* Sepsis incidence is expected to rise according to the
increase in the aged population and its impact on public health will
be increasingly greater.’

Pathophysiology

The pathogenesis is multifactorial, extremely complex, and not
yet completely clear.® It is characterized by an imbalance between
pro- and anti-inflammatory mechanisms, leading to circulatory and
metabolic dysfunction. The excessive inflammatory response sec-
ondary to bloodstream infection (BSI) leads to dysfunction of the
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vascular endothelium, loss of barrier integrity, uncontrolled activa-
tion of the coagulation cascade with microvascular thrombosis and
tissue hypoperfusion, reduced tissue oxygenation, and subsequent
organ failure. Vascular endothelial injury seems to be the major
mechanism for the development of sepsis and multiorgan dysfunc-
tion. The endothelium plays an important role in regulating vascular
tone, permeability, and the coagulation cascade, and its dysfunction
can lead to microvascular thrombosis, disseminated intravascular
coagulation, hypotension, and decreased tissue oxygenation. This
leads to a humoral response and neuroendocrine abnormalities char-
acterized by the overproduction of counter-regulatory hormones
(cortisol, catecholamines, and glucagon) with the release of circulat-
ing metabolic substrates, followed by a “shut-down” of cell metab-
olism.” The loss of mitochondrial function with the accumulation of
free oxygen radicals and the hyperproduction of lactic acid con-
tribute to multi-organ dysfunction.®

Brain dysfunction: sepsis-associated brain dysfunction is a typi-
cal manifestation of sepsis due to direct neuronal damage by micro-
bial agents and bacterial endotoxins, blood-brain barrier impairment
with the presence of cytokines and pro-inflammatory factors, altered
cerebral perfusion, endothelial vasculopathy, oxidative stress, and
mitochondrial dysfunction.®!!

Cardiomyopathy: sepsis-induced cardiomyopathy is a conse-
quence of hemodynamic stress and systemic inflammation that
induces myocardial inflammation and microvascular dysfunction,
leading to secondary heart failure.'?

Myopathy: sepsis-induced myopathy is characterized by skeletal
muscle weakness and atrophy, leading to failure to wean from a ven-
tilator in critically ill patients. It is correlated with an increased risk
of mortality and ICU length of stay. It is due to electrophysiological
(muscle excitability) and histopathological (mitochondrial dysfunc-
tion, increased protein breakdown, inability to regenerate damaged
or dysfunctional myofibers) abnormalities of the muscle.'?

The organism’s specific response to pathogenic noxa, however,
depends on both the microorganism’s own characteristics (pathogen
load and microbial pathogenesis) and the patient’s characteristics
(genetic predisposition, comorbidity, innate immune response). The
increases in pro-thrombotic factors (VIII, IX coagulation factors,
fibrinogen) and pro-inflammatory cytokines that are associated with
aging contribute to increased thrombotic risk and cell damage sec-
ondary to infection.'"* In particular, a crucial role is played by
immunosenescence, which consists of the gradual decline of the
immune system (especially T-cell function) and the persistent low-
grade inflammation that is typical of older persons (“inflammag-
ing”)."” Hence, the greater susceptibility and vulnerability of the old
patient to sepsis. In this population, the shared common pathway
between sepsis, aging, and inflammation, with a crucial function of
neutrophilic aging, is the basis for the disruption of inflammatory
burden, with the risk of persistent, recurring, secondary, and nosoco-
mial infections, rates of hospital re-admissions and mortality.'¢

Diagnostic difficulties of sepsis in older people

Special attention may be made to avoid misdiagnosis of sepsis
in older adults.

Clinical manifestations

Older patients often have multimorbidity and frailty, which
makes the clinical picture of sepsis even more complex. The clini-
cal manifestations of sepsis, especially in frail old individuals, may
be blurred and atypical. The absence of fever, a peculiar sign of
infection, is very common. Conversely, uncommon symptoms and

[Geriatric Care 2024; 10:11709]

press

N

signs such as delirium, altered mental status, dizziness, falls,
anorexia, loss of appetite, weakness, and urinary incontinence may
be present in the early stage of sepsis. Because of this aspecific
pattern, the diagnosis and subsequent therapeutic approach may be
delayed, increasing the risk of rapid progression to septic shock.!”
Moreover, not only can the risk of infection in older adults be
increased by the presence of common comorbidities (i.e., conges-
tive heart failure, diabetes mellitus, chronic kidney disease, malig-
nancies, and chronic obstructive lung diseases), but these can also
alter the clinical pattern.

The unspecificity of presentations of sepsis in older patients
makes a wide and personalized approach mandatory. In this context,
the role of frailty appears relevant as it is associated with worse clin-
ical outcomes, including mortality and home discharge.'® Hence, a
multidimensional approach, including frailty assessment (i.e., adopt-
ing Clinical Frailty Scale) may be useful for a patient-tailored
approach.'

Laboratory exams and biomarkers

Cultural examination of blood fluids may be administered
according to the source of infection. Antibiograms are the key to the
adaptation of antimicrobic therapy, as discussed below.

Regarding biochemical biomarkers, C-reactive protein (CRP),
procalcitonin (PCT), presepsin, pentraxin, and interleukin (IL)-6 are
some of the most studied sepsis laboratory biomarkers. More recent-
ly discovered biomarkers of glycocalyx damage and endothelial
activation, such as syndecane and endocane, have been associated
with clinical outcomes, including mortality, and can be used to guide
treatment protocols.?*?! CRP is an acute phase reactant secreted by
hepatocytes, rising in any inflammatory response in response to
pathogen or tissue damage. Due to its baseline increased value in
aging-related disorders, it loses specificity in the older population.?

PCT is the precursor of calcitonin produced by thyroid C cells,
whose plasmatic levels increase rapidly during bacterial infections.?
PCT levels >2 ng/mL suggest a systemic bacterial infection;?* higher
levels are generally observed in Gram-negative BSI rather than
Gram-positive or candidemia.? In the literature, PCT is considered
a marker to guide antimicrobial treatment, and multiple serial PCT
measurements are proposed to reduce antibiotic exposure.?>?” PCT
determination should not be used alone in older patients,”® but it
should be considered along with other biomarkers and according to
clinical and microbiological assessment.?>3* In a comprehensive
geriatric assessment-based instrument, such as the Multidimensional
Prognostic Index (MPI), the combination of PCT levels has
increased the powerfulness of MPI in predicting mortality in older
patients with community-acquired pneumonia (CAP).3!

Other inflammatory markers can be considered in confirming
the suspicion of sepsis. Presepsin, which is released from mono-
cytes, presents higher levels proportionally to the severity of sep-
sis.’? Adrenomedullin and pro-adrenomedullin are used for prognos-
tication in septic patients with CAP and are associated with
increased mortality in septic patients.>** Soluble urokinase-type
plasminogen activator receptor increases during inflammation,
although it is inferior to PCT in differentiating non-infective SIRS.3
In a recent retrospective study, serum levels of IL-6, IL-7, IL-15, and
tumor necrosis factor-o were significantly higher in the non-survival
group in aged patients with sepsis.®

Nonetheless, serum analysis and molecular diagnostic tech-
niques are expensive, labor-intensive, resource-demanding, and
time-consuming and require skilled personnel. In contrast, the
microarray technique can identify microbes through surface-immo-
bilized DNA and RNA probes.’” However, the performance of bio-
markers may be different in older patients. Therefore, a comprehen-

OPEN 8ACCESS



press

N

sive geriatric assessment associated with clinical judgment is always
necessary.*®

Scores

Clinical scores have been implemented to guide diagnostic sus-
picion and to evaluate prognosis in sepsis. The Sequential (Sepsis-
related) Organ Failure Assessment (SOFA) Score represents the
most validated tool. It grades the presence of respiratory, cardiovas-
cular (MAP), neurological [Glasgow Coma Scale (GCS)], renal
(creatinine serum level, renal output), hepatic (bilirubin serum
level), and hematological (platelet count) dysfunction (Table 1). A
score above 2 indicates an increased risk of mortality in a hospital-
ized population with suspected infection by approximately 10%.
Quick SOFA (qSOFA) has recently been developed as a screening
tool to obtain an even more timely diagnosis. It is based on only
three variables: changes in pressure, consciousness, and respiratory
rate. It is easy to perform and does not require the use of laboratory
tests. Although its sensitivity is relatively low, a score greater than or
equal to 2 should raise clinical suspicion of sepsis.’*® A variant of
qSOFA is the geriatric-qSOFA, which appears more sensitive in pre-
dicting short-term mortality in hospitalized older patients with sepsis
by assessing the presence of delirium according to the Diagnostic
and Statistical Manual of Mental Disorders — 5% edition criteria other
than GCS assessment (Table 2).4

Clinical scores present some limits and controversies. The use of
platelet count in SOFA could not provide a full picture of coagulopa-
thy. Similarly, the assessment of central nervous system function
could be difficult in some patients, particularly those receiving
mechanical ventilation. Delta SOFA alone has a poor discriminating
ability between survivors and non-survivors.*!

A negative qSOFA screen with laboratory signs of multi-organ
failure should not deviate clinicians from the suspicion of sepsis. In
older patients, the predictive value of the qSOFA has been little stud-
ied, mainly in ICU wards,* with the performance of qSOFA score
changing across studies. Nevertheless, in a population of aged
patients admitted to an intermediate care unit, SOFA and qSOFA
showed relatively high negative predictive values for the risk of in-
hospital death.** In a 90+ age group, qgSOFA> 2 and BSI originating

Table 1. Sequential Sepsis-related Organ Failure Assessment Score.
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outside the urinary tract (intra-abdominal or respiratory tract) were
strong independent predictors of in-hospital mortality, as were
thrombocytopenia, inappropriate antibiotics, and hospital-acquired
infection.*

In any case, since these scores include measures of organ dys-
function, in old patients, they may be an epiphenomenon of exacer-
bation of pre-existing (potentially underdiagnosed) comorbidities,
predicting deaths due to the latter and not for the sepsis itself.** Thus,
the identification of frailty and comorbidities remains a key point in
the diagnosis and management of sepsis in older adults.*

Management and treatment

Treatment for sepsis should begin as soon as possible. Two are
the cornerstones: fluids and antimicrobial therapy.

For what concerns fluids, the mainstay of treatment is the main-
tenance of adequate tissue perfusion with a MAP of 65 mmHg or
higher, and in some cases, 70-75 mmHg, especially in patients with
known hypertension. Infusion of crystalloid fluids with a minimum
of 30 mL/kg within the first 3 hours is indicated, ensuring that the
volume load does not precipitate diastolic cardiac dysfunction.*’** In
the case of large fluid infusions, the use of albumin may be consid-
ered, although there is no evidence that its use has an impact on sur-
vival within 90 days.* In hypotension refractory to intravenous fluid
therapy, the first-line treatment is the use of vasopressors with nor-
epinephrine, and vasopressin infusion may be associated with it.
There is less evidence regarding the administration of dopamine,
which has only been recommended at low dosages (not exceeding 5
v/kg).*

As for antimicrobial therapy, empirical broad-spectrum antibiot-
ic therapy should be administered promptly, preferably within the
first hour or, in any case, within the first 3 hours of diagnosis. The
choice of the first-line antibiotic therapy depends on the source of
infection (respiratory tract infections, urinary tract infections, and
bacteremia account for more than 80% of the causes of sepsis) and
consequently on the pathogens most frequently responsible, accord-
ing to local epidemiology (Staphylococci, Streptococci, and
Pseudomonas for airway infections, and Escherichia coli, Proteus,
Klebsiella, Enterobacter for urinary infections) and clinical risk fac-

0 1 2 3 4
P/F >400 <400 <300 <200%* <100*
Platelets >150 <150 <100 <50 <20
Bilirubin <1.2 1.2-1.9 2.0-5.9 6-11.9 >12
MAP >70 <70 Dopamine <5** Dopamine 5.1-15 or E**<0.1 Dopamine >15 or epinephrine** >0.1
or dobutamine or norepinephrine** <0.1 or norepinephrine >0.1
GCS 15 13-14 10-12 06-09 <6
Creatinine <1.2 1.2-1.9 2.0-3.4 3.5-49 >5.0
Urine output <500 <200

P/F, PaO,/FiO, ratio; MAP, maintain mean arterial pressure; GCS, Glasgow Coma Scale;*with respitatory support; **dopamine, dobutamine, epinephrine (E), norepinephrine.

Table 2. Geriatric quick-Sequential Sepsis-related Organ Failure Assessment Score.

Hypotension SBP>100 mmHg 0 SBP<100 mmHg 1
Tachypnea R/R<22 breaths per min 0 R/R>22 breaths per min 1
Mental status Absence of delirium 0 Presence of delirium 1

Range score: 0-3. SBP, systolic blood pressure; R/R, respiratory rate.
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tors.>! As soon as any antibiogram on cultural examination may be
disposable, antibiotic therapy has to be reconsidered to make it tar-
geted toward the etiological agent of infection. Efforts may be made
to reduce antimicrobic resistance, which is frequent in older patients.
In this sense, an approach aimed at antimicrobial stewardship pro-
motes the appropriate use of antibiotic drugs.>

Treatment should be personalized according to the patient’s
characteristics and comorbidities. For example, concerning frequent
concomitant adrenal insufficiency in older adults, corticosteroids
may be considered for those unresponsive to the above-mentioned
treatments. Transfusions are indicated with hemoglobin values of 7-
8 g/dL. Fluids should be tailored considering the state of hemody-
namic compensation, as in the case of pre-existing heart failure.
Potential drug interactions should also be considered.

Any treatment needs to be periodically reassessed depending
on clinical, laboratory, and microbiological data. In frail and
comorbid patients with reduced chances of recovery and reduced
life expectancy, it is necessary to consider the proportionality of
care, avoid aggressive and invasive treatments, and focus on sup-
portive care aimed at improving the residual quality of life.
Decisions need to be made in agreement with the patient’s family
members, who are involved in the entire decision-making and care
process of illness."”

Conclusions

Sepsis represents a life-threatening condition that is time-depen-
dent and requires the appropriate clinical evaluation and targeted
therapeutic intervention in older patients right from hospital admis-
sion. While clinical scores can help guide promptly to diagnosis, a
global evaluation of older patients, in terms of comprehensive geri-
atric assessment, remains crucial for the correct interpretation of
symptoms and patient-tailored standard of care.
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