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ABSTRACT

Systemic inflammatory response syndrome (SIRS) is a frequent and serious problem faced by clinicians in day to day
practice and is a major factor of intensive care morbidity and mortality. The American College of Chest Physicians and the
American Society of Critical Care Medicine in 1991 published definitions and criteria for systemic inflammatory response
syndrome. Since then many researches have been undertaken to better understand the pathophysiology of systemic
inflammatory response syndrome and to determine the accuracy of its diagnostic criteria. The criteria set by the 1991
consensus is still popularly used today. However, with the current knowledge on this matter many researchers have put
forward the need of refinement in the criteria of systemic inflammatory response syndrome defined by 1991 consensus.
This article aims to review the epidemiology, etiology, pathophysiology, laboratory diagnosis, treatment and the current
views regarding SIRS.
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INTRODUCTION

Systemic inflammatory response syndrome popularly known
as SIRS accounts for a major factor of intensive care morbidity
and mortality. In earlier days, there was a lot of debate and
confusion regarding the definition of sepsis, SIRS and multi-
organ dysfunction syndrome (MODS) which necessitated the
formulation of a conceptual and practical guideline. In 1991,
the American College of Chest Physicians and the American
Society of Critical Care Medicine published definitions and
criteria for SIRS and sepsis. They set a diagnostic criterion for
SIRS (Table 1) and described it as systemic inflammatory
process irrespective of the cause and when SIRS was caused
due to a confirmed infectious process, it was termed as sepsis.

Table 1.Criteria for SIRS'

Temperature >38° or <36° C (rectal temperature)

>90 beats / minute
>20 / minute or PaCO, <4.3 kPa

>12x10°/1 or<4x10°/1 or>10% immature forms (bands)

Tachycardia

Respiratory rate
WBC count

Presence of two or more of the above features qualifies for SIRS.

This committee left the discussion open for refinement of the
criteria after further research in the future, however the
referred criteria is still equally popular but being debated in the
present day. '

Many studies have been carried out since then to evaluate the
prognostic and predictive accuracy of the criteria set by the
1991 consensus. These studies have led to arguments
regarding the overly sensitive nature of the definition of SIRS,
with most patients in the intensive care unit meeting the
criteria, and lack of clinical specificity in the diagnostic
criteria.” This has led some researchers to put forward the need
ofarevised definition for SIRS.’

This article intends to review the epidemiology, etiology,
pathophysiology, laboratory diagnosis, treatment and the
current views regarding SIRS.

EPIDEMIOLOGY

The incidence of SIRS is high globally, although the exact
incidence of it is not known due to the lack of specificity of its
definition. One of the largest epidemiologic study on SIRS
and sepsis carried out in the United states of America over a
period of 22 years from 1979 to 2000 showed the average age
of development of sepsis increasing over time with a mean
increase of 3.5 years. It showed that sepsis was more common
in males than in females and developed in later ages in
females." A Brazilian study also showed males developed
sepsis more than females and the respiratory tract was the most
common source of infection.” Study in Nepal had similar

findings with sepsis being common in males and the most
common source of infection was also the respiratory system.’

The prevalence of SIRS was higher in intensive care unit
patients and trauma patients had a higher risk of development
of SIRS.™ The outcome of management was related to age,
with poor outcome in elderly population, immune
competence, associated co-morbidities, number of organs
impaired, success of therapy and progression of disease to
MODS in the individual. **’

ETIOLOGY

It was initially presumed that only infectious conditions were
responsible for the development of SIRS as the body's
response to microbial products, such as 'pathogen-associated
molecular patterns' (PAMPs). However, it did not explain the
development of SIRS in patients with no infection and hence,
theories held intestinal bacterial translocation as the cause of
SIRS in these cases."” It was only in the late 1980s that
researchers fully realized that SIRS could occur in the absence
of'an obvious source of infection. Subsequent studies revealed
an endogenous 'damage- associated molecular pattern'
(DAMPs) as the activator of the innate immunity and since
then many other endogenous factors have been identified
which contribute to the development of SIRS."' The process of
SIRS is initiated through an immune system trigger which
includes infectious and non-infectious conditions, surgical
procedures, trauma, drugs and therapies."

PATHOPHYSIOLOGY

Irrespective of the etiology, SIRS follows a common final
pathophysiology. Bone et al' proposed three stages of SIRS.
(Table 2)

Table 2. Stages of SIRS'

Stage I | Cytokines are released which promote wound repair and recruitment of

phagocytes directed at pathogen.

Stage Il | Cytokines released in small amounts into the circulation to improve local
response whi ch increase the stimulation of growth factors and recruitment of
macrophages and platelets. Acute phase response is well regulated by a decrease

in pro-inflammatory mediators and attempts to restore homeostasis.

Stage III | If homeostasis is not restored, then massive system reaction occurs as a result of

autotoxic cytokines and MODS ensures.

These stages show SIRS to be a process of immune
dysregulation where it is protective during stages I & II and
detrimental in stage IIL."" There is another proposed theory
i.e. CHAOS theory which proposes that SIRS ensues because
of cardiovascular shock, lack of homeostasis, apoptosis, organ
dysfunction and immune suppression.'

SIRS represent a whole organism response to a variety of quite
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different immune challenge. The cells responsible are
mononuclear leukocytes, platelets and polymorphonuclear
leucocytes (PMN) which release cytokines. These cytokines
are soluble, low molecular weight glycoproteins which act as
inflammatory mediators to regulate both innate and specific
immune responses. At low concentration these cytokines have
only paracrine effect but at higher concentration these have
endocrine effect and act systemically. Tissue Necrosis Factor-
o (TNF) and Interleukin 1 (IL-1) are the first cytokines to be
released within 1 hour of an insult and cause fever, release
stress hormones and cleave the Nuclear Factor Kappa B (NF-
«B) inhibitor. After the inhibitor is removed, NF-kB is able to
initiate the production of mRNA that induce the production of
other pro-inflammatory cytokines like Interleukins 6 (IL-6)
and 8 (IL-8) and Interferon-gamma (IFN-y). Cytokines
especially IL-6, stimulate the release of acute phase reactants
such as C-reactive protein. To counteract this pro-
inflammatory state, the body is equipped with mechanism
known as compensatory anti- inflammatory response
syndrome (CARS) which includes Interleukin 4 (IL-4) and
Interleukin 10 (IL-10) which are responsible for decreasing
the production of TNF, IL-1, IL-6 and IL-8. The acute phase
response also produces antagonists to TNF and IL-1 receptors.
The balance of pro- inflammatory mechanisms and CARS is a
critical factor in determining patient outcome. The
pathogenesis of SIRS is illustrated in the flow chart. (Figurel)

Factors like infection, trauma, surgery etc.

'
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‘ Systemic inflammatory response syndrome (SIRS) ‘

Figure 1. Pathophysiology of SIRS showing homeostatic
imbalance in favor of pro- inflammatory state leading to
the development of SIRS

Shift of this balance in favor of pro- inflammatory
components will have a deleterious effect for the host and
leads to

e Directinjury tocells

e Indirect injury through activation of serum factors,
complements, Kinins, Kallikrein, coagulation and
fibrinolysis cascades

e Endothelial injury and dysfunction which worsens
inflammation through arachidonic acid metabolites,
humoral and cell mediated immune mechanism.

The changes involved in the process are basically responsible
for uncontrolled systemic vasodilatation, decreased
peripheral vascular resistance and hypotension, poor tissue
perfusion, third space loss, lactic acidosis and hemodynamic
instability which may be refractory to volume and inotropic
support. There is rise in energy demands, increased oxygen
consumption, increased carbon dioxide production with
metabolic acidosis, increased gluconeogenesis, lipolysis and
aerobic glycolysis which are responsible for severe catabolic
state and refractory to exogenous protein supplementation.
Thus pro- inflammatory state, is responsible for tachycardia,
tachypnoea, hyperpyrexia or hypothermia, hypotension,
oliguria, leucocytosis / leucopenia, narrowed pulse and
increased minute ventilation which are included in the
diagnostic criteria for SIRS. "> "

DIAGNOSIS

The diagnosis of SIRS aims at evaluation of the possible
causes which trigger the immune system. The investigations
recommended are:

a. Biochemical/Hematological:

e Complete blood count - Leucocytosis / Leucopenia and
>10% immature cells (Bands)

e ABG Elevated lactate levels suggestive of metabolic
acidosis and decreased pH

e BUN/Creatinine ratio

e Increased transaminase, D Dimer studies, Prothrombin
time / activated partial thromboplastic time (PT/aPTT)
indicate towards haemostatic and hepatic dysfunction

e Serum albumin, calcium, magnesium, phosphate
estimation

e C-reactive protein

b. Imaging studies: No specific imaging modality is
recommended and its use depends on the suspected
etiology.

c. Body fluids culture: Blood, urine, sputum, cerebrospinal
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fluid, cavity drainage fluids need to be cultured as per
specific indications.™"*"”

d. Cytokine assay: The important cytokines measured in the
laboratory are TNFa, IL-6 & IL-8. Serum procalcitonin
level is considered as a specific marker for SIRS. The
levels of procalcitonin identifies the progression of SIRS
to sepsis and MODS."™ (Table 3)

Table 3. Values of procalcitonin and their diagnosis™”’

Value of Procalcitonin Diagnosis
0.5 — 2 ng/ml SIRS

> 2 ng/ml Sepsis

> 100 ng/ml MODS

Newer biomarkers are under study like Angiopoietin 1 and 2
(Ang-1, Ang-2), which are ligands of the Tie-2 receptor
expressed by endothelial cells. In normal conditions, the level
of Ang-1 is higher so the Ang-1Tie-2 complex predominates.
During inflammation, however, Ang-2 is released from
endothelial cells, which shifts the equilibrium to Ang-2Tie-2.
Because of this relationship, Ang-2 levels and the Ang-1/Ang-
2 ratio have been proposed as possible biomarkers of sepsis
and SIRS.”

Other biomarker under trial is triggering receptor expression
on myeloid cells 1 (TREM-1). It is a part of the
immunoglobulin superfamily and is expressed on the surfaces
of phagocytic cells, with enhanced expression occurring after
exposure of cells to fungi and bacteria and is a potential means
of separating noninfectious SIRS from sepsis.*” Some
studies suggest hemophagocytosis as an early indicator of
advanced SIRS so bone marrow examination may be helpful.”
Many other biomarkers are under trial but since SIRS is a
heterogeneous process, the use of a combination of
biomarkers is recommended over a single marker.

TREATMENT OF SIRS

A continuum exists in the process of SIRS to MODS and death
so the critical time for treatment i.e. “Window of opportunity”
for targeted intervention and better outcome is immediately
after development of SIRS and before commencement of end
organ damage. Treatment of SIRS is a team approach which
comprises of physician, surgeon, intensivist, immunologist,
physiotherapist, dietician. The guidelines of treatment
include medical and surgical care, maintenance of nutrition,
prophylaxis for pulmonary embolism and deep vein
thrombosis, rehabilitation and physiotherapy and prevention
of complications, some of which are discussed below.""***

VOLUME RESUSCITATION

The primary objective is to restore tissue perfusion by
achieving euvolemia and ensuring global oxygen delivery.
Global delivery: Consumption ratios for oxygen are
approximately 4:1. Mortality is approximately 50%, when the
ratio approaches nearly 2:1. This is best monitored using a
pulmonary artery catheter (PAC) which guides volume
therapy and also assesses cardiac performances."”

Nature of fluid could vary from crystalloid to colloid and
aggressive fluid resuscitation is required to correct perfusion
deficit. The selection of fluid depends on the patients' existing
colloid oncotic pressure, serum albumin and serum
electrolytes. Albumin resuscitation may be preferred and
literature supports this statement. "’

The precaution to be taken while correcting fluid is not to
induce hyperchloremic metabolic acidosis particularly when
colloid solutions are used. Hyperchloremia has an added
disadvantage of inducing serine protease dysfunction, pain
and postoperative nausea.”

OPERATIVE INTERVENTION

Surgery is done in patients with etiology of surgical origin and
the extent of surgery would depend on indication. Surgical
procedure can range from surgical drainage to debridement or
resection/ removal of the source of infection. The surgical
treatment is always supplemented with nutritional support,
appropriate antibiotic use, specific organ support and

postoperative resuscitation.'”**

NUTRITIONAL SUPPORT

The objective is to attain positive nitrogen balance because of
associated hyper-catabolism. The daily recommended
calories are 25 35 Kcal / kg/day or more depending on degree
of hyper-metabolism. Excessive carbohydrate is avoided
because of higher risk of hepatic lipogenesis and excessive
carbon dioxide production. Fish oil rich in omega 3
polyunsaturated fatty acids may reduce leucotrines and
prostaglandin E, production thereby reducing the release of
IL-1 and TNF. Vitamins, minerals and trace elements need to
be supplemented. A consultation with nutritionist may be
required for its correction. Enteral alimentation is always

desirable than parenteral alimentation.***

MEDICATIONS

Medication is restricted to prophylaxis required for
anticipated complications. A few drugs are recommended
which have some beneficial results. "

e Steroids which can block the synthesis of cytokines
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e Pentoxyphyllin - A phosphodiesterase inhibitor, which
interrupts intracellular signaling and decrease PMN &
TNF activity

e  Monoclonal anti TNF(a)
e Activated protein C
COMPLICATIONS

The complications associated with SIRS are related to
progression of the disease to sepsis, septic shock and multi-
organ dysfunction syndrome. The common complications are
acute renal failure due to acute tubular necrosis, acute lung
injury or ARDS, protein caloric malnutrition, coagulopathy
with acute hepatic insufficiency, hyperglycemia due to hyper
metabolism and insulin resistance, stress ulcer,
hypoalbuminemia, hypocalcemia, hypomagnesemia,
hypokalemia and hyperchloremic metabolic acidosis.

The prognosis depends on timely intervention and control of
proinflammatory state. The compensatory mechanism
referred to as CARS is limited up to stage II of SIRS and is
considered reversible and progression to stage 11 is referred as
MARS (Mixed autogonistic response syndrome) carries
increased mortality due to organ failure."**

SIRS: Current views

The criteria of SIRS developed in the 1991 consensus was
shown to be overly sensitive and lacked specificity.’ Although
this definition has been widely used in practice, it has been
criticized by many experts. Another joint consensus in 2001
recognized the limitations of this definition but failed to
provide any changes to the criteria due to lack of supporting
evidence.” A 2016 commission organized by national
societies including the Society of Critical Care Medicine
(SCCM) and the European Society of Intensive Care
Medicine (ESICM) proposed a new definition of sepsis,
termed Sepsis-3 as a life-threatening organ dysfunction
caused by a dysregulated host response to infection. ** The
new definition recommended abandoning the use of SIRS
criteria.”

The committee also compared traditional SIRS criteria to
other methods, including the Logistic Organ Dysfunction
System (LODS) and Sequential Organ Failure Assessment
(SOFA) scoring and Quick Sequential Organ Failure
Assessment scoring (qSOFA). The SOFA scoring, which
includes clinical and laboratory parameters, was
recommended to assess the severity of organ dysfunction in
potentially septic patients. gSOFA is a modified version of
SOFA and consists of only three components, i.e. respiratory
rate >/=22/minute, change in mental status and systolic blood

pressure </=100mm/Hg, each allocated one point and qSOFA
score of > 2 points indicating organ dysfunction.” This
method was set as a contemporary to the SIRS criteria. Since
then, several studies have been carried out which showed
SOFA score to have superiority in prediction of in-hospital
mortality.” However, the prognostic accuracy for in-hospital
mortality between qSOFA and SIRS is still a matter of debate
with some studies favoring qSOFA while others favored
SIRS. ™

CONCLUSION

Further trials and research into this topic is advised to
determine the accuracy of various scoring systems and
criterias before dissolving the SIRS criteria. In addition, many
healthcare facilities are currently using the SIRS criteria as
part of emergency room and ICU protocol and application of
the new recommendations will require time and funding to
facilitate modification of protocols and retraining of
healthcare providers. Taking all this into consideration,
rushing to discard the SIRS criteria may not be such a wise
decision in the present day context till a consensus is achieved.
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