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AbstractAbstractAbstractAbstract    

Septic shock still remains one of the leading causes of death in hospital patients. Greater awareness, understanding of the condition .and the knowledge of 

most effective treatment measures available can decrease the rate of mortality. Making an early, accurate diagnosis of septic shock is the key to increasing 

survival rates. Excessive inflammation, excessive coagulation and suppression of fibrinolysis are the   hallmarks of Sepsis. Infection control, haemodynamic 

stabilization, and modulation of the septic response are the cornerstones of treatment. The management is influenced more by appropriate treatment with 

antibiotics and fluids than by specific intensive care. Septic response can be modulated by the use of Steroids and Activated Protein C and with tight 

glucose control. Low Tidal Volume ventilation and high volume Haemofilteration are other beneficial strategies in Sepsis.  As septic shock worsens and fails 

to respond to all therapy, one must be prepared to limit and withdraw treatment. 

 

 

Septic shock still remains the one of the leading causes of death 

in hospital patients. Barely more than 50% of the patients with 

severe sepsis survive their hospital admission. This unacceptable 

high mortality can only be reduced if there is greater awareness 

and understanding of the condition .and the knowledge of most 

effective treatment measures available. Unplanned admissions 

to the Intensive Care Unit (ICU) and potentially preventable 

deaths on wards are associated with a failure to institute early 

preventive conditions. Greater than 40% of the intensive Care 

Unit admissions are potentially preventable with improved 

ward care.  

Survival of patients with Septic shock appears to be better if 

shock develops while the patient is in Intensive Care Unit 

rather than on general ward despite greater severity of illness in 

the intensive care group [1].This suggests that the closer 

observation and earlier treatment can influence the outcome of 

sepsis.  

INCIDENCE:INCIDENCE:INCIDENCE:INCIDENCE:    

Septic shock is an increasingly common problem. The 

incidence of sepsis is increasing year by year. The reasons for 

this increase are that the people are living longer and this aged 

population are the most vulnerable to sepsis. We are using 

advanced technology to sustain life and there has been a rise in 

the number of immunocompromised patients due to aggressive 

cancer therapy and the increased prevalence of HIV. The 

widespread use of broad spectrum antibiotics has increased the 

rate of both antibiotic resistance and nosocomial infections. 

A prospective, multicentre, observational study, recently 

conducted to evaluate the epidemiology of Sepsis and other 

characteristics of Intensive Care Unit patients in European 

countries (called the SOAP study) was endorsed by the 

European Society of Intensive Care Medicine [2]. This 

observational study showed a marked difference in the 

frequency of sepsis between countries, and higher frequencies of 

sepsis were mirrored by higher mortality rates. (Fig.1)  

 

Fig 1: Incidence of Sepsis in European Countries 

There was a direct relationship between the number of organs 

failing and the Intensive Care Unit mortality. Patients with no 

organ dysfunction on admission had mortality rates of 6% 

whereas those with four or more organ failures had mortality 

rates of 65 %. [2] (Fig. 2) 

As compared to the incidence of other pathologies in Europe 

the incidence of severe sepsis is higher (32%) [2] (Fig 3) 

In septic patients, older age, positive fluid balance, co morbid 

diseases on admission; cancer and cirrhosis are the most 

important variables of mortality.  
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Fig 2: The SOAP study 

 

Fig 3: Incidence of different pathologies in Europe

    

DEFINITIONSDEFINITIONSDEFINITIONSDEFINITIONS    

Sepsis is defined as an infection that triggers a particular 

Systemic Inflammatory Response Syndrome (SIR

characterised by body temperature outside 36oC 

>90 beats/min, respiratory rate >20/min, WBC count 

>12,000/mm3 or < 4,000/mm3. (Fig 4) 

Fig 4: Definitions 

There are three recognised stages in the hierarchy of the 

inflammatory response, with progressively increased risk of 

organ failure and death. Patients with infections plus two or 

more elements of the SIRS meet the criteria for sepsis. Those 

who have end organ failure are considered as having severe 

sepsis; and those who have refractory hypotension along with 

the above said criteria are consider to be in septic shock (Fig. 
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Fig 3: Incidence of different pathologies in Europe 

Sepsis is defined as an infection that triggers a particular 

Systemic Inflammatory Response Syndrome (SIRS). This is 

characterised by body temperature outside 36oC - 38oC, HR 

20/min, WBC count 

There are three recognised stages in the hierarchy of the 

, with progressively increased risk of 

organ failure and death. Patients with infections plus two or 

more elements of the SIRS meet the criteria for sepsis. Those 

who have end organ failure are considered as having severe 

ory hypotension along with 

the above said criteria are consider to be in septic shock (Fig. 5) 

Fig 5:  Definitions 

PATHOPHYSIOLOGY:PATHOPHYSIOLOGY:PATHOPHYSIOLOGY:PATHOPHYSIOLOGY:    

Sepsis is a complex condition starting from an infective stimulus 

and resulting in an exaggerated immune response. The 

inflammatory response that was initiated to fight the infection 

ultimately leads to damage of various organs thorough out the 

body.  

During the onset of sepsis, the inflammatory system becomes 

hyperactive, involving both cellular and humoral defence 

mechanisms Endothelial and epithelial cells, as well as 

neutrophils, macrophages and lymphocytes, produce powerful 

pro-inflammatory mediators, especially tumour necrosis factor

 (TNF- ), interleukin (IL)

Simultaneously, robust production of acute

such as C-reactive protein, occurs and humoral defence 

mechanisms such as the complement system are activated, 

resulting in production of pro

including C5a, the complement split product. C5a ultimately 

enhances cytokine and chemokine production. Furthermore, 

the coagulation system becomes activated through various 

mechanisms, often resulting in disseminated intravascular 

coagulopathy.  

The hallmarks of the sepsis are excessive inflammation, 

excessive coagulation and suppression of fibrinolysis. In 

addition endogenous Activated Protein C which modulates 

coagulation, controls inflammation and supports

also decreased. There is considerable variability in response 

which is almost certainly to a large degre

determined. Those with a tendency to produce excessive 

cytokines and TNF will have a greater inflammatory response. 

Simultaneously, the initial vascular damage results in neutrophil 

activation, neutrophil-endothelial cell adhesion, and furthe

elaboration of inflammatory cytokines. In tissues already prone 

to dysfunctional oxygen uptake and metabolism, this vascular 

injury promotes further tissue hypoxia through regional hypo 

perfusion. This uncontrolled cascade of inflammation and 

coagulation fuels the progression of sepsis, resulting in tissue 

hypoxia and ischemia with resultant organ dysfunction and 

death. 
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Sepsis is a complex condition starting from an infective stimulus 

and resulting in an exaggerated immune response. The 

lammatory response that was initiated to fight the infection 

ultimately leads to damage of various organs thorough out the 

During the onset of sepsis, the inflammatory system becomes 

hyperactive, involving both cellular and humoral defence 

s Endothelial and epithelial cells, as well as 

neutrophils, macrophages and lymphocytes, produce powerful 

inflammatory mediators, especially tumour necrosis factor-

), interleukin (IL)-6, IL-1 and IL-8. 

Simultaneously, robust production of acute-phase proteins, 

reactive protein, occurs and humoral defence 

mechanisms such as the complement system are activated, 

resulting in production of pro-inflammatory mediators, 

including C5a, the complement split product. C5a ultimately 

kine and chemokine production. Furthermore, 

the coagulation system becomes activated through various 

mechanisms, often resulting in disseminated intravascular 

The hallmarks of the sepsis are excessive inflammation, 

suppression of fibrinolysis. In 

addition endogenous Activated Protein C which modulates 

coagulation, controls inflammation and supports fibrinolysis is 

There is considerable variability in response 

which is almost certainly to a large degree genetically 

determined. Those with a tendency to produce excessive 

cytokines and TNF will have a greater inflammatory response. 

Simultaneously, the initial vascular damage results in neutrophil 

endothelial cell adhesion, and further 

elaboration of inflammatory cytokines. In tissues already prone 

to dysfunctional oxygen uptake and metabolism, this vascular 

injury promotes further tissue hypoxia through regional hypo 

perfusion. This uncontrolled cascade of inflammation and 

fuels the progression of sepsis, resulting in tissue 

hypoxia and ischemia with resultant organ dysfunction and 
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DIAGNOSIS:DIAGNOSIS:DIAGNOSIS:DIAGNOSIS:    

Diagnosis of sepsis is not easy. Making an early, accurate 

diagnosis of septic shock is a key to increasing survival rates. 

The signs and symptoms of severe sepsis may be subtle. 

Although the components of SIRS are non specific, the 

combination of suspected infection and the presence of SIRS 

may help alert the clinician to a possible diagnosis of sepsis. 

Although hypotension is another clinical sign that may signal 

the onset of septic shock, patient may present with sever sepsis 

and clinically significant global tissue hypoxia in its absence. 

Metabolic marker such as serum lactate, arterial base deficit may 

help to identify the severe cases. A single lactate measurement of 

4mmol/l or more at initial presentation is associated with an 

increased rate of mortality [3]. There may well be signs of 

altered mentation and   abnormalities of renal and liver 

function test, as well as coagulation abnormalities. At least two 

blood cultures and cultures of other sites as indicated before 

commencement of antibiotic therapy. Diagnostic studies such 

as Ultra sound and CT scan should be performed promptly. 

D dimmers are grossly elevated in sepsis. Levels of Protein C are 

lowered which has therapeutic implications. The potential role 

of biomarkers for diagnosis of infection in patients presenting 

with severe sepsis remains undefined. Perhaps the most 

common considerations as diagnostic biomarkers for sepsis have 

been C-reactive protein and procalcitonin. Despite initial 

enthusiasm for their potential diagnostic strengths,[4] they have 

more recently been related to the growing heap of biomarkers 

that have failed to accurately differentiate sepsis from similar 

critical illnesses.  

The most exciting development in the last 2 years is the 

recognition of "soluble triggering receptor expressed on myeloid 

cells-1" (sTREM-1) as a potential biomarker for sepsis. [5] For 

this marker, a level greater than 60 ng/mL was more accurate 

than any other clinical and laboratory findings indicating 

infection 

TREATMENT:TREATMENT:TREATMENT:TREATMENT:    

The development of new treatment modalities has resulted in a 

spate of treatment algorithms, often promulgated by medical 

societies and healthcare improvement organizations. As these 

modalities have rolled out, increasing levels of evidence have 

emerged to support or refute their utility in treating patients 

with sepsis. One of the greatest endeavours to date is the 

Surviving Sepsis Campaign (SSC) [6] that was originally 

launched in 2002 with the stated goal to reduce mortality by 

25%. The primary method to achieve this goal was the 

development of evidence-based sepsis care guidelines that were 

published in 2004. [6] and recently revised in 2008. 

The Institute for Healthcare Improvement (IHI) has 

highlighted sepsis as an area of focus and has identified several 

deficiencies that may cause suboptimal care of patients with 

severe sepsis. These deficiencies include inconsistency in the 

early diagnosis of severe sepsis and septic shock, frequent 

inadequate volume resuscitation without defined endpoints, late 

or inadequate use of antibiotics, frequent failure to support the 

cardiac output when depressed, frequent failure to control 

hyperglycemias adequately, frequent failure to use low tidal 

volumes and pressures in acute lung injury, and frequent failure 

to treat adrenal inadequacy in refractory shock. 

The management of patient with sepsis is influenced more by 

appropriate treatment with antibiotics and fluids than by 

specific intensive care. Therefore early intervention should 

never be delayed pending admission to the intensive care unit. 

The early and aggressive treatment of septic shock has been well 

documented in the survival sepsis campaign which is based on 

the best current practice.  

The cornerstones of treatment are infection control, 

haemodynamic stabilization, and modulation of the septic 

response.  

1. Infection Control:1. Infection Control:1. Infection Control:1. Infection Control:    

Infection control is vital if the patient is to have any chance of 

survival. Appropriate broad-spectrum antibiotics must be given 

within the first hour of recognition of sepsis after obtaining 

various cultures. Evidence clearly shows that delay or 

inadequate antibiotic treatment results in poorer outcome. For 

every hour lost mortality climbs by 9%. [7]   

Initial empirical anti-infective therapy should include one or 

more drugs that have activity against all likely pathogens 

(bacterial and/or fungal) and that penetrate in adequate 

concentrations into the presumed source of sepsis[8] 

antimicrobial regimen be reassessed daily to optimize activity, to 

prevent the development of resistance, to reduce toxicity, and to 

reduce costs  

A focus of infection must be sought for and if discovered dealt 

with immediately. The patient should be evaluated for a 

focused infection amenable to source control measures 

including abscess drainage or tissue debridement. One must 

weigh up the benefits and risks of the particular procedure 

chosen. If intravascular devices are a potential source, they must 

be promptly removed after establishing other vascular access. 

When source control is required, the effective intervention 

associated with the least physiologic insult be employed (e.g., 

percutaneous rather than surgical drainage of an abscess) 

2. Haemodynamic Stabilization2. Haemodynamic Stabilization2. Haemodynamic Stabilization2. Haemodynamic Stabilization::::    

In septic shock there is extensive cardiovascular derangement. 

Hypotension is caused by myocardial depression, pathological 

vasodilatation and extravasation of circulating volume due to 

widespread capillary leak. The initial resuscitative effort is to 

attempt to correct the absolute and relative hypovolemia by 

refilling the vascular tree. There is no evidence to support one 
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type of fluid crystalloid or colloid is superior to the other. There 

is good evidence that early gold directed aggressive volume 

resuscitation improves outcome of sepsis[9] During the first 6 

hours of resuscitation the goals of initial resuscitation are a 

Central venous pressure of  8-12 mm Hg, Mean arterial 

pressure (MAP) ≥ 65 mmHg, Urine output ≥ 0.5 mL • kg-1 • 

hr and a  central venous (superior vena cava) or mixed venous 

oxygen saturation ≥ 70% or ≥ 65%, respectively The Rivers 

study clearly shows a reduction in  hospital mortality, 28 day 

mortality as well as 60 day mortality attributed to the Early 

Goal Directed Therapy (EGDT) [10]. Early goal-directed 

resuscitation has been shown to improve survival for emergency 

department patients presenting with septic shock in a 

randomized, controlled, single-centre study.[11] Resuscitation 

directed toward the previously mentioned goals for the initial 6-

hr period of the resuscitation was able to reduce in hospital, 28-

days as well as 60 days mortality rate (Fig. 6). 

Fig 6: Results of Early Goal Directed Therapy (EGDT) 

If Scvo2 or SVo2 of 70% or 65%, respectively, is not achieved 

with fluid resuscitation to the central venous pressure target, 

then transfusion of packed red blood cells to achieve a 

hematocrit of ≥ 30% and/or administration of a dobutamine 

infusion (up to a maximum of 20 µg • kg-1 • min-1) be used to 

achieve this goal. 

It is important to remember that vasopressors should be utilized 

not only when fluids fail to reverse hypotension, but also during 

resuscitation to maintain minimally adequate blood pressure. 

Traditionally, the use of noradrenalin in patients with shock has 

been restricted by the fear of excessive vasoconstriction that may 

result in end-organ hypo perfusion. In the past it was usually 

given only when other vasopressin agents failed, and thus such 

patients would be predicted to have a poor outcome. Recent 

studies indicate that the fear of deleterious effect was 

unwarranted and that noradrenalin may have a role as a first-

line vasopressor agent in patients with septic shock. 

Vasopressin should be considered in refractory shock despite 

high dose conventional vasopressors. Vasopressin is an 

endogenously produced hormone that is deficient in many 

patients with septic shock. Exogenously administered 

vasopressin in physiologic replacement doses may act 

synergistically with other vasopressor agents, and has been 

associated with early withdrawal of catecholamine. Most studies 

have evaluated short-term infusions of vasopressin at 0.08 

U/minute or less as add-on therapy in patients requiring 

adrenergic agents. The results show that starting vasopressin in 

patients with septic shock increases systemic vascular resistance 

and arterial blood pressure, thus reducing the dosage 

requirements of adrenergic agents [12]. These effects are rapid 

and sustained. Substantial enhancement of urine production, 

likely due to increased glomerular filtration rate, was shown in 

several studies. A few studies demonstrated clinically significant 

reduced cardiac output or cardiac index after vasopressin was 

begun, necessitating cautious use in patients with cardiac 

dysfunction. 

3. Modulation of Septic Respo3. Modulation of Septic Respo3. Modulation of Septic Respo3. Modulation of Septic Response:nse:nse:nse:    

There are a number of ways to modulate the septic response. 

These includes use of steroids, tight glucose control and the use 

of Activated Protein C. Septic shock causes adrenal suppression 

and this can be confirmed by measuring cortisol levels or by 

using the synacthan test. Compare to placebo, the 

administration of low dose of hydrocortisone (200-300 mg/day 

in divided doses) to patients with septic shock decrease there 

requirements for vasopressors [13] and lowered their mortality 

rate [14]. Low dose hydrocortisone should only be given to non 

responders of the synacthan test but in practice all patient 

receive this treatment until the result of the test are received.  

Following the Corticosteroid Therapy of Septic Shock 

(CORTICUS) study there is now an increasing trend towards 

restricting the use of low dose hydrocortisone only to patients 

with refractory hypotension who are already on high doses on 

vasopressors [15]. The trial did show a faster resolution of septic 

shock in patients who received steroids but failed to show a 

mortality benefit with steroids therapy. Close control of blood 

glucose has been shown to increase survival in critically ill septic 

patient. When conservative (10 – 11.1 mol/L) glycemic control 

was compared with tight control (4.4-6.1mmol/L) in a multi 

centre, randomized controlled trial, tight control lead to a 

significant reduction in mortality (8% versus 4-6%), p < 0-04 

and improved morbidity at 12 months [16].   

Activated Protein CActivated Protein CActivated Protein CActivated Protein C    

Human activated Protein C (APC) is an endogenous regulator 

of coagulation. In order for protein C in the plasma to become 

activated, it must combine with thrombin and 

thrombomodulin along with the endothelial protein C receptor. 

With endothelial damage this activation does not take place 

resulting in its deficiency. Therefore APC supplementation is a 

rational therapeutic option. APC has an important role in the 

management of severe sepsis. It protects against the disruption 

of the endothelial cell membrane, improves micro circulatory 

perfusion, and has anti inflammatory, procoagulant, fibrinolytic 

and anti apoptotic activity. APC must ideally be started with in 

the first 24 hours of the onset of septic shock. The 

Recombinant Human Activated Protein C Worldwide 
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Evaluation in Severe Sepsis (PROWESS) trial found activated 

protein C to reduce the risk of death among all severe sepsis 

patients by 20% [17] This study has also recognized the risk of 

complications specially haemorrhages.  

Subsequent studies have shown similar results. “Administration 

of Drotrecogin Alfa (Activated) in Early Stage Severe Sepsis” 

(ADDRESS trial) also provides the evidence concerning use of 

rhAPC in adults [18]. Additional safety information comes 

from an open-label observational study, “Extended Evaluation 

of Recombinant Activated Protein C” (ENHANCE trail). [19] 

The ENHANCE trial also suggested that early administration 

of rhAPC was associated with better outcomes.  

Other beneficial Strategies in SepsisOther beneficial Strategies in SepsisOther beneficial Strategies in SepsisOther beneficial Strategies in Sepsis    

Low Tidal Volume Ventilation: using normal or high tidal 

volume (10-12mls/Kg) ventilation will cause over expansion of 

the normal lung segments. This will in turn result in 

inflammatory mediators being released in the lung tissue. The 

consequences of this are the development of Acute Lung Injury 

(ALI) or Acute Respiratory Distress Syndrome (ARDS). 

Therefore it is crucial to use low tidal volume Ventilation 

(6ml/kg) to keep plateau airway pressure less than 30 cm of 

water [20, 21]  

High volume Haemofilteration: In the past five years, many 

studies have been conducted to evaluate and demonstrate 

benefits of increasing the volume of ultra filtration and 

replacement fluid during Continuous Renal replacement 

therapy [22, 23] particularly in complex and very severe 

syndromes such as Severe Sepsis and Septic Shock, associated 

with or without acute renal failure. 

In general, the high-volume approach provides higher 

clearances for middle/high molecular weight solutes than a 

simple diffusive transport, Continuous veno venous 

haemodialysis (CVVHD) or a convection-based transport at 

lower volumes, Continuous veno venous haemofiltration 

(CVVH). These solutes seem to be primarily involved in the 

Systemic Inflammatory Response Syndrome, which 

characterizes the Sepsis syndrome, and their efficient removal 

may thus be beneficial. [24]  

Alternative approaches have been based on more efficient 

removal of inflammatory mediators by high cut-off hemofilters, 

which are characterized by an increased effective pore size. Most 

commercially available hemofilters do not permit a substantial 

elimination of cytokines because of the low cut-off point of 

their membranes. The use of high cut-off hemofilters is a new 

and effective approach to cytokine removal, but it has 

potentially harmful side effects, such as the loss of essential 

proteins like albumin [25].   

Because the reversibility of this disease and the resultant 

mortality may be greatest during the earliest stages of 

presentation, proper sepsis management should not be confined 

within the walls of an Intensive Care Unit. Specific emphasis on 

appropriate triage to ensure prompt diagnosis of the high-risk 

patient is vital to the launch of a coordinated and cooperative 

effort by the primary treating clinician and the intensivist 

Ethical Dilemmas in Septic ShockEthical Dilemmas in Septic ShockEthical Dilemmas in Septic ShockEthical Dilemmas in Septic Shock    

Patient with septic shock have a high mortality and as yet there 

is no predictive scoring system which gives accurate predictions 

of outcome for individual patient. Survival from an episode and 

septic shock is dependent on patient’s age, number of failed 

organs, previous health and the time delay before the onset of 

medial intervention, as well as the appropriateness and quality 

of medical care. The resources available to us are not limitless 

and so difficult decisions  have to be made deciding between the 

potential benefits for one critically ill patient and need for 

several less critically ill patients. As an intensivist one must set 

realistic expectations which must be clearly communicated to 

the families concerned. As septic shock worsens and fails to 

respond to all therapy, one must be prepared to limit and 

withdraw treatment. 
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