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INTRODUCTION 

Sepsis is a spectrum of disease, where there is a systemic and 

dysregulated host response to an infection. The presentation may range 

from non-specific or non-localizing symptoms to severe signs with 

evidence of multi-organ dysfunction and septic shock
[1]

.  

The data from the western world reveals an incidence of septic 

shock to be 8.2 per 100 intensive care admissions, with a mortality of 55-

62.1% . Septic shock remains the most common cause of death in the 

ICU with a mortality rate of 30-50% despite conventional treatment 

methods and effective antibiotic therapy
[2,3]

. This reflects the need for 

further research in management of septic shock with early goal directed 

and a more targeted therapy. 

The role of steroids in the treatment of septic shock was first talked 

about when warehouse documented a case of suprarenal apoplexy in 

1915
[4]

. Cahalane et al documented adrenal hemorrhage in a severe 

meningococcal septicemia patient and postulated that the adrenal 

hemorrhage caused an acute Addisonian crisis resulting in circulatory 

collapse and mortality
[5]

. This observation prompted further studies of 

glucocorticoid therapy in the treatment of septic shock but the results 

were inconsistent and resulted in increase mortality in some studies 
[6,7,8]

. 
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The role of Hypothalamo-Pituitary-Adrenal axis in septic shock 

patients was brought to light with studies of Breigel et al (1996)
[9]

 and 

Annane D et al (2002)
[10,11]

 when they reported high rates of relative 

adrenal insufficiency in septicemic patients and a increase in overall 

survival with glucocorticoid replacement in those patients. 

There is very limited data on the incidence of adrenal insufficiency 

in Indian patients with septic shock
[12,13,14] 

. As the risk factors, source of 

sepsis and the organisms responsible for sepsis are all different it 

becomes necessary to find the real incidence of adrenal insufficiency in 

Indian population so that early steroid supplementation can be done to 

reduce septic shock related mortality. 

  



 

3 

AIMS AND OBJECTIVES  

PRIMARY OBJECTIVE:  

To assess the incidence of adrenal insufficiency in patients with 

septic shock admitted to a tertiary care ICU. 

SECONDARY OBJECTIVE: 

To assess the correlation between serum cortisol levels and 

mortality in patients with septic shock. 
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REVIEW OF LITERATURE 

HISTORY OF INFECTIOUS DISEASES : 

• In 1546, Heironymus Fracastorius suggested the germ theory of 

infections. 

• In the start of 19
th 

century, John Pringle, a British army surgeon, 

proposed the concept of antisepsis. Antiseptic practices resulted in a 

vast reduction in the rates of Puerperal sepsis. 

• Louis Pasteur, in 1879 identified Streptococcus as the source of 

Puerperal sepsis. 

• In 1892, Richard Pfeiffer identified a toxin that resulted in shock in 

patients. 

• Alexander Fleming, in 1928 found his bacterial cultures to be killed 

by a fungal mould , penicillium notatum, from which he discovered 

Penicillin.  

• In 1944, Waksmann discovered streptomycin to be effective 

against tuberculosis. 

  



 

5 

Advancements in medical science in the late 20th century 

improved our understanding of sepsis and septic shock—recognition of 

inflammatory mediators stimulating nitric oxide production, leading to 

endothelial injury, activation of coagulation cascade and eventually 

leading to organ ischemia, damage, and, ultimately, death. This 

knowledge will lead to novel approaches to treat sepsis in the upcoming 

years. 

SEPSIS AND SEPTIC SHOCK : 

In 1914, Schottmueller wrote, “Septicemia is a state of microbial 

invasion from a portal of entry into the blood stream which causes sign of 

illness.” The definition did not change much over the years because the 

terms sepsis and septicemia referred to several ill-defined clinical 

conditions present in a patient with bacteremia. In clinical practice, less 

than one half of the patients with signs and symptoms of sepsis have 

positive results on blood culture. Moreover, not all patients with 

bacteremia have signs of sepsis; therefore, sepsis and septicemia are not 

identical. In the last few decades, discovery of endogenous mediators of 

the host response have led to the recognition that the clinical syndrome of 

sepsis is the result of excessive activation of host defense mechanisms 

rather than the direct effect of microorganisms. Sepsis exists on a 

continuum of severity ranging from infection and bacteremia to sepsis 
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and septic shock, which can lead to multiple organ dysfunction syndrome 

(MODS) and death. Multiple organ dysfunctions, the extreme end of the 

continuum, are incremental degrees of physiological derangements in 

individual organs (a process rather than an event). Alteration in organ 

function can vary widely from a mild degree of organ dysfunction to 

frank organ failure. 

The definitions of sepsis and septic shock have rapidly evolved 

since the early 1990s. 

The American College of Chest Physicians (ACCP)/Society of 

Critical Care Medicine(SCCM)21 consensus conference definitions of 

sepsis, severe sepsis, and septic shock (Bone, 1992)
[15]

 are outlined 

below. 
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2001 ACCP/SCCM Task Force Committee Conclusions : 

Current concepts of sepsis, severe sepsis, and septic shock remain 

useful to clinicians and researchers. Until further evidence arises that 

justifies altering these categories that describe the host response to 

infection, they should remain as described 10 years ago. 

These definitions do not allow precise staging or prognostication of 

the host response to infection. While SIRS remains a useful concept, the 

diagnostic criteria for SIRS published in 1992 are overly sensitive and 

nonspecific. An expanded list of signs and symptoms of sepsis may better 

reflect the clinical response to infection.  

The operational definitions of sepsis may be refined and tested in 

the future as we increase our understanding of the immunological and 

biochemical characteristics of these conditions. 

The Third International Consensus Definitions for Sepsis and 

Shock
[1]

 . 

Sepsis — A 2016 SCCM/ESICM task force has defined sepsis as 

life-threatening organ dysfunction caused by a dysregulated host response 

to infection. Organ dysfunction is defined by the 2016 SCCM/ESICM 

task force as an increase of two or more points in the SOFA score. 
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Septic shock — Septic shock is a vasodilatory or distributive 

shock. Septic shock is defined as sepsis that has circulatory, cellular, and 

metabolic abnormalities that are associated with a greater risk of 

mortality than sepsis alone . It includes patients who fulfill the criteria 

for sepsis who, despite adequate fluid resuscitation, require 

vasopressors to maintain a mean arterial pressure (MAP) ≥65 mmHg 

and have a lactate >2 mmol/L (>18 mg/dL). According to SOFA score, 

patients who fulfill these criteria for septic shock have a higher mortality 

than those who do not (≥40% versus ≥10%).  

 The term severe sepsis, referring to sepsis that was associated with 

tissue hypoperfusion (eg, elevated lactate, oliguria) or organ dysfunction 

(eg, elevated creatinine, coagulopathy), and the term systemic 

inflammatory response syndrome (SIRS) are no longer used since the 

2016 sepsis and septic shock definitions include patients with evidence of 

tissue hypoperfusion and organ dysfunction.  
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EPIDEMIOLOGY  

INCIDENCE AND PREVALANCE : 

INTERNATIONAL SCENARIO : 

From the 1930s, studies have shown a constant increase in the 

incidence of sepsis. The increase in the number of patients who are 

immunocompromised and an increasing use of invasive diagnostic and 

therapeutic devices predisposing to infection are major reasons for the 

increase in the rates of sepsis. 

In the late 1970s, it was estimated that 164,000 new cases of sepsis 

were detected in the United States (US) each year
[16]

. Since then, rates of 

sepsis in the US and other parts of the world have constantly increased 

through the decades: 

• One national database analysis of discharge records from 

hospitals in the US estimated an annual rate of more than 

1,665,000 cases of sepsis between 1979 and 2000
[17]

.  

• A retrospective population-based analysis reported increased 

rates of sepsis and septic shock from 13 to 78 cases per 100,000 

between 1998 and 2009
[18]

.  
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• A retrospective analysis of an international database reported a 

global incidence of 437 per 100,000 person-years for sepsis 

between the years 1995 and 2015, with poor contributions from 

low income countries
[19]

.  

• In an analysis of 27 academic hospitals, between 2005 and 2014 

incidence of septic shock increased from 12.8 to 18.6 per 1000 

hospital admissions and mortality decreased from 55 to 

51percent 
[20]

. 

• On the contrary, a study in 2017 reports stable rates of sepsis 

between 2009 and 2014
[21]

.  

THE INDIAN SCENARIO :  

There is very little information regarding sepsis and septic shock in 

India. Though studies on patients with sepsis have been conducted, there 

has not been any population based study for estimating the incidence or 

prevalence of septic shock. Moreover, the majority of the studies are in 

the pediatric population. 

SEX:  

 Most studies of septic shock report a male preponderance. The 

percentage of male patients varies from 52-66%. 
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AGE:  

Sepsis and septic shock occur at all ages but most often in elderly 

patients. At present, most sepsis episodes are observed in patients older 

than 60 years. Advanced age is a risk factor for acquiring nosocomial 

blood stream infection in the development of severe forms of sepsis. 

PATHOPHYSIOLOGY 

NORMAL RESPONSE TO INFECTION: 

The host response to an infection is initiated when innate immune 

cells, particularly macrophages, recognize and bind to microbial 

components. This may occur by several pathways:  

Pattern recognition receptors (PRRs) on the surface of host 

immune cells may recognize and bind to the pathogen-associated 

molecular patterns (PAMPs) of microorganisms . There are three families 

of PRRs: toll-like receptors (TLRs), nucleotide-oligomerization domain 

(NOD) leucine-rich repeat proteins, and retinoic-acid-inducible gene I 

(RIG-I)-like helicases. Of these the TLRs play a very important role
[22]

.  

PRRs recognize endogenous danger signals, so-called alarmins or 

danger-associated molecular patterns (DAMPs) like HMGB 1, S 100 

proteins and mitochondrial DNA that are released during the 
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inflammatory insult. DAMPs are nuclear, cytoplasmic, or mitochondrial 

structures acquiring new functions when released in the extracellular 

environment
[23]

.  

The triggering receptor expressed on myeloid cell (TREM-1) and 

the myeloid DAP12-associating lectin (MDL-1) receptors on host 

immune cells may recognize and bind to microbial components
[24]

.  

The binding of TLRs to microbial cell wall components elicits a 

signaling cascade via the activation of cytosolic nuclear factor-kb (NF-

kb). Activated NF-kb moves from the cytoplasm to the nucleus, binds to 

transcription sites, and induces activation of a large set of genes involved 

in the host inflammatory response, such as proinflammatory cytokines 

(tumor necrosis factor alpha [TNFa], interleukin-1 [IL-1]), chemokines 

(intercellular adhesion molecule-1 [ICAM-1], vascular cell adhesion 

molecule-1 [VCAM-1]), and nitric oxide. 

Neutrophils get activated and express adhesion molecules that 

cause their aggregation and margination to the vascular endothelium. This 

is facilitated by the endothelium expressing adherence molecules to 

attract leukocytes. The release of mediators by neutrophils at the site of 

infection is responsible for the signs of local inflammation- warmth and 

erythema due to local vasodilation and hyperaemia, and protein-rich 

edema due to increased microvascular permeability. 
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Macrophages get activated with the invasion of tissue by bacteria 

and they regulate the process of local inflammation by producing a 

balance between the pro-inflammatory cytokines(TNF alpha and IL-1) 

and anti- inflammatory cytokines(IL-6 and IL-10) those that inhibit the 

production of inflammatory cytokines. 

The Complement cascade is also activated by microbial 

components, both directly and indirectly through the proteolytic activity 

of plasmin, resulting in the production of anaphylotoxins(C3a, C5a), 

chemotactic fragments(C5a), and opsonins(C3b), all of which contribute 

to the proinflammatory state. The microbial components can activate the 

complement system directly via factor XII and indirectly through altered 

endothelial function
[25]

.  

TRANSITION TO SEPSIS :  

Sepsis occurs when the release of proinflammatory mediators in 

response to an infection exceeds the boundaries of the local environment, 

leading to a more generalized response. When a similar process occurs in 

response to a noninfectious condition (eg, pancreatitis, trauma), the 

process is referred to as systemic inflammatory response syndrome 

(SIRS). In other words sepsis is said to be a malignant intravascular 

inflammation. 
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The hyperinflammatory state induced by sepsis also activates the 

counter regulatory immunosuppressive mechanisms, which may involve 

both innate and adaptive immune systems. Due to this effect, septic 

patients may alternate between hyperinflammatory and 

immunosuppressed states. This is because of the shift from 

proinflammatory(Th1) to anti-inflammatory(Th2) cytokines and also the 

effects of lymphocyre apoptosis, immunosuppressive effects of the 

apoptotic cells and the induction of cellular anergy. 
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Endothelial activation and injury : 

The proinflammatory state and endothelial activation leads to 

vascular leakage and tissue edema with detrimental effect on both 

nutrient delivery and waste removal. This impedes tissue perfusion and 

worsens with intravenous fluids with exacerbation of tissue edema. 

Activated endothelium also upregulates production of Nitric oxide(NO) 

and PAF resulting in vascular smooth muscle relaxation and systemic 

hypotension.  

Induction of a Procoagulant state : 

Proinflammatory cytokines increase the production of Tissue 

Factor by monocytes and endothelial cells and decrease the production of 

endothelial anticoagulation factors such as tissue factor pathway 

inhibitor(TFPI), thrombomodulin and protein C. They hamper fibrinolyis 

also by increasing Plasminogen activator inhibitor-1 expression. All these 

effects cumulatively result in systemic activation of thrombin and the 

deposition of fibrin rich thrombi in small vessels, throughout the body 

resulting in reduced tissue perfusion. In a more severe spectrum, the 

coagulation factors and platelets are consumed by the macrophages 

resulting in concomitant bleeding the disseminated intravascular 

coagulation(DIC).  
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Metabolic abnormalities : 

Patients with sepsis exhibit insulin resistance and hyperglycemia. 

Proinflammatory cytokines and stress induced hormones favour 

gluconeogenesis. They also suppress insulin release and promote insulin 

resistance by inhibiting the GLUT 4 transporter. Hyperglycemia 

decreases neutrophil function and causes increased adhesion molecule 

expression on endothelial cells. Cellular hypoxia and diminished 

oxidative phosphorylation leads to increased lactate production and lactic 

acidosis. 

Organ Dysfunction : 

Systemic hypotension, interstitial edema and small vessel 

thrombosis all decrease the delivery of oxygen and nutrients to the 

tissues. The nutrients that are delivered are also failed to be properly 

utilized due to cellular hypoxia. High levels of inflammatory mediators 

diminish myocardial contractility and cardiac output. Endothelial injury 

and increased vascular permeability can lead to acute respiratory distress 

syndrome. All these results in failure of multiple organs particularly the 

kidneys, liver, lungs and heart, ending in death.  
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SYSTEMIC EFFECTS OF SEPSIS — When the immune response 

becomes generalized, cellular injury occurs and is the precursor to organ 

dysfunction. Mechanisms proposed to explain the cellular injury include:  

• Tissue ischemia (insufficient oxygen relative to oxygen need),  

• Cytopathic injury (direct cell injury by proinflammatory 

mediators and/or other products of inflammation), and 

• An altered rate of apoptosis (programmed cell death). 

ORGAN-SPECIFIC EFFECTS OF SEPSIS : 

Circulation — Circulatory dysfunction in sepsis is due to diffuse 

vasodilatation. It is a result of the release of vasoactive mediators, whose 

purpose is to improve metabolic autoregulation (the process that matches 

oxygen availability to changing tissue oxygen needs) by inducing 

appropriate vasodilation. Vasoactive mediators are vasodilator 

prostacyclin and nitric oxide (NO), which are produced by endothelial 

cells.  

Nitric oxide (NO) is believed to play a central role in the 

vasodilation accompanying septic shock, since NO synthase can be 

induced by incubating vascular endothelium and smooth muscle with 

endotoxin
[26,27]

.  
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Nitric Oxide in systemic circulation depresses metabolic 

autoregulation at all of the central, peripheral, and micro- regional levels 

of the circulation. NO may also trigger an injury in the central nervous 

system that is localized to areas that regulate autonomic control. 

The other important factor responsible for the persistence of 

vasodilation during sepsis is impaired compensatory secretion of 

antidiuretic hormone (vasopressin). This hypothesis is based on the 

research paper that found plasma vasopressin levels were lower in 

patients with septic shock than in patients with cardiogenic shock (3.1 

versus 22.7 pg/mL), even though the groups had similar systemic blood 

pressures
[28]

. There are supportive evidences from many other studies 

stating better hemodynamics and early withdrawal of other vasopressors 

in patients receiving vasopressin infusions. 

Localised effects on circulation : 

In the central circulation (ie, heart and large vessels), cytokines 

act as myocardial suppressants resulting in decreased systolic and 

diastolic ventricular function. Inspite of this reduced ventricular function, 

cadiac myocytes may still be able to use the Frank Starling mechanism to 

increase cardiac output, which is necessary to maintain the blood pressure 

in the presence of systemic vasodilation. Patients with preexisting cardiac 
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disease (eg, elderly patients) are the ones who will lack this compensatory 

mechanism
[29]

.  

In the regional circulation (ie, small vessels related to individual 

organs), there will be vascular hyporesponsiveness which is the inability 

to appropriately vasoconstrict leading to an inability to appropriately 

distribute systemic blood flow among organ systems. Sepsis interferes 

with the redistribution of blood flow from the splanchnic organs to the 

core organs (heart and brain) when oxygen delivery is depressed
[30]

. 

In the microcirculation (ie, capillaries), Sepsis is associated with 

a decrease in the number of functional capillaries, which causes an 

inability to extract maximal oxygen
[31]

. Compared to normal controls or 

critically ill patients without sepsis, patients with severe sepsis have 

decreased capillary density which is attributed to extrinsic compression of 

the capillaries by tissue edema, endothelial swelling, plugging of the 

capillary lumen by WBC’s or RBC’s
[32]

.  

In the endothelial level, sepsis induces structural changes to 

endothelial cells via direct and indirect interactions between the 

endothelial cells and components of the bacterial cell wall. These 

structural changes may cause endothelial dysfunction, which is associated 

with coagulation abnormalities, decreased WBCs, reduced red blood cell 

deformability, upregulation of adhesion molecules, adherence of platelets 
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and leukocytes, and degradation of the glycocalyx structure. Diffuse 

endothelial activation leads to widespread tissue edema, which is rich in 

protein
[33]

.  

Lung — Endothelial injury in the pulmonary vasculature leads to 

disturbances in pulmonary capillary blood flow and enhanced 

microvascular permeability, resulting in interstitial and alveolar edema. 

Neutrophil entrapment within the pulmonary microcirculation initiates 

and augments the injury to alveolar capillary membrane. ARDS is a 

frequent manifestation of these effects. As many as 40% of patients with 

severe sepsis develop acute lung injury
[34]

.  

Acute lung injury is a spectrum of pulmonary dysfunction 

secondary to parenchymal damage characterized by endothelial cell 

injury and destruction, deposition of platelet and leukocyte aggregates, 

destruction of type I alveolar pneumocytes and repair and hyperplasia of 

type II pneumocytes. The migration of macrophages and neutrophils into 

the interstitium and alveoli leads to production of many other mediators, 

which contribute to the alveolar an epithelial cell damage. 

Acute lung injury is reversible in the early stages, but, in most of 

the cases, the host response is uncontrolled, and the acute lung injury 

progresses to ARDS. Continued infiltration occurs with neutrophils, 

lymphocytes and fibroblasts. Alveolar inflammatory exudate persists, and 
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type II pneumocyte proliferation is present. If this can be arrested , 

resolution will occur. If not, a progressive respiratory failure and 

pulmonary fibrosis develop. The late stage of ARDS is characterized by 

an aggressive repair process, resulting in infiltration with an excess of 

fibroblasts and synthesis of the extracellular matrix (ECM) protein, 

including collagen resulting in a restrictive defect leading onto respiratory 

failure.  

Gastrointestinal tract — The endothelial injury and other 

circultatory abnormalities depress the gut's normal barrier function, 

allowing translocation of bacteria and endotoxin into the systemic 

circulation worsening the septic response. This is supported by a 

prospective cohort study which found that increased intestinal 

permeability determined from the urinary excretion of orally administered 

lactulose and mannose was predictive of the development of multiple 

organ dysfunction syndrome
[35]

.  

Liver — The reticuloendothelial cells of the liver acts as the first 

line of defense in clearing bacteria and bacteria-derived products that 

have entered the portal system from the gut. Liver dysfunction can 

prevent the elimination of enteric-derived endotoxin and bacteria-derived 

products and permits direct spillover of these potentially injurious 

products into the systemic circulation. 
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Kidney — Sepsis is often accompanied by acute renal failure. The 

mechanisms by which sepsis leads to acute renal failure are incompletely 

understood. Acute tubular necrosis due to hypoperfusion and/or 

hypoxemia is one mechanism . Systemic arterial hypotension, direct renal 

vasoconstriction, release of cytokines may also contribute to renal injury.  

Septic acute renal failure is not only attributable to hypoperfusion 

as it has been shown that sepsis is associated with normal or even 

elevated renal blood flow, because of redistribution of blood flow from 

cortical to medullary region. These macrovascular changes are associated 

with microcirculatory dysfunction, inflammatory response induced by 

pathogen-associated molecular patterns (PAMPs) and danger-associated 

molecular patterns (DAMPs) and bio-energetic adaptation response 

including tubular cell cycle arrest machinery. Thus the mechanism of 

kidney injury during sepsis may be viewed as a bio-energetics adaptation 

of tubular epithelial cells induced by dysregulated inflammation in 

response to peritubular microvascular dysfunction. 

Nervous system — Sepsis commonly affects the central nervous 

system frequently before the involvement of other organ systems. The 

most common CNS complication are an altered sensorium 

(encephalopathy) but the pathogenesis of how it occurs is poorly 

understood. A high incidence of brain abscesses was noted in one study, 
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but the role of hematogenous infection as the principal mechanism 

remains uncertain because of the heterogeneity of the observed 

pathology. CNS pathology has been linked to changes in metabolism and 

alterations in cell signalling by inflammatory mediators. Breach of the 

blood brain barrier probably contributes, allowing increased leukocyte 

infiltration, exposure to toxic substances, and active transport of 

cytokines across the barrier . Mitochondrial dysfunction and 

microvascular injury both precede functional CNS changes, as measured 

by somatosensory evoked potential. 

There is increasing evidence that the parasympathetic nervous 

system may be a mediator of systemic inflammation during sepsis. 

Afferent vagus nerve stimulation during sepsis stimulates corticotropin-

releasing hormone (CRH), ACTH, and cortisol secretion- which can be 

suppressed by subdiaphragmatic vagotomy
[36]

. 

RISK FACTORS FOR SEPSIS : 

It is important to identify the risk factors for sepsis because it is 

reported thzt they are the fifth leading cause of years of productive life 

lost due to premature mortality. Risk factors of sepsis include the 

following : 
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1. ICU Admission – Fifty percent of patients admitted to the intensive 

care unit contract hospital acquired infections and are at higher risk for 

sepsis. 

2. Bacteremia – 95% of positive blood cultures were associated with 

sepsis or septic shock. 

3. Age >65 years – age is an independent predictor of mortality due to 

sepsis. 

4. Immunosuppresion – Conditions like renal failure, liver failure, HIV, 

and patients taking immunosuppressive drugs are at higher risk for 

sepsis. 

5. Diabetes and cancer – as these may alter the immune system they are 

at higher risk. 

6. Previous Hospitalizations – these mean usage of antibiotics thereby 

increasing the chances of infection with resistant bugs. 

7. Genetic Factors – Several single nucleotide polymorphisms have been 

studied but not directly responsible. 
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ASSESSMENT OF ORGAN DYSFUNCTION IN SEPSIS : 

Identification of early sepsis (qSOFA) — Societal guidelines 

place emphasis on the early identification of infected patients who may 

go on to develop sepsis as a way to decrease sepsis-associated mortality. 

The 2016 SCCM/ESICM task force established an assessment score for 

patients outside the intensive care unit as a way to facilitate the 

identification of patients potentially at risk of dying from sepsis. This 

score is a modified version of the Sequential (Sepsis-related) Organ 

Failure Assessment score (SOFA) called the quickSOFA (qSOFA) score . 

A score ≥2 is associated with poor prognosis out of sepsis. 

The qSOFA score is easy to calculate. It has three components, all of 

which are easily identifiable at the bedside and are allocated one point 

each: 

• Respiratory rate ≥22/minute 

• Altered mentation 

• Systolic blood pressure ≤100 mmHg 

The qSOFA score was originally validated in 2016 as most useful 

in patients suspected as having sepsis outside of the ICU . It has since 

been prospectively studied in several settings including the emergency 
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The ED-based scoring system, the Mortality in Emergency 

Department Sepsis(MEDS) score, was arrived at and approved in large 

groups of ED patients with suspected infection . It has been reported to be 

less accurate in patients who are more severely ill, where prediction is 

infact more pivotal. There came the need for the validation of a simple 

scoring system that would remain accurate when applied to patients with 

severe sepsis at the time of ED presentation and also for predicting 

mortality in ICU patients and thus was framed the SOFA Score
[37] 

.  

Sequential Organ Failure Assessment (SOFA) In Sepsis takes into 

parameters like renal function, liver function, coagulation, PaO2/FiO2, 

Mean Arterial Pressure and Glasgow Coma Scale. A score of >2 indicates 

sepsis. According to a study in Belgium, during the ICU stay the 

mortality rate is at least 50 % when the score is increased, regardless of 

initial score in the first 96 hours of admission, 27% to 35% if the score 

remains unchanged, and less than 27% if the score is reduced
[38]

. 

This score was validated by interrogating over a million intensive 

care unit (ICU) electronic health record encounters from ICUs both inside 

and outside the United States of patients suspected to have sepsis . 

Among critically ill patients with suspected sepsis, the predictive validity 

of the SOFA score for in-hospital mortality was superior to that for the 

SIRS criteria. Patients who fulfill these criteria have a predicted mortality 



 

of ≥10 percent. Although

score were similar,

therefore recommended
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Although the predictive capacity of SOFA

similar, SOFA is considered easier to calculate,

recommended by the new defining committee. 

 

SOFA and LODS 

calculate, and was 

 



 

29 

POOR PROGNOSTIC FACTORS IN SEPTIC SHOCK : 

• Refractory Hypotension 

• Coma 

• Leucopenia (WBC <5000 / > 50,000 cells) 

• Thrombocytopenia (platelet count < 1,00,000) 

• Low fibrinogen (<150mg/dl)  

• Evidence Of MODS (ARDS, ARF, Acute Hepatic Failure, CNS 

Dysfunction, Myocardial Depression) 

SOURCES OF SEPSIS : 

In majority of patients with sepsis, a source of infection is 

identifiable, with the exception of patients who are immunocompromised 

with neutropenia, in which case an obvious source of infection often is 

not found. Respiratory tract infection and urinary tract infection are the 

most frequent causes of sepsis, followed by abdominal and soft tissue 

infections. The use of intravascular devices is a known cause of health 

care-acquired sepsis. Multiple sites of infection may occur in 6-15% of 

patients. 
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Before the use of antibiotics in medicine, gram-positive bacteria 

were the main organisms causing sepsis. Off late, gram-negative bacteria 

have become the key pathogens causing severe sepsis and septic shock. 

Polymicrobial sepsis is becoming a more prevalent cause of sepsis. The 

neutropenic patients are particularly at high risk for polymicrobial 

infections. The following is a list of sources of infection that lead to 

severe sepsis and septic shock in descending order of frequency: 

• Lower respiratory tract infections 

• Urinary tract infections 

• Soft tissue infections 

• CNS infections 

• GI infections 

• Foreign bodies leading to infections like intravascular devices 

ADRENAL INSUFFICIENCY IN SEPTIC SHOCK : 

In the start of the twentieth century, observations of apoptotic 

adrenal glands in patients with fatal meningococcemia established their 

vital role in the host defense against infection. Three decades after that, 
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Cortisone was discovered and was linked to have many physiological 

roles in the host response to stress.  

HYPOTHALAMO-PITUITARY ADRENAL AXIS : 

AT REST – The adrenal gland consists of two main parts – the 

inner medulla which secretes the catecholamines and the outer cortex is 

subdivided into three zones : Zona glomerulosa is the most superficially 

located and it produces mineralocorticoids( aldosterone and 

corticosterone), Zona reticularis producing the weak androgens and Zona 

fasciculata producing corticosteroids( cortisol and corticosterone). 

Cortisol is the main corticosteroid , a 19 Carbon hormone. It 

circulates in the plasma in two forms- free and active form which 

constitutes 5 to 10% of total cortisol and the rest in inactive form, 

reversibly bound to proteins namely the cortisol binding globulin and 

albumin. The production of corticosteroids is regulated by the 

hypothalamo- pituitary-adrenal(HPA) axis. Adrenocorticotrophic 

hormone(ACTH) stimulates cortisol synthesis and secretion, it also 

stimulates the secretion of enzymes that are involved in cortisol synthesis, 

as well as their cofactors and adrenal receptors for low-density 

lipoprotein cholesterol. ACTH also stimulates the production of adrenal 

androgens and mineralocorticoids to a smaller extent
[39]

.  
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Cortisol and other steroids exert a negative feedback on the HPA 

axis, inhibiting ACTH production as well as POMC 

(Proopiomelanocortin) gene transcription, and CRH (Cortisol releasing 

hormone) and AVP(Arginine vasopressin) synthesis. Secretion of ACTH, 

CRH and AVP follows a pulsatile course with a circadian rhythm. The 

secretory pulses varies through the day and is highest in the morning 

between 6 and 8 AM, rapidly decreasing towards noon and decreasing 

more slowly until midnight.  
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DURING STRESS: During the times of stress, there is 

upregulation of the HPA axis by the proinflammatory cytokines and there 

is an increase in secretion of ACTH which results in an increase in the 

cortisol levels. There is also a decrease in the levels of the cortisol 

binding globulins thereby increasing the free cortisol levels. The 

circadian rhytm of corticosteroid secretion is altered because of the 

upregulation of CRH and ACTH secretion by the inflammatory 

cytokines. All these effects happen to maintain homeostasis and to 

prevent the effects of the inflammatory cascade. The levels of random 

serum cortisol in a normal person rarely exceeds 10mcg/dL whereas, in 

critically ill patients the normal serum cortisol levels range somewhere 

between 15 to 20 mcg/dL. Thus in critically ill patients admitted to the 

ICU, the levels of serum cortisol indicates the severity of stress and 

directly correlates with the outcome of the patient. It is indeed considered 

to be an independent predictor of mortality.  

Adrenal insufficiency in Immunosuppressed individuals : 

Human Immunodeficiency Virus patients has dysregulated effects 

on the hypothalamic–pituitary– adrenal axis.. Adrenal insufficiency in 

critically ill HIV-infected patients is thus very common. The threshold for 

testing of the HPA axis in critically ill HIV patients should be low.  
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Drugs and HPA Axis :  

One should be careful in interpreting cortisol values in women 

taking oral contraceptives, since synthetic estrogens increase the level of 

corticosteroid-binding globulin. Thus total cortisol levels may be elevated 

to the normal range even when adrenal insufficiency is present. 

The use of drugs like rifampin and ketoconazole, increase the risk 

of hypoadrenalism. In some patients using these drugs there is acquired 

tissue specific corticosteroid resistance.  

MECHANISM OF ADRENAL INSUFFICIENCY IN SEPSIS : 

The Causes of Adrenal Insufficiency can be grouped into three 

categories:  

1) Impaired steroidogenesis,  

2) Adrenal dysgenesis/hypoplasia, and  

3) Adrenal destruction. 

Adrenal Insufficiency(AI) occurs only when a large part of the 

function of the adrenal gland is lost. Primary AI is caused by processes 

that damage the adrenal glands or by drugs that block cortisol synthesis. 

On the contrary, secondary AI results from decrease in the secretion of 

ACTH by the pituitary gland because of a pituitary or hypothalamic 
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pathology. More often in sepsis necrosis or hemorrhage of the 

hypothalamus or of the pituitary gland have been reported, as a result of 

prolonged hypotension or severe coagulation disorders. Viral and fungal 

infections can cause a chronic primary AI in immunosuppressed 

individuals. 

DIAGNOSING AI IN SEPSIS :  

In patients with severe stress, like sepsis, serum cortisol level 

should be more than 18 µg/dL at any time. Any value less than that would 

indicate adrenal insufficiency. With primary AI, ACTH is going to be 

increased and it being normal or reduced indicates a secondary cause for 

AI. The ACTH stimulation test is done on the principle that inability of a 

diseased adrenal gland to respond acutely to the injection of ACTH by 

secreting cortisol. ACTH is injected intravenously (or intramuscularly), 

and serum cortisol levels are measured at 30 or 60 minutes. In sepsis or 

critically ill patients, cortisol levels less than 15 µg/dL or a cortisol 

increment of 9 µg/dL or less indicates AI and identifies patients that 

require a replacement therapy
[40]

. An increase in cortisol level more than 

9 µg/dL with the basal level above 34 µg/dL, suggests tissue resistance to 

corticosteroid. 
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Tissue resistance to corticosteroids is attributed to the low cortisol 

binding globulin and low albumin levels, resulting in increased levels of 

circulating free cortisol
[41]

. However, the free cortisol may not be properly 

delivered to target tissues. Other methods of tissue resistance to 

corticosteroids include down-regulation of the glucocorticoid receptor 

alpha , decrease in its affinity for cortisol, or over-expression of 11-beta 

hydroxysteroid dehydrogenase, resulting in increased breakdown of 

cortisol
[42]

.  

EFFECT OF CORTICOSTEROIS IN SEPTIC SHOCK : 

In a study by McKee et all in as early as 1985 involving 18 

critically ill patients, treatment with 100 mg twice daily of hydrocortisone 

dramatically improved intensive care unit survival rate, as compared to 

standard treatment alone (90% vs. 12.5%)
[43]

. 

It was followed by 11 randomized clinical trials using longer 

course (one week or more) and moderate doses (200 to 300 mg daily) of 

hydrocortisone, or equivalent, in patients with severe sepsis or septic 

shock, totaling 1184 patients
[44,45,46,47,48,49,50]

 .  

The pooled estimate from these studies showed a significant 

(p=0.04) reduction in mortality with glucocorticoids. There were 223 

deaths of a total of 594 patients in the glucocorticoid treated group, and 



 

37 

255 deaths or 590 total patients in the control group. The relative risk of 

mortality was 0.87 (95% CI: 0.76 to 0.99) in favor of treatment with 

glucocorticoids. 

  

There are very few studies about adrenal insufficiency in Indian 

patients with septic shock. In the adult population, Chacko et al (2004)
[12]

 

employed the low dose Synacten test in a group of 49 patients and 

demonstrated a high incidence of 82 % of relative adrenal insufficiency in 

patients with septic shock on vasopressors. Other available literatures are 

confined to case reports in adults and studies in children and neonates. 

Visvanathan et al(2003)
[14]

 demonstrated a decrease in vasopressor 

therapy duration in two burns patients with corticosteroid replacement. 
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On the whole, clinical trials of supraphysiologic doses of 

corticosteroid therapy in sepsis patients, published before 1989 revealed 

that steroids are harmful. However, the subsequent trials of physiologic 

doses of steroids in sepsis in the early 2000’s demonstrate an overall 

improvement in survival and shock reversal. These contradictory results 

may be explained by a linear relationship between the dose of steroids 

and their effect on survival. At high doses, steroids have marked 

immunosuppressive effects that may increase the severity of primary or 

secondary infections and lead to worse outcomes. On the contrary, 

moderate doses of steroids may be beneficial through either augmentation 

of adrenal function in the stressed state or limited anti-inflammatory 

properties that does not cause harmful immunosuppression. The effects of 

physiologic doses of steroids do not statistically differ between 

responders and nonresponders to corticotropin stimulation testing. 

Analysis demonstrated that patients with established vasopressor 

dependent septic shock for at least 2 hours and for as long as 72 hours 

had improved shock reversal and survival if given a 5- to 7-day course of 

physiologic doses of hydrocortisone (200 to 300 mg/d) followed by a  

5- to 7-day taper. 
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SERUM CORTISOL AND MORTALITY : 

A study by Sam et all in 2004 demonstrated significant mortality in 

sepsis patients who had exaggerated HPA axis activation in response to 

stress. This study demonstrated Significant Mortality of 81% when the 

cortisol levels exceeded 1242nmol/L (45mcg/dL). The reason attributed 

was that severe sepsis/ septic shock leads to an exaggerated stimulation of 

HPA axis resulting in elevated basal levels of cortisol in this state and 

also promotes a catabolic state of hypoproteinemia so that the cortisol 

that is secreted are not transported to the target tissues resulting in tissue 

resistancee to corticosteroids. It is associated with increased mortality
[51]

.  

Cortisol binding globulin plays an active role in the glucocorticoid 

response to severe stress and in the regulation of cortisol availability to 

target tissues. In the early stages of sepsis or septic chock , the CBG 

levels were markedly decreased thereby increasing the free cortisol 

levels. So measuring free cortisol levels are not useful in identifying 

adrenal insufficiency as the available cortisol is not going to be directed 

to the target tissues
[52]

.  
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RECOMMENDATIONS FOR CORTICOSTEROID USE IN 

SEPSIS
[53]

 : 

• Corticosteroids should be administered in sepsis patients only in 

the presence of shock. 

• Corticosteroids are to be used in septic shock patients who do 

not repond well to fluid and moderate-high dose vasopressor 

therapy. 

• Low dose and long course of steroid therapy is recommended in 

septic shock rather than high dose and short course. 

• Corticosteroids are recommended in patients with early 

moderate to severe ARDS (PaO2/FiO2 <200 and within 14 days 

from onset). 

• Corticosteroids are not to be in cases of major trauma.  
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MATERIALS AND METHODS  

SOURCE OF DATA : 

Patients who were admitted with septic shock in the Intensive 

Medical Care Unit(IMCU) in the Institute of Internal Medicine, Madras 

Medical College and Rajiv Gandhi Government General Hospital, 

Chennai-3, with fulfillment of inclusion and exclusion criteria were 

included in the study. 

STUDY DESIGN : 

Prospective and Observational study 

STUDY DURATION : 

6 months 

STUDY CENTRE :  

Madras Medical College and Rajiv Gandhi Government General 

Hospital, Chennai-3 

SAMPLE SIZE : 

50 patients  
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INCLUSION CRITERIA : 

• Patients who are more than 18 years of age 

• Meeting the criteria for sepsis by the Sepsis-3 Guidelines 2016 

• With systolic BP <90 mmHg despite fluid therapy and more 

than one hour of vasopressor requirement  

• Within 72 hours of onset of sepsis 

EXCLUSION CRITERIA : 

• Patients less than 18 years of age 

• Pregnant women 

DATA COLLECTION AND METHODS: 

Patients who were admitted to the Intensive Medical Care 

Unit(IMCU) with septic shock meeting the SEPSIS -3 (2016) criteria for 

septic shock , were selected for this observational study according to 

inclusion and exclusion criteria.  

At the time of admission to the IMCU, these patients were 

examined by the investigator. A proforma attached to the annexure was 

used for this. Required information and test results to assess the SOFA 
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score were obtained for all these patients. The outcome of all these 

patients were followed up and following end points are taken into 

account- discharged from the IMCU, Death in < 7 days, Death in < 28 

days and Against Medical Advice discharge. 

Blood sample for serum cortisol was taken for all these patients 

under study within 48 hours of onset of sepsis. The cut-off of serum 

cortisol for adrenal insufficiency was taken to be < 15 mcg/dL based on 

the evidence from the existing literature. The patients who were found to 

have adrenal insufficiency were given hydrocortisone 50mg four times a 

day(200mg/day) for 5 days and dose tapered in the next two days. The 

outcome of the patients, vasopressor requirement and mechanical 

ventilation requirement were compared.  

Correlation between the adrenal insufficiency and following 

variables were done: 

• Age wise distribution 

• Sex wise distribution 

• Vasopressor requirement 

• Mechanical Ventilation requirement 

• Source of Sepsis 
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• Organisms Causing Sepsis 

• CRP Positivity 

• Outcome of the Patients 

STATISTICAL METHODS: 

The data was analysed using SPSS software. Pearsons correlation 

coefficient and p value were calculated to find the statistical significance. 

Variables were considered to be significant if p value < 0.05. To compare 

three mean values, one-way ANOVA is applied followed by either 

Tukey’s HSD post hoc tests for multiple pairwise comparisons. To 

compare two mean values, independent samples t-test were applied. To 

compare proportions between study and control groups,Chi-Square test 

was applied, if any expected cell frequency is less than five then Fisher’s 

exact test was used. To analyze the data, SPSS (IBM SPSS Statistics for 

Windows, Version 20.0, Armonk, NY: IBM Corp. Released 2013) was 

used. Significance level is fixed as 5% (α = 0.05). 
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OBSERVATION AND RESULTS 

First we will discuss the frequency distribution of various 

parameters studied in this research and then the comparison of each 

parameter with the cortisol levels will follow. 

1. Age Distribution: 

Age Frequency Percent 

<30 6 12.0 

30-60 20 40.0 

>60 24 48.0 

Total 50 100.0 

 

 

  

12%

40%

48%

Age group

<30

30-60

>60
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2. Sex Distribution : 

Gender Frequency Percent 

Female 15 30.0 

Male 35 70.0 

Total 50 100.0 

 

 

 

  

30%

70%

Gender

Female

Male
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3. Frequency Of Comorbidities : 

Co morbidity Frequency Percent 

CAD 4 8.0 

CAD, CKD 1 2.0 

CAD,CKD 1 2.0 

CKD 1 2.0 

DM 8 16.0 

DM,CAD 1 2.0 

DM,CKD 4 8.0 

DM,DCLD 2 4.0 

DM,SHT 2 4.0 

DM,SHT,CAD 1 2.0 

Nil 19 38.0 

SHT 2 4.0 

SHT,CAD 1 2.0 

SHT,CKD 2 4.0 

SHT,DM 1 2.0 

Total 50 100.0 
 

 

  

CAD, 8%

CAD, CKD, 2%

CAD,CKD, 2%

CKD, 2%

DM, 16%

DM,CAD, 2%

DM,CKD, 8%

DM,DCLD, 4%

DM,SHT, 4%
DM,SHT,CAD, 2

%

Nil, 38%

SHT, 4%

SHT,CAD, 2%

SHT,CKD, 4%
SHT,DM, 2%

Co morbidity
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4. Immune Status : 

Immunological status Frequency Percent 

Immunodeficient 8 16.0 

Immunocompetent 42 84.0 

Total 50 100.0 
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5. q SOFA Score : 

qSOFA score 

2.00 

3.00 

Total 
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 Frequency 

16 

34 

50 

 

2 3

32%

68%

qSOFA score

Percent 

32.0 

68.0 

100.0 

 



 

6. Source of Sepsis

Source of sepsis

Abdomen 

CNS 

OTHERS 

Pneumonia 

Skin 

UTI 

Total 
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Sepsis : 

sepsis Frequency 

3 

8 

3 

 17 

5 

14 

50 

 

16%

6%

34%

10%

Source of sepsis

Percent 

6.0 

16.0 

6.0 

34.0 

10.0 

28.0 

100.0 

 

28%



 

7. Organisms Causing

Microorganism

ACINETOBACTER

Ecoli 

Kleibsiella 

MRSA 

MSSA 

Others 

Pseudomonas 

Streptococci 

Total 
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Causing Sepsis : 

Microorganism Frequency 

ACINETOBACTER 6 

9 

6 

2 

1 

12 

 7 

 7 

50 

 

18%

12%

4%
2%

24%

14%

Microorganism

Percent 

12.0 

18.0 

12.0 

4.0 

2.0 

24.0 

14.0 

14.0 

100.0 

 

14% 14%



 

8. CRP Positivity :

CRP activity 

Negative 

Positive 

Total 
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: 

 Frequency 

19 

31 

50 

 

Negative Positive

38%

62%

CRP activity

Percent 

38.0 

62.0 

100.0 

 



 

9. Mechanical Ventilation

Mechanical ventilator

No

Yes

Total
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Ventilation : 

ventilator support Frequency 

No 31 

Yes 19 

Total 50 

 

No Yes

62%

38%

Mechanical ventilator support

Percent 

62.0 

38.0 

100.0 

 



 

10. Outcome Of the

Final Outcome

AMA 

Death in < 7days

Death<28 days

Discharged 

Total 
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the Patients : 

Outcome Frequency 

5 

7days 17 

days 4 

24 

50 

 

DISCHARGE
DEATH IN 

<7DAYS DEATH IN 

<28 DAYS
AMA

OUTCOME OF PATIENTS 

Percent 

10.0 

34.0 

8.0 

48.0 

100.0 

 

AMA
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11. SERUM CORTISOL : 

Adrenal Insufficiency Frequency Percent 

No 31 62.0 

Yes 19 38.0 

Total 50 100.0 

 

 

 
 

Thus, in our study out of 50 patients with septic shock, 38%(n=22) 

were found to have adrenal insufficinency.  

  

62%

38%

Adrenal insufficiency
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Comparison of parameters

groups : 

1. Age distribution

Age * serum_cortisol Crosstabulation

Age 

<30 
Count

% within serum_cortisol

>60 
Count

% within serum_cortisol

30-60 
Count

% within seru

Total 
Count

% within serum_cortisol

Pearson Chi-Square=0.318
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parameters with adrenal sufficient and

distribution and Serum cortisol : 

Age * serum_cortisol Crosstabulation

 
serum_cortisol

<15 

Count 2 

% within serum_cortisol 9.1% 14.3%

Count 11 

% within serum_cortisol 50.0% 46.4%

Count 9 

% within serum_cortisol 40.9% 39.3%

Count 22 

% within serum_cortisol 100.0% 100.0%

Square=0.318 p= 0.853 

 

<30 yrs 30-60 

yrs

>60 yrs

Age

Age and Cortisol

and insufficient 

Age * serum_cortisol Crosstabulation 

serum_cortisol 
Total 

>15 

4 6 

14.3% 12.0% 

13 24 

46.4% 48.0% 

11 20 

39.3% 40.0% 

28 50 

100.0% 100.0% 

 

<15mcg/dL

>15mcg/dL



 

2. Sex Distribution

Cortisol <15 

15 & above

Total 

 

Pearson Chi-Square=0.139
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Distribution and Serum Cortisol : 

Crosstab 

 
Sex 

F M

Count 6 16

% within Sex 40.0% 45.7%

above Count 9 19

% within Sex 60.0% 54.3%

Count 15 35

% within Sex 100.0% 100.0%

Square=0.139 p= 0.709 

 

<15 15&above

40%

60%

46%

54%

Female Male

Total 
M 

16 22 

45.7% 44.0% 

19 28 

54.3% 56.0% 

35 50 

100.0% 100.0% 

54%



 

3. Immune Status 

 

cortisol <15 

15 & 

above 

Total 

 

Pearson Chi-Square=0.163
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 and Serum Cortisol : 

Immunological status

immuno 

deficient 

immuno

competent

Count  3 19

% within 

Immunological 

status 

37.5% 45.2%

Count 5 23

% within 

Immunological 

status 

62.5% 54.8%

Count 8 42

% within 

Immunological 

status 

100.0% 100.0%

Square=0.163 p= 0.686 

 

immuno deficient immuno competent

38% 45%

62% 55%

15&above <15

status 

Total 

mmuno 

competent 

19 22 

45.2% 44.0% 

23 28 

54.8% 56.0% 

42 50 

100.0% 100.0% 

 



 

4. q SOFA Score and

Crosstab 

 

Cortisol <15 

15 & 

above 

Total 

 

Pearson Chi-Square=18.487**
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and Serum Cortisol : 

qSOFA score

2.00 3.00

Count 0 

% within qSOFA 

score 
0.0% 64.7%

Count 16 

% within qSOFA 

score 
100.0% 35.3%

Count 16 

% within qSOFA 

score 
100.0% 100.0%

Square=18.487** p< 0.001 

<15 15&above

0%

100%

65%

35%

q SOFA Score

2 3

score 

Total 3.00 

22 22 

64.7% 44.0% 

12 28 

35.3% 56.0% 

34 50 

100.0% 100.0% 

 



 

5. Source of Sepsis

 

Crosstab 

 

cortisol 

<15 

Count 

% within

Source 

of sepsis

15 & 

above 

Count 

% within

Source 

of sepsis

Total 

Count 

% within

Source 

of sepsis

 

Pearson Chi-Square=12.033*
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Sepsis and Serum Cortisol : 

Source of sepsis 

Abdomen CNS Others Pneumonia Skin

1 3 0 7 5

within 

sepsis 

33.3% 37.5% .0% 41.2% 100.0%

2 5 3 10 0

within 

sepsis 

66.7% 62.5% 100.0% 58.8% .0%

3 8 3 17 5

within 

sepsis 

100.0% 100.0% 100.0% 100.0% 100.0%

Square=12.033* p= 0.034 

 

<15 15&above

33%

67%

38%

62%

0%

100%

41%

59%

100%

43%

Abdomen CNS OTHERS Pneumonia

Total 
Skin UTI 

5 6 22 

100.0% 42.9% 44.0% 

0 8 28 

.0% 57.1% 56.0% 

5 14 50 

100.0% 100.0% 100.0% 

15&above

59%

0%

57%

Skin UTI



 

6. Organisms causing
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causing sepsis and Serum Cortisol : 

Crosstab 

Microorganism 
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7. CRP and Serum
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Serum Cortisol : 

CRP_activity Crosstabulation 

 CRP_activity

Negative Positive

Count 5 17

% within CRP_activity 26.3% 54.8%

Count 13 9

% within CRP_activity 68.4% 29.0%

Count 1 5

% within CRP_activity 5.3% 16.1%

Count 19 31

% within CRP_activity 100.0% 100.0%

Square=7.49* p=0.024 
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8. Vasopressor Requirement
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Requirement and Serum Cortisol : 

opressor_requirement * serum_cortisol Crosstabulation

 
serum_cortisol

<15 

Count 3 

% within serum_cortisol 13.6% 39.3%

Count 9 

% within serum_cortisol 40.9% 42.9%

Count 4 

% within serum_cortisol 18.2% 14.3%

Count 4 

% within serum_cortisol 18.2% 

Count 2 

% within serum_cortisol 9.1% 

Count 22 

% within serum_cortisol 100.0% 100.0%

Square=8.198 p=0.085 
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9. Vasopressor requirement

Group Statistics 
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requirement and Outcome : 

outcome N Mean 
Std. 

Deviation 

Std. Error

Mean 

Discharge/ 

 
28 3.14 1.380 .261 

 22 6.00 1.952 .416 

 

significant association with duration

the outcome of the patient confirming the

  

Discharge/AMA Death

3.14

6

Outcome

Error 

 
t value 

6.061** 
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Ventilation and Serum Cortisol : 

Crosstab 

 

@ Mechanical ventilatory

support 

No 

Count 10 
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ventilatory support 
67.7% 

Count 31 

within @ Mechanical 

ventilatory support 
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Square=4.565* p=0.033 
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the patients and Serum Cortisol : 

 * @_Final_Outcome Crosstabulation 

@_Final_Outcome 

AMA 
Death in 

< 7days 

Death<28 

days 
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Count 2 11 2 

40.0% 64.7% 40.0% 

Count 2 1 3 

40.0% 5.9% 60.0% 

Count 1 5 0 

20.0% 29.4% .0% 

Count 5 17 5 

100.0% 100.0% 100.0% 

Square=19.916** p=0.003 
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The mortality was high in both patients with very low and very 

high serum cortisol levels. Overall, 65% of patients with cortisol 

<15mcg/dl and 29% of patients with cortisol > 40mcg/dl have died in the 

first week of sepsis. p value was statistically significant (0.003). There 

was a significantly high mortality of 83% in patients with cortisol levels > 

40mcg/dL.  
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DISCUSSION 

Out of 50 patients who were admitted to the IMCU with septic 

shock included in the study according to the inclusion and exclusion 

criteria, 38%(n=22) of them had adrenal insufficiency and 62%(n=28) did 

not have adrenal insufficiency. Age distribution, Gender distribution, 

Source of sepsis, Organsims causing sepsis, q Sofa score, Vasopressor 

requirement, Mechanical ventilation requirement, CRP positivity and 

outcome of the patients were compared.  

In most patients, it remains a very difficult task to recognize 

adrenal insufficiency in a patient in the intensive medical care unit. 

Significant clues to the diagnosis are hemodynamic instability despite 

adequate fluid resuscitation (most often associated with a hyperdynamic 

circulation and decreased systemic vascular resistance) and ongoing 

evidence of inflammation without any source that does not respond to 

empirical treatment.
[54]

 

Many factors further complicate the testing of the hypothalamic–

pituitary–adrenal axis in patients with critical illness. Expected increase 

in cortisol levels vary with the type and severity of illness, making it very 

difficult to define normal ranges. As the highest levels of cortisol are 

found in patients with the most severe illness, both high and low cortisol 
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levels have been shown to be associated with a poor prognosis.

[10]
 

Changes in levels of corticosteroid-binding globulin makes it more 

complicated in the estimation of free cortisol levels. Even if levels of free 

circulating cortisol could be measured accurately, the fact that tissue 

resistance to corticosteroids varies with respect to different tissues 

implies that the optimal levels of circulating corticosteroids can vary 

according to the patient’s condition. 

Inspite of the relationship between cortisol levels and the severity 

of illness, it is hard to ascertain usefully what should be an appropriate 

response in a critically ill patient. It would be of much use to identify a 

minimal threshold level below which adrenal insufficiency is likely and a 

maximal threshold level above which insufficiency is unlikely. Proposed 

minimal levels have ranged from 10 µg per deciliter (276 nmol per 

liter)28 to 34 µg per deciliter (938 nmol per liter), but several studies 

suggest that a threshold of 15 µg per deciliter (414 nmol per liter) fits best 

in identifying patients with clinical features of corticosteroid 

insufficiency or those who would benefit from corticosteroid 

replacement.
[40]

 Hence, in our study also we have used serum cortisol 

levels of 15mcg/dL as cut off for absolute adrenal insufficiency. We have 

not assessed the relative adrenal insufficiency as our access to ACTH 

injections were minimal. We have also assessed the effect of cortisol on 
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the patient outcome, vasopressor requirement and mechanical ventilation 

requirement. 

Previous studies for the incidence of relative adrenal insufficiency 

showed a range from as low as 27% to 84 %. In the Annane et al study, 

an incidence of 76.3% of relative adrenal insufficiency in Septic Shock, 

as determined by the Short Synacthen Test was noted. It also 

demonstrated a decrease in mortality by 10% compared to placebo and a 

17% increase in withdrawal of vasopressor therapy at day 28 in patients 

administered replacement doses of corticosteroids compared to placebo. 

They also had high mortality rate of 67% in those who had high cortisol 

levels >34mcg/dL and a poor response to corticotrophin stimulation.  

 In our study, there was 38% incidence of absolute adrenal 

insufficiency and outcome of the patients was poor in the adrenal 

insufficiency group. Pearson chi square was 19.916 and p value was 

statistically significant (0.003).  

The Vasopressor requirement was significantly high in the adrenal 

insufficiency group of patients with 18% of patients requiring 8 hours of 

vasopressors in the adrenal insufficiency group whereas only 4% required 

vasopressors for eight hours in the sufficient group. 9% of patients in the 

adrenal insufficiency group required vasopressors for 10 hours whereas 
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none of them in the sufficient required for 10 hours. This shows a 14% 

decrease in vasopressor requirement with a significant p value of 0.085.  

The requirement of mechanical ventilation was 63% in the adrenal 

insufficient group and 37% in the sufficient group. The p value was 0.033 

and was statistically significant.  

The analysis of serum cortisol levels and the outcome of the 

patients revealed an association between very low and very high cortisol 

levels and significant mortality rate. In a previous study by Sam et all in 

2004 revealed a mortality rate of 54% in patients with serum cortisol < 

12mcg/dL and 41% in the patients with cortisol levels between 12 and 

40mcg/dL and 81% in patients having >40mcg/dL of cortisol. In our 

study results are comparable with mortality of 59% in pateitns with 

cortisol < 15mcg/dL and 5 out of 6 patients who had cortisol levels who 

had serum cortisol levels >40mcg/dL died in the first one week with a 

mortality rate of 83% .The significantly high mortality with the high 

cortisol values is attributed to the tissue resistance to corticosteroids. This 

very high mortality associated with both the extremes of the spectrum 

makes it very difficult to formulate a universal guideline on corticosteroid 

supplementation in septic shock. Hence it is warranted that all septic 

shock patients be tested for adrenal insufficiency and then only given 

corticosteroid replacement.   
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SUMMARY 

 Sepsis is a life threatening issue worldwide with 8.2 per 100 ICU 

admissions every year. The mortality rate of patients landing up in septic 

shock is 20-40% despite adequate treatment. Several researches are being 

conducted to find more targeted therapies for treating sepsis and septic 

shock, thereby reducing the mortality and reducing the lost number of 

years of quality life. These researches lead to the identification of the role 

of Hypothalamo- Pituitary- Adrenal axis in sepsis.  

The surging of proinflammatory cytokines in sepsis leads to the 

upregulation the HPA axis by releasing corticotrophin and ACTH. So in 

general the cortisol levels are expected to be increased in critically ill 

patients. But it is very difficult to determine the exact levels of rise of 

cortisol , because it will vary according to the severity of illness and the 

persons prior comorbities and other conditions.  

It is diagnosed by measuring cortisol levels and also response of 

cortisol to short synacthen test. Prior studies have shown the incidence of 

adrenal insufficiency in the ranges of 27% to 84% . Studies prior to 1989, 

have used high dose steroids and have reported increased mortality 

probably because of the immunosuppressive effects of corticosteroids. 

Studies after 1990’s have used low to moderate doses of corticosteroids 
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and have found mixed results. Study by Annane et all and the 

CORTICUS trial have demonstrated high rates of relative adrenal 

insufficiency and also decreased mortality rate and vasopressor 

requirement in septic shock patients. But there is very limited studies 

measuring the adrenal insufficiency in the Indian population . Chacko et 

al demonstrated 82% of adrenal insufficiency in his study of 49 patients. 

Visvanathan et al demonstrated reduced vasopressor requirement in 

corticosteroid supplemented patients.  

Our study was an observational study , conducted for a duration of 

six months with the objective of assessing the incidence of adrenal 

insufficiency in patients with septic shock and also to assess the 

relationship between serum cortisol levels and outcome of the patients. 

The cut off value of serum cortisol for defining absolute adrenal 

insufficiency was taken as 15mcg/dL based on the existing evidences. 

The outcome of the patients were analyzed as discharge from the IMCU, 

Death in < 7 days, Death in <28 days, AMA Discharge. The other 

parameters that were compared with serum cortisol groups were age 

distribution, gender distribution, q sofa score, immune status of the 

patient, sources of sepsis, organisms causing sepsis, CRP positivity, 

vasopressor requirement, need for mechanical ventilation.  
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Required information were obtained from the study population 

using a proforma . A q sofa at the bedside was done for early prediction 

of mortality and a detailed SOFA score was calculated for assessing the 

organ dysfunction once the lab results are available. A random serum 

cortisol was taken within 72 hours of onset of sepsis in these patients and 

patients were started on low dose hydrocortisone therapy 50mg four times 

a day. Once the results came, steroids were stopped in those who had 

normal cortisol levels and those who had adrenal insufficiency were 

supplemented with hydrocortisone for 7 days and then stopped.  

Among the 50 patients in study, 12%(n=6) were < 30years of age, 

40%(n=20) were between 30-60 years of age and 48%(n=24) were above 

60 years of age. 70% of the study population (n=35) were males and 

30%(n=15) were females. Out of the study population 38% had no 

comorbidities and rest had either one or multiple comorbities. 16%(n=8) 

were immunodeficient and 84%(n=42) were immunocompetent.  

Among the sources of sepsis, Pneumonia tops with 34% , followed 

by Urosepsis with 28% , CNS at 16%, skin 10% , Abdominal sepsis at 

6%. In the microorganisms causing sepsis E.coli was responsible for 18% 

of cases, Pseudomonas and Streptococci 14%, Klebsiella and 

Acinetobacter 12%. 
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There was a significant increase in vasopressor requirement (p= 

0.08) and requirement for mechanical ventilation (p=0.03) in the adrenal 

insufficiency group. The analysis of outcome of patients revealed a 59% 

mortality in the adrenal insufficiency group(p=0.003) and 40% mortality 

in the sufficient group. In patients with serum cortisol levels > 40mcg/dL 

there is a significantly increased mortality of 83% indicating tissue 

resistance to steroids.  
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CONCLUSION  

• In this study, the incidence of absolute adrenal insufficiency in 

the patients admitted to our IMCU was 38 %. 

• On analysis of the patients based on the presence of relative 

adrenal insufficiency, patients were comparable when observed 

for age distribution, sex distribution, immune status, source of 

sepsis, organisms causing sepsis, vasopressor requirement, 

mechanical ventilation requirement, CRP positivity and 

outcome of the patient. 

• The mortality rate was 59.1% in the adrenal insufficiency group 

versus 40.9% in the sufficient group which was statistically 

significant (p=0.04) 

• Multiple linear regression analysis showed duration of 

vasopresor requirement (p=0.08) and the requirement of 

mechanical ventilation (p=0.03) were significantly high in the 

patients with adrenal insufficiency.  

• 59% of patients with cortisol levels <15mcg/dL and 83% of 

patients with cortisol levels >40mcg/dl died within the first 

week of sepsis.   



 

77 

LIMITATIONS 

• The number of cases studied was only 50. This number is much 

smaller than the numbers studied in many major studies, 

including the pioneering studies done by Annane et al, and the 

CORTICUS trial. 

• The data collection was primarily done in the initial period of 

ICU stay and subsequently the final outcome was noted. 

Lacunae of information as to the complications and progress 

during ICU stay exist.  

• All patients had received steroids for an initial period of up to 

48 hours pending cortisol reports which may be the 

confounding factor determining insignificant differences 

between the groups. 

• In our study we did not do the short synacthen test as we had 

very limited access to ACTH injections and so relative adrenal 

insufficiency was not measured. Had we done that, the 

percentage of adrenal insufficiency would have been still more.  

• The study centre being a referral centre, patients in the study 

group presented at various points of their illness and were not 

evaluated for lead time bias.  
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RECOMMENDATION 

As the incidence of adrenal insufficiency in our population is quite 

high (38%) and chances of relative adrenal insufficiency being still more, 

we would recommend in giving low dose corticosteroids in patients with 

septic shock who don’t improve with fluid therapy and require 

vasopressors. We also recommend for the testing for the cortisol levels in 

all these patients and in case being normal, suggest on discontinuing 

steroid therapy as there is a significantly high mortality associated with 

high cortisol levels in our study. 
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Master Chart 

 

 
 

 

 

 

 

 

S.No Age Sex Comorbidity

Immunological 

status

qSOFA 

score

Source of 

sepsis Microorganism

CRP 

activity

Vasopressor 

requirement

 Mechanical 

ventilatory 

support

 Serum 

Cortisol 

level  Final Outcome

1 <30 M DM 1 3 Pneumonia Kleibsiella Positive 10 hrs Yes 8 Death in < 7days

2 <30 M Nil 1 2 Pneumonia Streptococci Negative 2 hrs No 20 Discharged

3 <30 F Nil 1 3 CNS Others Positive 4hrs Yes 32 Death in < 7days

4 <30 M Nil 1 2 Pneumonia Streptococci Positive 4hrs No 24 Discharged

5 <30 M Nil 1 2 Pneumonia Streptococci Negative 4hrs No 30 Discharged

6 <30 M Nil 1 3 CNS Others Positive 8hrs Yes 11 Discharged

7 30-60 M DM 1 3 Pneumonia MRSA Positive 6hrs Yes 8 Death in < 7days

8 30-60 F DM 1 3 Uti Ecoli Positive 6hrs Yes 9 Death in < 7days

9 30-60 M CAD 1 3 Pneumonia Streptococci Negative 2hrs No 11 Discharged

10 30-60 M DM,CAD 1 3 CNS Streptococci Negative 4hrs No 12 Discharged

11 30-60 F CKD 0 3 UTI Kleibsiella Positive 4hrs No 13 Discharged

12 30-60 M SHT,DM 1 3 UTI Ecoli Negative 4hrs No 14 AMA 

13 30-60 M SHT,CKD 1 3 Skin Pseudomonas Positive 6hrs No 8 Death in < 7days

14 30-60 M CAD 1 3 UTI Ecoli Negative 2hrs No 18 Discharged

15 30-60 M CAD, CKD 1 3 Pneumonia ACINETOBACTER Positive 10hrs Yes 5 Death in < 7days

16 30-60 F Nil 1 2 UTI Ecoli Negative 2hrs No 20 Discharged

17 30-60 M Nil 1 3 CNS Others Negative 2hrs No 24 Discharged

18 30-60 M Nil 1 2 Pneumonia ACINETOBACTER Positive 4hrs No 42 Death in < 7days

19 30-60 F DM 0 3 UTI Kleibsiella Positive 2hrs No 34 Discharged

20 30-60 M DM,CKD 1 3 Skin Pseudomonas Positive 4hrs Yes 10 Death in < 28days

21 30-60 M DM,DCLD 0 3 Abdomen Ecoli Positive 4hrs Yes 54 Death in < 7days

22 30-60 M Nil 1 3 CNS Others Positive 4hrs Yes 50 Death in < 7days

23 30-60 M SHT 1 2 Pneumonia Streptococci Negative 2hrs No 26 Discharged

24 30-60 F DM 1 2 UTI Ecoli Positive 4hrs No 36 Discharged

25 30-60 M Nil 0 2 UTI Ecoli Negative 4hrs No 19 Discharged



 

97 

 
 

26 30-60 M Nil 1 3 CNS Others Positive 6hrs Yes 40 Death<28 days

27 >60 M DM,CKD 1 3 UTI Kleibsiella Positive 8hrs Yes 6 Death in < 7days

28 >60 M DM,DCLD 0 3 Abdomen Pseudomonas Positive 4hrs No 7 Death in < 7days

29 >60 F DM,CKD 1 3 UTI Kleibsiella Positive 4hrs No 9 Death in < 7days

30 >60 M SHT,CKD 1 3 Pneumonia MRSA Positive 4hrs Yes 11 Death in < 7days

31 >60 F DM,SHT,CAD 1 3 Skin MSSA Negative 2hrs No 14 Discharged

32 >60 M SHT,CAD 1 3 CNS Others Positive 4hrs Yes 10 AMA

33 >60 M DM,SHT 1 3 Skin Others Positive 2hrs No 13 Discharged

34 >60 F DM 1 3 Skin Pseudomonas Positive 6hrs Yes 10 Death<28 days

35 >60 F CAD,CKD 0 3 UTI Pseudomonas Positive 8hrs Yes 7 Death in < 7days

36 >60 M nil 1 3 Pneumonia ACINETOBACTER Negative 4hrs No 12 Discharged

37 >60 M Nil 1 3 Pneumonia ACINETOBACTER Positive 8hrs Yes 9 Death in < 7days

38 >60 M Nil 0 2 Pneumonia Pseudomonas Negative 2hrs No 18 AMA

39 >60 M DM 1 2 UTI Kleibsiella Positive 4hrs No 22 Discharged

40 >60 F Nil 1 2 Pneumonia Pseudomonas Positive 6hrs Yes 44 Death in < 7days

41 >60 M Nil 1 3 Pneumonia ACINETOBACTER Positive 6hrs No 46 Death in < 7days

42 >60 M DM,SHT 1 3 Pneumonia ACINETOBACTER Negative 2hrs No 35 AMA

43 >60 F CAD 1 2 UTI Others Positive 4hrs No 34 Discharged

44 >60 M CAD 0 3 CNS Others Negative 4hrs No 30 Discharged

45 >60 M DM,CKD 1 2 Abdomen Ecoli Positive 8hrs Yes 38 Death<28 days

46 >60 F DM 1 2 UTI Ecoli Positive 6hrs No 27 Death<28 days

47 >60 M Nil 1 2 OTHERS Others Negative 2hrs No 49 AMA

48 >60 F Nil 1 3 OTHERS Others Negative 2hrs No 34 Discharged

49 >60 M SHT 1 3 OTHERS Others Negative 2hrs No 30 Discharged

50 >60 F Nil 1 2 Pneumonia Streptococci Negative 4hrs Yes 25 Discharged

1

0

Immunocompetent

Immunodeficient




