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                                                       ABSTRACT 

Sepsis is most common cause of death in surgical ICU patients .Early diagnosis 

and appropriate  antibiotics plays the major role in saving the patients.  

Procalcitonin helpful  in early detection as well as to monitor the anti microbial 

therapy. 

AIMS AND OBJECTIVES: 

To study on effectiveness of procalcitonin as an useful biomarker for prognosis of 

sepsis and guide for antibiotic therapy in SICU patients. 

MATERIAL AND METHODS: 

Cases admitted to GMKMC hospital Salem with signs of sepsis in SICU patients 

will be closely monitored from the day of  admisssion to the day of  discharge. On 

an average of 100 cases with signs of sepsis in ICU patients admitted  between 

2017 to 2019. 

RESULTS: 

A prospective study on Procalcitonin as a useful biomarker for prognosis of sepsis 

and guide for antibiotic therapy in SICU patients revealed the following 

findings.The mean age is 57.06 years with a standard deviation of 9.39 years. The 

median age is 56 years ranging between 38 years and 74 years. The majority of the 



participants were males (n=56, 56%) while the rest were females. Out of the 100 

patients, 76 of them (76%) were blood culture positive while the remaining 24% 

were blood culture negative. Out of the 100 patients, 68 of them (68%) were pus 

culture positive while the remaining 32% were pus culture negative. Out of the 100 

patients, 80 of them (80%) were urine culture positive while the remaining 20% 

were urine culture negative. Out of the 100 patients, 66 of them (66%) were wound 

swab positive while the remaining 34% were wound swab negative. Out of the 100 

patients, 42 of them (42%) were Klebsiella positive while 34 of them (34%) were 

E.coli positive. Pseudomonas was positive in 14% (n=14) of them while Proteus 

was present in 8% (n=8) of them.The organisms were sensitive to Piptaz (n=50, 

50%) and Cefaperazone (n=48, 48%).CRP was positive in 47% of the cases and 

negative in 53% of the cases. Procalcitonin is 100% sensitive and specific in 

predicting the prognosis in patients of surgical ICU.  

 

 

 

 

 



 CONCLUSION: 

CRP was positive in 47% of the cases and negative in 53% of the cases. 

Procalcitonin is 100% sensitive and specific in predicting the prognosis in patients 

of surgical ICU. The levels of procalcitonin in sepsis rises rapidly and tends to 

peak sooner than CRP. They also return to baseline sooner in response to 

treatment. Either ways, procalcitonin can be used to detect sepsis and also the 

response to treatment. This is why, it is an ideal candidate as a biomarker  in 

sepsis. 

KEY WORDS: Sepsis, Procalcitonin, CRP. 
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Introduction 

A systemic infection evokes a strong response from the immune system which is 

called as sepsis. In around one-third of the cases, the etiology of the infection is 

unknown1. Evolution has handed the human race a great gift of mounting an 

immune response to an infection, which is otherwise called as host responses. The 

defence mechanisms are complex and respond in different ways to various invasive 

pathogenic organisms. One of the earliest responses to an microbial infection is the 

development of the inflammatory response that happens like a cascade involving a 

huge number of biochemical messengers2.  

Increased microbial load is correlated with increased mortality3.  The severity is 

determined by the number of the microbes which is referred to the microbial load 

and also if there are more than one type of microorganism, then severity 

proportionately increases leading to increased morbidity and mortality3-6.  

The source of infections are very important to note as they may dictate the severity 

of the illness, the morbidity. pharmacological protocol, management decisions, 

prognosis, outcome and mortality. Following sources are generally associated with 

sepsis; 

a) Acquired from community 

b) Hopsitals 
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c) Other healthcare facilities 

Around 18 million new cases of sepsis are reported each year. The global mortality 

rate is between 30% and 50%7.  

A study on the pattern of the intensive care cases found that the prevalence of 

sepsis is India is  not infrequent. Around 28.3% of the patients admitted in the 

intensive care unit acquire sepsis, out of which, there is a mortality rate of 34%8.  

Though sepsis can be caused by any of the microbes namely; bacteria, virus, 

parasites and fungi, yet bacteria is the most common etiologic agent for the 

infection and development into a full blown sepsis9-11.  

The infection can start from anywhere in the body and the microorganisms enter 

the blood. They start multiplying in the blood and start releasing factors of 

virulence into the blood12. The blood houses monocytes, macrophages, neutrophils, 

endothelial cells and plasma cell precursors which get stimulated by these virulent 

factors. They release the mediators of sepsis that are endogenous in origin13.  

The entry of the microorganisms stimulates the endogenous mediators that acts on 

the immune system. The immune system in turn elaborates a response in defence 

to neutralise the pathogens. This leads to the secretion of inflammatory proteins 

that can damage the tissues and organs of the host14,15.  
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The clinical symptoms of sepsis are namely; 

1) Tachycardia 

2) Tachypnea 

3) Elevated temperature 

4) Leucocytosis 

When the sepsis is severe, there is hypoperfusion and damage of atleast one organ. 

If this progresses, it leads to shock. Sometimes, multiple organs are involved 

known as MODS (Multiple Organ Dysfunction Syndrome). If this is associated 

with hypotension, it is known as septic shock16. 

Sepsis is a very serious and  challenging disease in critical care medicine that can 

be of graded variety namely; from sepsis to severe sepsis and septic shock. The 

challenges arise from the heterogeneity of the presentation in terms of incidence 

and symptomatology. This leads to diagnostic confusion in designing the 

diagnostic and treatment algorithm. Also, the variance in etiology and severity 

adds constraints to the existing framework. So, developing an universal algorith for 

the diagnosis and management of sepsis is a challenge. This explains why it is not 

possible to do randomised control trials for studying sepsis.  Multicentric trials 

have contraindicated the findings of previous studies33. Sepsis is multifactorial in 

origion requiring multidisciplinary approach to management. Economic issues 
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form a separate facet of this illness. Early identification, diagnosis and treatment is 

necessary for survival and good prognosis. The task of management starts right 

from outside the hospital and follows into the emergency departments and then 

later on into the wards. Any amount of intensive case management is useless 

without the initial management. In spite of the lack of well designed randomised 

trials for sepsis, the sporadic studies have given great insight into the incidence, 

epidemiology and the pathophysiology of the illness. The immunological 

background of the illness is essential for diagnosis, managment and prognosis.  

The outcome of the illness largely depends on the time of diagnosis and initiation 

of prompt treatment. When the diagnosis or treatment is delayed due to any reason, 

the outcome and prognosis is very poor and may affect all the organs, a condition 

called as the Systemic Inflammatory Response Syndrome (SIRS). Early initiation 

on antimicrobial therapy is crucial in getting a better outcome.  

Since the emphasis lies on early diagnosis, there are various attempts to understand 

if there is a way to find out the onset of sepsis before the clinical signs become 

evident. Following host responses are widely studied to find if there is a marker 

that might help in early diagnosis of sepsis; 

a) Cytokine 

b) Cell marker 
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c) Receptor Biomarkers 

d) Coagulations 

e) Vascular Endothelial Damage 

f) Vasodilation 

g) Organ failure 

The recent advancements in the field of molecular biology may aid in screening the 

biomarkers during the acute phase of sepsis17.  

The conventional markers for the diagnosis and management of sepsis are; 

1) WBC 

2) CRP (C-reactive protein) 

3) IL-1 (Interleukin-1) 

Other biomarkers that are elevated during sepsiis are; TNF-α and IL-6. But these 

biomakers lack sensitivity and specificity. They have low positive and negative 

predictive values18.  

Procalcitonin have aid better in diagnosis and help in prognosis than CRP. Also, it 

will help differentiate between bacterial and viral meningitis19. The gold standard 

for the confirmation of bacterial infection in sepsis is through blood culture. But 
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the time taken for a bacterial culture is too long to delay treatment. This may lead 

to a loss of golden time20.  

Sepsis leads to excessive catabolism, loss of lean body mass and hyper metabolism 

that may range between months to years. The early management of sepsis focusses 

on correcting nutritional deficiencies and maintain the energy requirements. The 

next phase aims to recover the homeostasis of the body and lower the loss of lean 

body mass. 

Screening of malnutrition is essential and continuous monitoring is required post 

discharge to aid functional recovery.  Sepsis is reported in 2% of all 

hospitalisations globally21. 

Mortality rate continues to be high despite the latest advancements in healthcare 

sector. The reduction of morbidity and mortality depends on the early recognition 

and treatment of sepsis. The diagnostic uncertainty of sepsis proves to be 

challenging even today though clinical signs are evident. This mandates the 

presence of serum biomarkers like Procalcitonin that may help in early diagnosis 

and management.  

Procalcitonin is a hormokine (it is so called due to the hormonal origin of the 

mature protein) which is a propeptide22. The production of this hormokine follows 

one of the two pathways; classical hormonal expression or, alternatively, 
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a cytokine-like expression pathway. Sometimes, it may be due to a cell mediated 

host response23. It has a long half-life of 25-30 hours24.  

Since 1990s, PCT has been seen as a potential biomarker25. In 2003, elevated 

plasma PCT was included in the updated definition of sepsis26. Infection leads to 

elevated PCT as a part of the complex response of the innate immune system27. 

Increasing serum PCT levels is associated with poor prognosis and decreasing 

levels is seen as a sign of recovery28. PCT levels are diagnostic of systemic 

bacterial disease29. The PCT levels are diagnostic in critically ill patients too30,31. 

There are previous studies that have reported the advantages of using the precursor 

molecule of calcitonin as a biomarker in sepsis. The levels of procalcitonin in 

sepsis rises rapidly and tends to peak sooner than CRP. They also return to baseline 

sooner in response to treatment. Either ways, procalcitonin can be used to detect 

sepsis and also the response to treatment. This is why, it is an ideal candidate as a 

biomarker  in sepsis32. 

Therefore, PCT may be a suitable as a stanndalone biomarker  or in combination 

with other biomarkers for the following; 

a) Prediction of sepsis 

b) Etiology 

c) Diagnosis 
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d) Progression 

e) Response to treatment 

f) Regression 

g) Outcomes 

h) Prognosis  

i) Mortality 
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Review of Literature 

An Overview 

Sepsis is a very serious and  challenging disease in critical care medicine that can 

be of graded variety namely; from sepsis to severe sepsis and septic shock. The 

challenges arise from the heterogeneity of the presentation in terms of incidence 

and symptomatology. This leads to diagnostic confusion in designing the 

diagnostic and treatment algorithm. Also, the variance in etiology and severity 

adds constraints to the existing framework. So, developing an universal algorithm 

for the diagnosis and management of sepsis is a challenge. This explains why it is 

not possible to do randomised control trials for studying sepsis.  Multicentric trials 

have contraindicated the findings of previous studies33. Sepsis is multifactorial in 

origin requiring multidisciplinary approach to management. Economic issues form 

a separate facet of this illness. Early identification, diagnosis and treatment is 

necessary for survival and good prognosis. The task of management starts right 

from outside the hospital and follows into the emergency departments and then 

later on into the wards. Any amount of intensive case management is useless 

without the initial management. In spite of the lack of well-designed randomised 

trials for sepsis, the sporadic studies have given great insight into the incidence, 

epidemiology and the pathophysiology of the illness. The immunological 

background of the illness is essential for diagnosis, management and prognosis.  
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A systemic infection evokes a strong response from the immune system which is 

called as sepsis. In around one-third of the cases, the etiology of the infection is 

unknown. Evolution has handed the human race a great gift of mounting an 

immune response to an infection, which is otherwise called as host responses. The 

defence mechanisms are complex and respond in different ways to various invasive 

pathogenic organisms. One of the earliest responses to an microbial infection is the 

development of the inflammatory response that happens like a cascade involving a 

huge number of biochemical messengers. Increased microbial load is correlated 

with increased mortality.  The severity is determined by the number of the 

microbes which is referred to the microbial load and also if there are more than one 

type of microorganism, then severity proportionately increases leading to increased 

morbidity and mortality.  

The source of infections are very important to note as they may dictate the severity 

of the illness, the morbidity. pharmacological protocol, management decisions, 

prognosis, outcome and mortality. Following sources are generally associated with 

sepsis;Acquired from community, Hospitals and Other healthcare facilities.  

Around 18 million new cases of sepsis are reported each year. The global mortality 

rate is between 30% and 50%7.A study on the pattern of the intensive care cases 

found that the prevalence of sepsis is India is  not infrequent. Around 28.3% of the 

patients admitted in the intensive care unit acquire sepsis, out of which, there is a 
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mortality rate of 34%8. Though sepsis can be caused by any of the microbes 

namely; bacteria, virus, parasites and fungi, yet bacteria is the most common 

etiologic agent for the infection and development into a full blown sepsis. The 

infection can start from anywhere in the body and the microorganisms enter the 

blood. They start multiplying in the blood and start releasing factors of virulence 

into the blood12. The blood houses monocytes, macrophages, neutrophils, 

endothelial cells and plasma cell precursors which get stimulated by these virulent 

factors. They release the mediators of sepsis that are endogenous in origin.  

The entry of the microorganisms stimulates the endogenous mediators that acts on 

the immune system. The immune system in turn elaborates a response in defence 

to neutralise the pathogens. This leads to the secretion of inflammatory proteins 

that can damage the tissues and organs of the host.  

The clinical symptoms of sepsis are namely;Tachycardia, Tachypnea, Elevated 

temperature and Leucocytosis. When the sepsis is severe, there is hypoperfusion 

and damage of atleast one organ. If this progresses, it leads to shock. Sometimes, 

multiple organs are involved known as MODS (Multiple Organ Dysfunction 

Syndrome). If this is associated with hypotension, it is known as septic shock. 

The outcome of the illness largely depends on the time of diagnosis and initiation 

of prompt treatment. When the diagnosis or treatment is delayed due to any reason, 
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the outcome and prognosis is very poor and may affect all the organs, a condition 

called as the Systemic Inflammatory Response Syndrome (SIRS). Early initiation 

on antimicrobial therapy is crucial in getting a better outcome.  

Since the emphasis lies on early diagnosis, there are various attempts to understand 

if there is a way to find out the onset of sepsis before the clinical signs become 

evident.  

The recent advancements in the field of molecular biology may aid in screening the 

biomarkers during the acute phase of sepsis17. But these biomarkers lack sensitivity 

and specificity. They have low positive and negative predictive values18.  

Procalcitonin have aid better in diagnosis and help in prognosis than CRP. Also, it 

will help differentiate between bacterial and viral meningitis19. The gold standard 

for the confirmation of bacterial infection in sepsis is through blood culture. But 

the time taken for a bacterial culture is too long to delay treatment. This may lead 

to a loss of golden time20.  

Sepsis leads to excessive catabolism, loss of lean body mass and hyper metabolism 

that may range between months to years. The early management of sepsis focusses 

on correcting nutritional deficiencies and maintain the energy requirements. The 

next phase aims to recover the homeostasis of the body and lower the loss of lean 

body mass. 
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Screening of malnutrition is essential and continuous monitoring is required post 

discharge to aid functional recovery.  Sepsis is reported in 2% of all 

hospitalisations globally21. 

Mortality rate continues to be high despite the latest advancements in healthcare 

sector. The reduction of morbidity and mortality depends on the early recognition 

and treatment of sepsis. The diagnostic uncertainty of sepsis proves to be 

challenging even today though clinical signs are evident. This mandates the 

presence of serum biomarkers like Procalcitonin that may help in early diagnosis 

and management.  

Procalcitonin is a hormokine (it is so called due to the hormonal origin of the 

mature protein) which is a propeptide22. The production of this hormokine follows 

one of the two pathways; classical hormonal expression or, alternatively,a 

cytokine-like expression pathway. Sometimes, it may be due to a cell mediated 

host response23. It has a long half-life of 25-30 hours24.  

Since 1990s, PCT has been seen as a potential biomarker25. In 2003, elevated 

plasma PCT was included in the updated definition of sepsis26. Infection leads to 

elevated PCT as a part of the complex response of the innate immune system27. 

Increasing serum PCT levels is associated with poor prognosis and decreasing 

levels is seen as a sign of recovery28. PCT levels are diagnostic of systemic 

bacterial disease29. The PCT levels are diagnostic in critically ill patients too30,31. 
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There are previous studies that have reported the advantages of using the precursor 

molecule of calcitonin as a biomarker in sepsis. The levels of procalcitonin in 

sepsis rises rapidly and tends to peak sooner than CRP. They also return to baseline 

sooner in response to treatment. Either ways, procalcitonin can be used to detect 

sepsis and also the response to treatment. This is why, it is an ideal candidate as a 

biomarker  in sepsis32. 

Sepsis- an indefinite disease 

The traditional medical school approach of presenting with conclusive signs and 

symptoms by patients and the physician arriving at a diagnosis using the various 

clinical and laboratory parameters that dictates management does not apply for 

sepsis. Unlike stroke or myocardial infarction where diagnostic and treatment 

protocols are standardised across the world. But, defining sepsis is more 

complicated than all this. The nomenclature alone took several decades to be 

framed that was finally christened in Las Vegas in a hotel room in 1980. The term 

was "Sepsis Syndrome" which had to be framed while drafting a protocol for the 

one of the earliest prospective randomized trials in sepsis. This was done by late 

Roger Bone34,35. The same group of scientists released the name in the statement 

paper called “Sepsis Syndrome: A Valid Clinical Entity”.  

They presented the classical signs of sepsis syndrome namely; 
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1. fever/hypothermia 

2. leukocytosis/leukopenia 

3. tachycardia 

4. hypotension 

As expected, these signs were not specific for sepsis but was a presenting spectrum 

of symptoms and signs for a number of illnesses which led to the inclusions of 

large cohorts with lot of false positive cases. This led to the formulation of the 

“consensus criteria” of sepsis during the consensus conference36. The following 

image shows the consensus criteria of sepsis.  

 

Image 1: Consensus Criteria for Sepsis 

This is widely criticised and questioned by the present day experts on the subject37. 

The need for the change of definition parallels the advancements in the field of 
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medicine including immunology and biochemistry. In order to save the older 

concepts, the newer definitions are more detailed over the previous one38. The 

changing diagnosis and the subsequent challenges can be attributed to the changing 

information on the pathophysiology of the illness which is discussed in detail later.  

International societies that study sepsis have therefore come up with the 

international task force for drafting the definition of sepsis which is based on 

pathophysiology. Since, there are no conclusive radiological or laboratory 

investigations, sepsis is difficult to diagnose.  

Diagnostic insufficiencies can explain the morbidity and mortality due to sepsis 

even when technology is constantly improving day by day. Another way of looking 

at it is that sepsis per se is not a disease rather a confluence of plethora of features 

that might surface as a result of failure of any system. Different organs and systems 

are involved in the disease process with a large of combinations of derangements 

clouding the pciture of individual contributions in the process. One thing that is 

certain is that patients with sepsis have serious alterations of their coagulation 

system. Activated protein C is therefore used today as a component of 

pharmacological treatment in sepsis. Older schools of thought saw sepsis as a 

hyperinflammatory and exaggerated  response to an underlying inflammation of 

the organ. But not all responses are due to hyperinflammatory response as some 

are even due to the suppression of the immune system. This immuno-stimulation 
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and immuno-suppression confusion continues even today. Sometimes, there is an 

increasing destruction of the cells like lymphocyte apoptosis. Another aspect of 

sepsis is the incidence of the metabolic changes. The present literature suggests 

that there are no single etiologic agent, pathogen, system, pathway or mediator for 

sepsis which makes it all the more difficult.  

The evolution of bacteria precedes that of man which suggests that sepsis has been 

affecting men since the beginning of time. Sepsis has been causative in the global 

mortality rates. A review in 1995 for sepsis in the US showed that the incidence 

was 751,000 cases including the 215,000 deaths40. The actual number of deaths 

due to sepsis is increasing according to a recent report41. This is expected to 

continue with the aging population. The mortality rate for sepsis is based on 28-

day survival as against the traditional mortality rates that are calculated on 5-year 

survival. Apart from the mortality rate, the disease is also known to affect the 

quality of life and leads to a significant number of the lost years of life.  

The definition of sepsis has been attempted by two major consensus conferences. 

In 1992, the first consensus suggested SIRS (Systemic Inflammatory Response 

Syndrome). This consensus said that sepsis can be present even without overt 

microbial presence in the blood confirmed by blood cultures. Subsequently, the 

following definitions are considered; 
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- When SIRS is initiated by infection, it is called sepsis42.  

- When sepsis is accompanied by dysfuctions of an organ or an organ system, then 

it is called severe sepsis 

- When severe sepsis presents with hypotension, then it is called septic shock        

in 2001, another conference on the International Sepsis Definitions altered the 

model of SIRS. They expanded the view after a systematic review of the 

literature43. An acronym PIRO was used for developing the staging system of 

sepsis.  

P- predisposition, any pre-existing co-morbid conditions  

I- insult or infection 

R- response  

O-organ dysfunction and  organ failure  

 

The symptoms, signs and etiology of sepsis is a conundrum as they are non-

specific. Any specific test would be a good candidate for utilising in the 

management of sepsis. The true reason behind this confusion is that any organism 

can cause sepsis and it is multifactorial. Gram-positive organism are known to 

cause more sepsis than gram-negative44.  
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The interactions between pathogens and the Toll-like receptors have been 

implicated in sepsis. But animal testing has shown that absence of TLR does not 

necessary prevent sepsis45.  

. Epidemiology 

Reported epidemiological studies state that more patients are being affected by 

sepsis today than before46. One of the recent data from the United States shows that 

sepsis is one of the most expensive reasons for current hospitalisations with a 

mortality rates between 20% and 50%47,48. But this reported mortality is different 

across the globe. In New Zealand and Australia, these mortality rates have 

decreased though the incidence of sepsis has increased49. A trial called PROCESS 

in the United States showed a mortality rate around 20%50. The study also showed 

that the outcome has improved over the years. 

But a study from Europe was contradictory with and increased mortality between 

45% and 55%. This was also accompanied by longer hospital stay and admission 

in the ICU51,52.  

What causes these differences? Is it because the care and support is better than 

other countries or is it an independent finding. Also, the lack of data in various 

aspects like the definition, diagnosis and treatment, it is difficult to really 

understand the global burden of the problem and how it varies geographically. This 
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is the same with the mortality rates. What were the cases that constituted the 

cohort? What were the cases taken for calculating mortality rates, etc? For 

instance, in septic shock cohort, the mortality rate is high which cannot be 

considered as the true reflection of the disease. Existing comorbidities also affect 

the true picture including diagnosis, treatment and prognosis. Intrinsic factors of 

the patient like the host's response also affect the outcome. Following image shows 

how the incidence and epidemiology of sepsis is multifactorial. 

 

Image 2: Multifactorial Pathophysiology 
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Pathophysiology; Dysregulated coagulation pathways 

When a person gets injured, the coagulation pathways gets activated whereas in 

normal conditions, the fluidity of the blood is maintained. The equilibrium between 

clotting and not clotting is complex under normal conditions53. But this equilibrium 

is disturbed when there is an injury. The initiating event can be any etiologic factor 

that causes the initiation and the maintenance of the coagulation pathways from 

factors released by the system and the cells of the system54. Patients with sepsis 

show disseminated intravascular coagulation (DIC) where there is a loss of 

platelets and thereby prolonging the coagulation time of the patients. Alternatively, 

blood starts clotting when there is no need for the same. These two events can be 

triggered by any etiologic agent and differs widely. In addition, the liver 

manufactures the factors of the coagulation system in a fixed quantity and the bone 

marrow releases limited number of cells. Any event causes an local effect that 

enlarges to a systemic response. In spite of the systemic coagulopathy, bleeding 

occurs only in select sites. This may be because of the interaction of the following; 

• clotting system 

• circulating white blood cells  

• platelets 

• endothelium  
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The following image shows the pathways how they interact; 

 

Image 3: Coagulation before and after inflammation 
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Systemic illnesses may be instrumental in creating the abnormalities of the 

coagulation system. Virchow's triad of endothelial cell injury, coagulability, and 

abnormal blood flow is typically present in the illness and leads to reduced blood 

flow to the organs leading to dysfunction of the  system. Cytopathic hypoxia is 

commonly seen is patients who have been tried on oxygen55. In spite of these 

ongoing studies, not much information is available regarding the actual 

pathophysiology of sepsis.  

Apart from dysfunctional coagulopathy, the following factors are also seen in 

sepsis;  

1) Aberrant Mediator Production 

a. Hyperinflammatory Response 

b. Blunted Inflammatory Response 

c. Unknown Inflammatory Response 

2) Cellular Dysfunction 
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a. Lymphocyte Apoptosis 

b. Neutrophil Hyperactivity 

c. Endothelial Cell Failure and Apoptosis in Other Cells 

 

3) Metabolic Alterations 

a. Glycemic Control 

b. Low-Dose Steroids 

c. Early Goal-Directed Therapy 

 

The following image shows how the blood picture varies between sepsis and 

normal state;  
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Image 4: Blood picture between sepsis and normal state 

The mortality and morbidity in sepsis is very varied and leaves with the following 

crucial questions even today; 

1) How does coagulopathy affect organ injury and mortality of sepsis?  

2) Is sepsis a state of immuno-suppression or immuno-expression?  

3) Is there a way to improve the survival rate of the patients?  

4) What leads to cellular response in sepsis? 
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 5) What is the best management for sepsis?  

 This understanding of the pathophysiology is essential for planning treatment56.  

Procalcitonin 

An overview 

Procalcitonin is a hormokine (it is so called due to the hormonal origin of the 

mature protein) which is a propeptide22. The production of this hormokine follows 

one of the two pathways; classical hormonal expression or, alternatively,a 

cytokine-like expression pathway. Sometimes, it may be due to a cell mediated 

host response23. It has a long half-life of 25-30 hours24. Since 1990s, PCT has been 

seen as a potential biomarker25. In 2003, elevated plasma PCT was included in the 

updated definition of sepsis26. Infection leads to elevated PCT as a part of the 

complex response of the innate immune system27. Increasing serum PCT levels is 

associated with poor prognosis and decreasing levels is seen as a sign of 

recovery28. PCT levels are diagnostic of systemic bacterial disease29. The PCT 

levels are diagnostic in critically ill patients too30,31. 

There are previous studies that have reported the advantages of using the precursor 

molecule of calcitonin as a biomarker in sepsis. The levels of procalcitonin in 

sepsis rises rapidly and tends to peak sooner than CRP. They also return to baseline 

sooner in response to treatment. Either ways, procalcitonin can be used to detect 
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sepsis and also the response to treatment. This is why, it is an ideal candidate as a 

biomarker  in sepsis32. 

Therefore, PCT may be a suitable as a stanndalone biomarker  or in combination 

with other biomarkers for the following;a) Prediction of sepsis; b) Etiology ; c) 

Diagnosis; d) Progression; e) Response to treatment; f) Regression 

g) Outcomes; h) Prognosis and i) Mortality 

Here are the salient features of procalcitonin; 

a) It is the peptide precursor for the hormone called calcitonin. 

b) Calcitonin is the hormone involved in homeostasis 

c) It is an 116-amino acid prohormone  

d) It is composed of three peptides57;  

1) 57-amino acid sequence at the amino terminus (NProCT) 

2) The centrally positioned immature CT that contains a terminal glycine 

3) A 21-amino acid CT carboxyterminus peptide I (CCP-I) 

e) These peptides are present in normal persons in their serum 

f) Calcitonin has a short half-life of 10 minutes 

g) Procalcitonin has a long hald life of 25 to 30 hours58 
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Genetics and Production of Procalcitonin 

Parafollicular cells of thyroid produces procalcitonin. Additionally, the 

neuroendocrine cells of the intestine and lungs also secrete the petide precursor. 

The gene responsible for the generation of procalcitonin is the (CALC-1) gene on 

chromosome 11. During an episode of bacterial infection, the additional 

extrathyroidal tissues of the body starts producing procalcitonin through the 

increased expression of the PCT-producing calcitonin 1 (CALC-1) gene. The 

expression of this extrathyroidal PCT-producing calcitonin 1 (CALC-1) gene is 

suppressed in the absence of infection59,60. The PCT that is found in plasma during 

an infection is mainly produced by the extrathyroidal tissues of the body. The PCT 

becomes detectable between 2 and 4 hours and peaks in 12 to 24 hours. After the 

peak levels, it starts declining with a half-life of 1-1½ days61. The inflammation 

related functions of the propeptides are also reduced62. 

. Procalcitonin and Pathogenesis of Sepsis  

The pathogenesis of sepsis is regulated by ctyokines. The macrophages in the body 

phagocytose bacteria and lead to the release of a huge number of proinflammatory 

cytokines. These cytokines stimulates the innate immune system of the body 

namely;  

a. Interleukin (IL)-1β 
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b. Tumor necrosis factor (TNF) 

c. IL-6 

 

Image 5: Systemic Inflammatory Response 

These cytokines are biochemically visible and are known to cause sepsis63.  

a. The usefulness of these cytokines have been studied from time to time for 

their effectiveness in the diagnosis and treatment of sepsis64.  

b. Following biomarkers have been widely studied; Interleukin (IL)-1β, Tumor 

necrosis factor (TNF), CRP and IL-6 
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This led to the addition of procalcitonin for the diagnosis of sepsis in 2003 for the 

updated definition65. PCT forms an important component in the pathogenesis of 

sepsis66. The following figure shows the comparison of CRP and PCT. 

 

Image 6: Comparison between CRP and PCT 

Increased PCT is seen in the initial stages of the disease, peaks during admission 

and gradually declines. Interestingly, the PCT levels tend to resurge if the infection 

is persisting or the condition is not improving. Also, the PCT reduces when the 

condition improves giving a better picture of the prognosis. During an episode of 

bacterial infection, the additional extrathyroidal tissues of the body starts 

producing procalcitonin through the increased expression of the PCT-producing 

calcitonin 1 (CALC-1) gene. The PCT that is found in plasma during an infection 

is mainly produced by the extrathyroidal tissues of the body. 
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The following image shows how PCT levels vary during infection; 

 

Image 7: Variation of PCT levels during infection 

The challenge of understanding the role of PCT in sepsis though still remains67. 

PCT is known to amplify the inflammatory cascade which means that it is 

positively correlated to the severity of infection as well. For instance, if the 

infection increases, the levels of PCT also increases and decreases when the 

inflammation subsides68. The present literature is devoid of weel designed trials for 

understanding the role of PCT in sepsis though the usage of PCT in sepsis is 

increasing. It is being studied if the levels of procalcitonin may point to the risk of 

developing sepsis.  
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Procalcitonin as a Diagnosis Marker for Sepsis  

The diagnosis of sepsis multipronged with a battery of tests including CRP levels, 

cytokines (TNF-α, IL-1β, or IL-6) and leukocyte cell count. But these tests are not 

specific for sepsis which has led to the conquest of looking for a more specific 

tests.  

Here are a number of things that makes PCT as a diagnostic marker;  

a. It can differentiate sepsis from infectious and non-infectious causes 

b. It is approved by the US FDA for usage in concurrence with other tests 

c. It can predict the course of illness  

d. PCT can indicate if the patient is going towards septic shock  

e. PCT is elevated only in bacterial infections making it ideal for systemic 

bacterial infections69 

f. It may show the severity of the illness 
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Image 8: PCT in Normal conditions and Sepsis 

The reference values are;  

Normal reference value= < or =0.15 ng/mL 

Values between 0.15 and 2.0 ng/mL may be suggestive of localised 

infections 

Values> 2.0 ng/mL are highly correlated with systemic bacterial 

infection/sepsis or severe localized bacterial infection70.  

Daily estimations may be an important tool for follow-up71,72. 

Another meta-analysis and systemic review on 30 studies in  201373 showed that - 

PCT has a mean sensitivity of 0.77 (95% CI 0.72-0.81)  

-PCT has a specificity of 0.79 (95% CI 0.74-0.84)  
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PCT alone is not an effective tool but in collaboration with clinical and laboratory 

parameters, it appreas to be an effective tool for the diagnosis, management and 

prognosis of sepsis. 

Antibiotic Use 

The following image shows the algorithm for treatment based on PCT levels 

though studies are not adequate to prove the effectiveness of the test. 

 

Image 9: Algorithm for treatment 
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Need for the study  

The recent advancements in the field of molecular biology may aid in screening the 

biomarkers during the acute phase of sepsis17. But these biomakers lack sensitivity 

and specificity. They have low positive and negative predictive values.  

Procalcitonin have aid better in diagnosis and help in prognosis than CRP. Also, it 

will help differentiate between bacterial and viral meningitis. The gold standard for 

the confirmation of bacterial infection in sepsis is through blood culture. But the 

time taken for a bacterial culture is too long to delay treatment. This may lead to a 

loss of golden time.  

Infection leads to elevated PCT as a part of the complex response of the innate 

immune system27. Increasing serum PCT levels is associated with poor prognosis 

and decreasing levels is seen as a sign of recovery. PCT levels are diagnostic of 

systemic bacterial disease. The PCT levels are diagnostic in critically ill patients 

too. 

There are previous studies that have reported the advantages of using the precursor 

molecule of calcitonin as a biomarker in sepsis. The levels of procalcitonin in 

sepsis rises rapidly and tends to peak sooner than CRP. They also return to baseline 

sooner in response to treatment. Either ways, procalcitonin can be used to detect 
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sepsis and also the response to treatment. This is why, it is an ideal candidate as a 

biomarker  in sepsis.  

The present study aims to study the effectiveness of procalcitonin as an useful 

biomarker for prognosis of sepsis and guide for antibiotic therapy in SICU patients.  
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Materials and Methods 

Aims and objectives of the study: 

To study the effectiveness of procalcitonin as an useful biomarker for prognosis of 

sepsis and guide for antibiotic therapy in SICU patients.  

Study design 

Prospective Single Center Study 

Place of study  

GMKMC hospital 

 Study period  

       July 2017 to  June 2019 

Study population  & Sampling Methodology 

 Cases admitted to GMKMC hospital Salem with signs of sepsis in SICU 

patients will be closely monitored from the day of admission to the day of 

discharge. 

  The patients with signs of sepsis admitted in SICU between 2017-2019 

were chosen. 

 This study includes 100 patients presenting with signs of sepsis. 
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Inclusion  criteria: 

- All the patients with signs of sepsis admitted in SICU.  

Exclusion criteria: 

• Patients not Willing For Study 

• Patients with known comorbid conditions at the time of admission 

(PLHIV, on ATT drugs, Carcinoma) 

Methodology 

The following data was collected using a structured questionnaire: 

age,demographic characteristics, socio economic status, patients complaints and 

duration of complaints. A detailed general examination was done. Systemic 

examination and basic investigations were done. 

Investigations 

Following specific investigations were done; 

a) Serum Procalcitonin at the time of; 

- Diagnosis of sepsis 

- On day 5 

- On day 10 

- and more if required 
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Laboratory Methods 

Serum Procalcitonin level detection by ELISA: 

All the 100 samples were tested for Procalcitonin using ELISA with the help of 

HUMAN PROCALCITOIN ELISA KIT (SINCERE BIOTECH, Beijing, China). 

Statistical Analysis 

Data were analyzed according to history, clinical examination and investigation. 

Data were entered in excel sheet and analyzed using SPSS v23. Frequencies and 

percentage analysis were done. Cross tabulation and Chi-square analyses were 

done to find the relationship and association between various variables.  
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RESULTS 

A prospective study on Procalcitonin as a useful biomarker for prognosis of sepsis 

and guide for antibiotic therapy in SICU patients revealed the following 

findings.The mean age is 57.06 years with a standard deviation of 9.39 years. The 

median age is 56 years ranging between 38 years and 74 years. The majority of the 

participants were males (n=56, 56%) while the rest were females. Out of the 100 

patients, 76 of them (76%) were blood culture positive while the remaining 24% 

were blood culture negative. Out of the 100 patients, 68 of them (68%) were pus 

culture positive while the remaining 32% were pus culture negative. Out of the 100 

patients, 80 of them (80%) were urine culture positive while the remaining 20% 

were urine culture negative. Out of the 100 patients, 66 of them (66%) were wound 

swab positive while the remaining 34% were wound swab negative. Out of the 100 

patients, 42 of them (42%) were Klebsiella positive while 34 of them (34%) were 

E.coli positive. Pseudomonas was positive in 14% (n=14) of them while Proteus 

was present in 8% (n=8) of them.The organisms were sensitive to Piptaz (n=50, 

50%) and Cefaperazone (n=48, 48%).CRP was positive in 47% of the cases and 

negative in 53% of the cases. Procalcitonin is 100% sensitive and specific in 

predicting the prognosis in patients of surgical ICU.  
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Age 

The following  table and figure shows the age distribution of the participants. The 

mean age is 57.06 years with a standard deviation of 9.39 years. The median age is 

56 years ranging between 38 years to 74 years.  

Characteristics Age (years) 

Mean 57.06 

Median 56 

Mode 47 

Standard Deviation 9.39 

Minimum 38 

Maximum 74 

 

Table 1: Age distribution of the participants 
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Figure 1: Age distribution of the participants 
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Gender  

The majority of the participants were males (n=56, 56%) while the rest were 

females. The following table and figure shows the gender distribution of the 

patients.  

Gender Frequency Percentage 

Male 56 56 

Female 44 44 

 

Table 2: Gender distribution of the participants 

 

Figure 2: Gender distribution of the patients 
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Blood culture sensitivity 

Out of the 100 patients, 76 of them (76%) were blood culture positive while the 

remaining 24% were blood culture negative. The following table and figure shows 

blood culture and sensitivity.  

Blood Culture and 

Sensitivity 

Frequency Percentage 

Positive 76 76 

Negative 24 24 

 

Table 3: Blood Culture Sensitivity 

 

Figure 3: Blood Culture Sensitivity 
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Pus culture sensitivity 

Out of the 100 patients, 68 of them (68%) were pus culture positive while the 

remaining 32% were pus culture negative. The following table and figure shows 

pus culture and sensitivity.  

Pus Culture and 

Sensitivity 

Frequency Percentage 

Positive 68 68 

Negative 32 32 

 

Table 4: Pus Culture Sensitivity 

 

Figure 4: Pus Culture Sensitivity 
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Urine culture sensitivity 

Out of the 100 patients, 80 of them (80%) were urine culture positive while the 

remaining 20% were urine culture negative. The following table and figure shows 

urine culture and sensitivity.  

Urine Culture and 

Sensitivity 

Frequency Percentage 

Positive 80 80 

Negative 20 20 

 

Table 5: Urine Culture Sensitivity 

 

Figure 5: Urine Culture Sensitivity 
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Wound Swab 

Out of the 100 patients, 66 of them (66%) were wound swab positive while the 

remaining 34% were wound swab negative. The following table and figure shows 

wound swab results.  

Wound Swab Frequency Percentage 

Positive 66 66 

Negative 34 34 

 

Table 6: Wound Swab 

 

 

Figure 6: Wound Swab 
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Organism 

Out of the 100 patients, 42 of them (42%) were Klebsiella positive while 34 of 

them (34%) were E.coli positive. Pseudomonas was positive in 14% (n=14) of 

them while Proteus was present in 8% (n=8) of them. The following table and 

figure shows the organism identified in the cultures. 

Organism Frequency Percentage 

ACINETOBACTER 2 2 

E.COLI 34 34 

KLEBSIELLA 42 42 

PROTEUS 8 8 

PSEUDOMONAS 14 14 

 

Table 7: Organism isolated from the cultures 
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Figure 7: Organism isolated from the cultures 
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Antibiotic Sensitivity 

The organisms were sensitive to Piptaz (n=50,50%) and Cefaperazone (n=48, 

48%). The following table figure shows the antibiotic sensitivity. 

Antibiotic Sensitivity Frequency Percentage 

CEFAPERAZONE 48 48 

MEROPENEM 2 2 

PIPTAZ 50 50 

 

Table 8: Antibiotic Sensitivity 

 

 

Figure 8: Antibiotic Sensitivity 
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Antibiotic Course  

The duration of antibiotics is mean=5.45 days (S.D=1.28 days). Median is five 

days range between 5 and 11 days. Following table and figure shows the duration 

of antibiotics.  

Characteristics Antibiotic Course (Days) 

Mean 5.45 

Median 5 

Mode 5 

Standard Deviation 1.28 

Minimum 5 

Maximum 11 

 

Table 9: Duration of antibiotics 
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Figure 9: Duration of antibiotics 



57 
 

C-Reactive Protein 

CRP was positive in 47% of the cases and negative in 53% of the cases. The 

following table  figure shows the CRP in patients.  

CRP Frequency Percentage 

Positive 47 47 

Negative 53 53 

 

Table 10: C-Reactive Protein 

 

 

Figure 10: C-Reactive Protein 
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Procalcitonin on day 0 and 5 

The Procalcitonin levels were elevated in all patients in Day 0 and decreased to 

13% on Day 5. The following figure shows the Procalcitonin.  

 

 

 

Figure 11: Procalcitonin levels on day 0 and 5 
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Duration of stay in the hospital 

The mean duration of stay in the hospital is six days with a standard deviation of 

1.15 days ranging between 5 and 11 days. The following figure shows the duration 

of stay in the hospital.  

Characteristics Duration of stay (days) 

Mean 6.06 

Median 6 

Mode 6 

Standard Deviation 1.15 

Minimum 5 

Maximum 11 

 
Table 11: Duration of stay in the hospital 
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Figure 12: Duration of stay in the hospital 
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Outcome of the illness 

Out of 100 patients, 87 were cured and 13 of them expired. Following figure shows 

the outcome of the illness. 

 

 

Figure 13: Outcome of the illness 
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Sensitivity and Specificity of Procalcitonin test 

The following table shows the sensitivity and specificity of Procalcitonin in 

predicting the prognosis in patients of surgical ICU. Procalcitonin is 100% 

sensitive and specific in predicting the prognosis in patients of surgical ICU.  

Sensitivity and Specificity of Procalcitonin Frequency/ Percentage 

No. of true-positive findings 13 

No. of true-negative findings 87 

No. of false-positive findings 0 

No. of false-negative findings 0 

Sensitivity (%) 100 

Specificity (%) 100 

Accuracy (%) 100 

Positive predictive value (%) 100 

Negative predictive value (%) 100 

 

Table 12: Sensitivity and Specificity of Procalcitonin test 
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Figure 14: Sensitivity and Specificity of Procalcitonin test 
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Discussion 

A prospective study on Procalcitonin as a useful biomarker for prognosis of sepsis 

and guide for antibiotic therapy in SICU patients revealed the following 

findings.The mean age is 57.06 years with a standard deviation of 9.39 years. The 

median age is 56 years ranging between 38 years and 74 years. The majority of the 

participants were males (n=56, 56%) while the rest were females. Out of the 100 

patients, 76 of them (76%) were blood culture positive while the remaining 24% 

were blood culture negative. Out of the 100 patients, 68 of them (68%) were pus 

culture positive while the remaining 32% were pus culture negative. Out of the 100 

patients, 80 of them (80%) were urine culture positive while the remaining 20% 

were urine culture negative. Out of the 100 patients, 66 of them (66%) were wound 

swab positive while the remaining 34% were wound swab negative. Out of the 100 

patients, 42 of them (42%) were Klebsiella positive while 34 of them (34%) were 

E.coli positive. Pseudomonas was positive in 14% (n=14) of them while Proteus 

was present in 8% (n=8) of them.The organisms were sensitive to Piptaz (n=50, 

50%) and Cefaperazone (n=48, 48%).CRP was positive in 47% of the cases and 

negative in 53% of the cases. Procalcitonin is 100% sensitive and specific in 

predicting the prognosis in patients of surgical ICU.   

Sepsis is a very serious and  challenging disease in critical care medicine that can 

be of graded variety namely; from sepsis to severe sepsis and septic shock. The 
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challenges arise from the heterogeneity of the presentation in terms of incidence 

and symptomatology. This leads to diagnostic confusion in designing the 

diagnostic and treatment algorithm. Also, the variance in etiology and severity 

adds constraints to the existing framework. So, developing an universal algorith for 

the diagnosis and management of sepsis is a challenge. This explains why it is not 

possible to do randomised control trials for studying sepsis.  Multicentric trials 

have contraindicated the findings of previous studies33. Sepsis is multifactorial in 

origion requiring multidisciplinary approach to management. Economic issues 

form a separate facet of this illness. Early identification, diagnosis and treatment is 

necessary for survival and good prognosis. The task of management starts right 

from outside the hospital and follows into the emergency departments and then 

later on into the wards. Any amount of intensive case management is useless 

without the initial management. In spite of the lack of well designed randomised 

trials for sepsis, the sporadic studies have given great insight into the incidence, 

epidemiology and the pathophysiology of the illness. The immunological 

background of the illness is essential for diagnosis, managment and prognosis.  

A systemic infection evokes a strong response from the immune system which is 

called as sepsis. In around one-third of the cases, the etiology of the infection is 

unknown. Evolution has handed the human race a great gift of mounting an 

immune response to an infection, which is otherwise called as host responses. The 
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defence mechanisms are complex and respond in different ways to various invasive 

pathogenic organisms. One of the earliest responses to an microbial infection is the 

development of the inflammatory response that happens like a cascade involving a 

huge number of biochemical messengers. Increased microbial load is correlated 

with increased mortality.  The severity is determined by the number of the 

microbes which is referred to the microbial load and also if there are more than one 

type of microorganism, then severity proportionately increases leading to increased 

morbidity and mortality.  

The source of infections are very important to note as they may dictate the severity 

of the illness, the morbidity. pharmacological protocol, management decisions, 

prognosis, outcome and mortality. Following sources are generally associated with 

sepsis;Acquired from community, Hopsitals and Other healthcare facilities.  

Around 18 million new cases of sepsis are reported each year. The global mortality 

rate is between 30% and 50%7.A study on the pattern of the intensive care cases 

found that the prevalence of sepsis is India is  not infrequent. Around 28.3% of the 

patients admitted in the intensive care unit acquire sepsis, out of which, there is a 

mortality rate of 34%8. Though sepsis can be caused by any of the microbes 

namely; bacteria, virus, parasites and fungi, yet bacteria is the most common 

etiologic agent for the infection and development into a full blown sepsis. The 

infection can start from anywhere in the body and the microorganisms enter the 
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blood. They start multiplying in the blood and start releasing factors of virulence 

into the blood12. The blood houses monocytes, macrophages, neutrophils, 

endothelial cells and plasma cell precursors which get stimulated by these virulent 

factors. They release the mediators of sepsis that are endogenous in origin.  

The entry of the microorganisms stimulates the endogenous mediators that acts on 

the immune system. The immune system in turn elaborates a response in defence 

to neutralise the pathogens. This leads to the secretion of inflammatory proteins 

that can damage the tissues and organs of the host.  

The clinical symptoms of sepsis are namely;Tachycardia, Tachypnea, Elevated 

temperature and Leucocytosis. When the sepsis is severe, there is hypoperfusion 

and damage of atleast one organ. If this progresses, it leads to shock. Sometimes, 

multiple organs are involved known as MODS (Multiple Organ Dysfunction 

Syndrome). If this is associated with hypotension, it is known as septic shock. 

The outcome of the illness largely depends on the time of diagnosis and initiation 

of prompt treatment. When the diagnosis or treatment is delayed due to any reason, 

the outcome and prognosis is very poor and may affect all the organs, a condition 

called as the Systemic Inflammatory Response Syndrome (SIRS). Early initiation 

on antimicrobial therapy is crucial in getting a better outcome.  
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Since the emphasis lies on early diagnosis, there are various attempts to understand 

if there is a way to find out the onset of sepsis before the clinical signs become 

evident.  

The recent advancements in the field of molecular biology may aid in screening the 

biomarkers during the acute phase of sepsis17. But these biomakers lack sensitivity 

and specificity. They have low positive and negative predictive values18.  

Procalcitonin have aid better in diagnosis and help in prognosis than CRP. Also, it 

will help differentiate between bacterial and viral meningitis19. The gold standard 

for the confirmation of bacterial infection in sepsis is through blood culture. But 

the time taken for a bacterial culture is too long to delay treatment. This may lead 

to a loss of golden time20.  

Mortality rate continues to be high despite the latest advancements in healthcare 

sector. The reduction of morbidity and mortality depends on the early recognition 

and treatment of sepsis. The diagnostic uncertainty of sepsis proves to be 

challenging even today though clinical signs are evident. This mandates the 

presence of serum biomarkers like Procalcitonin that may help in early diagnosis 

and management.  

Procalcitonin is a hormokine (it is so called due to the hormonal origin of the 

mature protein) which is a propeptide22. The production of this hormokine follows 
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one of the two pathways; classical hormonal expression or, alternatively,a 

cytokine-like expression pathway. Sometimes, it may be due to a cell mediated 

host response23. It has a long half-life of 25-30 hours24.  

Since 1990s, PCT has been seen as a potential biomarker25.  

Here are a number of things that makes PCT as a diagnostic marker and can be 

used as a guide for antibiotic therapy;  

a. It can differentiate sepsis from infectious and non-infectious causes 

b. It is approved by the US FDA for usage in concurrence with other tests 

c. It can predict the course of illness  

d. PCT can indicate if the patient is going towards septic shock  

e. PCT is elevated only in bacterial infections making it ideal for systemic 

bacterial infections69 

f. It may show the severity of the illness 

Daily estimations may be an important tool for follow-up71,72. 

Another meta-analysis and systemic review on 30 studies in  201373 showed that - 

PCT has a mean sensitivity of 0.77 (95% CI 0.72-0.81)  

-PCT has a specificity of 0.79 (95% CI 0.74-0.84)  

Procalcitonin is 100% sensitive and specific in predicting the prognosis in patients 

of surgical ICU in this study.  
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PCT alone is not an effective tool but in collaboration with clinical and laboratory 

parameters, it appreas to be an effective tool for the diagnosis, management and 

prognosis of sepsis. 

In 2003, elevated plasma PCT was included in the updated definition of sepsis26. 

Infection leads to elevated PCT as a part of the complex response of the innate 

immune system27. Increasing serum PCT levels is associated with poor prognosis 

and decreasing levels is seen as a sign of recovery28. PCT levels are diagnostic of 

systemic bacterial disease29. The PCT levels are diagnostic in critically ill patients 

too30,31. 

There are previous studies that have reported the advantages of using the precursor 

molecule of calcitonin as a biomarker in sepsis. The levels of procalcitonin in 

sepsis rises rapidly and tends to peak sooner than CRP. They also return to baseline 

sooner in response to treatment. Either ways, procalcitonin can be used to detect 

sepsis and also the response to treatment. This is why, it is an ideal candidate as a 

biomarker  in sepsis32. 
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SUMMARY AND CONCLUSIONS 

A prospective study on Procalcitonin as a useful biomarker for prognosis of sepsis 

and guide for antibiotic therapy in SICU patients revealed the following findings. 

CRP was positive in 47% of the cases and negative in 53% of the cases. 

Procalcitonin is 100% sensitive and specific in predicting the prognosis in patients 

of surgical ICU.   

Infection leads to elevated PCT as a part of the complex response of the innate 

immune system. Increasing serum PCT levels is associated with poor prognosis 

and decreasing levels is seen as a sign of recovery. PCT levels are diagnostic of 

systemic bacterial disease. The PCT levels are diagnostic in critically ill patients 

too. 

The levels of procalcitonin in sepsis rises rapidly and tends to peak sooner than 

CRP. They also return to baseline sooner in response to treatment. Either ways, 

procalcitonin can be used to detect sepsis and also the response to treatment. This 

is why, it is an ideal candidate as a biomarker  in sepsis. 
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Limitations 

1) The study of biomarkers requires a larger sample size and longer follow-up. 

The present study has a smaller sample size and a shorter duration of study 

2) This is a single center study which limits the generalizability of the results 

3) The use of biomarkers is still underrated in clinical research due to lack of 

resources 
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FUTURE 

RECOMMENDATIONS 
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Future Recommendations 

 

Following are the recommendations from the study; 

1) Use of biomarkers for making clinical decisions should be encouraged. This 

necessitates adequate amount of data to validate the findings 

2) A larger sample size should be studied for generalizability of the results/ 

3) A multi centric study should be done for validation of the findings 

4) Biomarkers are potential diagnostic and prognostic tools for clinical practice 

and their research must be promoted in regular clinical practice  

 

 

 

 

 

 

 

 



78 
 

 

 

REFERENCES 

 

 
 

 

 

 



79 
 

References 

1. Munford Robert S, Suffredini Anthony F (2014) Sepsis, Severe Sepsis and 

Septic Shoc. In: Bennett John E, Dolin Raphael, Blaser Martin J, Mandell, 

Douglas, and Bennett’s Principles and Practice of Infectious Diseases. 

(8thedn), Philadelphia, Elsevier Health Sciences, 914-934. 

2. Markus B, Peter AW. The inflammatory response in sepsis. Trends 

Immunol. 2013;34(3):129–36 

3. Lever A, Mackenzie I (2007) Sepsis: definition, epidemiology, and 

diagnosis. BMJ 335: 879-883. 

4. Dunja M, Snezana B, Arsen U, Biljana D, Vladimir V. Use of presepsin

 and    procalcitonin for prediction of SeptiFast results in critically ill 

 patients. J Crit Care.  2017;40:197–201.  

5.  Angus DC, Van der Poll T. Severe sepsis and septic shock. N Engl J  Med. 

 2013;369:840–51.  

6. Moore LJ, McKinley BA, Turner K. The epidemiology of sepsis in 

 general surgery  patients. J Trauma. 2011;70(3):672–80  

7. Slade E, Tamber PS, Vincent JL. The surviving sepsis, campaign, raising 

 awareness to  reduce mortality. Crit Care. 2003;7(1):1–2 

8. Divatia JV, Amin PR, Ramakrishnan N, Kapadia FN, Todi S, Sahu S,  Govil 

D, Chawla R, Kulkarni AP, Samavedam S, Jani CK, Rungta N,  Samaddar 



80 
 

DP, Mehta S, Venkataraman R, Hegde A, Bande BD, Dhanuka S, Singh V, 

Tewari R, Zirpe K, Sathe P, INDICAPS Study Investigators.  Intensive 

care in India: the Indian intensive care case mix and practice  patterns 

study. Indian J Crit Care Med. 2016;20(4):216–25. 

9. Feldmann H, Geistbert TW. Ebola, hemorrhagic, fever. Lancet. 2011; 

 377(97768):849–62.  

10. Calrk IA, Alleva LM, Mills AC, Cowden WB. Pathogen of malaria and 

 clinically similar conditions. Clin Microbio Rev. 2004;17(3):509–39.  

11. Paessler S, Walker DH. Pathogenesis of the viral hemorrhagic fever.  Annu 

Rev Pathol. 2013;8:411–40 

12. Livorsi DJ, Stenehjem E, Stephens DS. Virulence factors of gram-

 negative bacteria in sepsis with a focus on Neisseria meningitidis. Contrib

 Microbiol. 2011;17:31–47. 

13. Willey J, Sherwood L, Christopher JW. Prescotts’sMicrobiol,  International 

edition. 8th ed; 2011. p. 97 

14. Rimmelé T, Leli C, Payen D, Cantaluppi V, Marshall J, Gomez H, 

 Gomez A, Murray P, Kellum JA. Immune cell phenotype and function in 

 sepsis. Shock. 2016;45(3):282–91.  

15. Chen X-h, Yin Y-j, Zhang J-x. Sepsis and immune response. World J 

Emerg Med. 2011;2(2):88–92.  



81 
 

16. Reinhart K, Bauer M, Reideman NC, Hartog CS. New approaches to 

 sepsis: molecular diagnostics and biomarkers. J ClnMicrobiol. 

 2010;25:609–34. 

17. Sakr Y, Brgett U, Nacul FE, Reinhart K, Brunkhorst F. 

 Lipopolysaccharide binding protein in a surgical intensive care unit: a 

 marker of sepsis? Crit Care Med. 2008;36:2014–22 

18. Hina C, Juhua Z, Yin Z, Mir MA, Franklin M, Prakash SN, Mitzi N.  Role 

of Cytokines as a Double-edged Sword in Sepsis. In Vivo.  2013;27(6):669–

84. 

19. Usama M, Nermin A, Ayman A, Sultan MH. Serum procalcitonin in  viral 

and bacterial meningitis. J Glob Infect Dis. 2011;3:14–8. 

20. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, 

 Pinsky MR. Epidemology of severe sepsis in the United States. Analysis 

 of incidence, outcome and associated cost of care. Crit Care Med. 

 2001;29:1303–10. 

21. Lever A, Mackenzie I (2007) Sepsis: definition, epidemiology, and 

 diagnosis. BMJ 335: 879-883. 

22. Martin GS (2012) Sepsis, severe sepsis and septic shock: changes in 

 incidence, pathogens and outcomes. Expert Rev Anti Infect Ther 10: 701-

 706. 



82 
 

23. Meisner M (2002) Pathobiochemistry and clinical use of procalcitonin. 

 Clin Chim Acta 323: 17-29. 

24. Müller B, Becker KL (2001) Procalcitonin: how a hormone became a 

 marker and mediator of sepsis. Swiss Med Wkly 131: 595-602. 

25. Karzai W, Oberhoffer M, Meier-Hellmann A, Reinhart K (1997) 

 Procalcitonin--a new indicator of the systemic response to severe 

 infections. Infection 25:329-334. 

26. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, et al. (2003) 

 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions 

 Conference. Crit Care Med 31: 1250-1256. 

27. Gilbert DN (2011) Procalcitonin as a biomarker in respiratory tract 

 infection. Clin Infect Dis 52 Suppl 4: S346-350. 

28. Tavares E, Miñano FJ (2010) Immunoneutralization of the 

 aminoprocalcitonin peptide of procalcitonin protects rats from lethal 

 endotoxaemia: neuroendocrine and systemic studies. Clin Sci (Lond) 119: 

 519-534. 

29. Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, et al. (1993) 

 High serum procalcitonin concentrations in patients with sepsis and 

 infection. Lancet 341: 515-518. 



83 
 

30. BalcI C, Sungurtekin H, Gürses E, Sungurtekin U, Kaptanoglu B (2003) 

 Usefulness of procalcitonin for diagnosis of sepsis in the intensive care 

 unit. Crit Care 7: 85-90. 

31. Müller B, Becker KL, Schächinger H, Rickenbacher PR, Huber PR, et 

 al. (2000) Calcitonin precursors are reliable markers of sepsis in a 

 medical intensive care unit. Crit Care Med 28: 977-983. 

32. Standage SW, Wong HR. Biomarkers for paediatric sepsis and septic 

 shock. Expert Rev Anti-Infect Ther. 2011;9(1):71–9. 

33. J.-L. Vincent, “We should abandon randomized controlled trials in the 

intensive care unit,” Critical Care Medicine, vol. 38, no. 10, supplement, pp. 

S534–S538, 2010. 

34. R. C. Bone, C. J. Fisher Jr., T. P. Clemmer, G. J. Slotman, C. A. Metz, and 

R. A. Balk, “A controlled clinical trial of high-dose methylprednisolone in the 

treatment of severe sepsis and septic shock,” The New England Journal of 

Medicine, vol. 317, no. 11, pp. 653–658, 1987.  

35. R. C. Bone, C. J. Fisher Jr., T. P. Clemmer, G. J. Slotman, G. A. Metz, and 

R. A. Balk, “Sepsis syndrome: a valid clinical entity. Methylprednisolone 

Severe Sepsis Study Group,” Critical Care Medicine, vol. 17, no. 5, pp. 389–

393, 1989. 



84 
 

36. “American College of Chest Physicians/Society of Critical Care Medicine 

Consensus Conference: definitions for sepsis and organ failure and guidelines 

for the use of innovative therapies in sepsis,” Critical Care Medicine, vol. 20, 

no. 6, pp. 864–874, 1992. 

37. J.-L. Vincent, S. M. Opal, J. C. Marshall, and K. J. Tracey, “Sepsis 

definitions: time for change,” The Lancet, vol. 381, no. 9868, pp. 774–775, 

2013 

38. R. P. Dellinger, M. M. Levy, A. Rhodes et al., “Surviving sepsis campaign: 

international guidelines for management of severe sepsis and septic shock, 

2012,” Intensive Care Medicine, vol. 39, no. 2, pp. 165–228, 2013. 

39. Baron RM, Baron MJ, Perrella MA. Pathobiology of sepsis: are we still 

asking the same questions? Am J Respir Cell Mol Biol. 2006;34:129–134.  

40. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky 

MR. Epidemiology of severe sepsis in the United States: analysis of incidence, 

outcome, and associated costs of care. Crit Care Med. 2001;29:1303–1310. 

41. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in 

the United States from 1979 through 2000. N Engl J Med. 2003;348:1546–

1554. 

42. Robertson CM, Coopersmith CM. The systemic inflammatory response 

syndrome. Microbes Infect. 2006;8:1382–1389. 



85 
 

43. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, 

Opal SM, Vincent JL, Ramsay G, SCCM/ESICM/ACCP/ATS/SIS 2001 

SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions 

Conference. Crit Care Med. 2003;31:1250–1256.  

44. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in 

the United States from 1979 through 2000. N Engl J Med. 2003;348:1546–

1554. 

45. McMasters KM, Peyton JC, Hadjiminas DJ, Cheadle WG. Endotoxin and 

tumour necrosis factor do not cause mortality from caecal ligation and 

puncture. Cytokine. 1994;6:530–536. 

46. K.-M. Kaukonen, M. Bailey, S. Suzuki, D. Pilcher, and R. Bellomo, 

“Mortality related to severe sepsis and septic shock among critically ill patients 

in Australia and New Zealand, 2000–2012,” Journal of the American Medical 

Association, vol. 311, no. 13, pp. 1308–1316, 2014. 

47. D. F. Gaieski, J. M. Edwards, M. J. Kallan, and B. G. Carr, “Benchmarking 

the incidence and mortality of severe sepsis in the united states,” Critical Care 

Medicine, vol. 41, no. 5, pp. 1167– 1174, 2013.  

48. C. M. Torio and R. M. Andrews, National Inpatient Hospital Costs: The 

Most Expensive Conditions by Payer, 2011: Statistical Brief #160, Healthcare 



86 
 

Cost and Utilization Project (HCUP) Statistical Briefs, Agency for Health Care 

Policy and Research, Rockville, Md, USA, 2006–2013. 

49. K.-M. Kaukonen, M. Bailey, S. Suzuki, D. Pilcher, and R. Bellomo, 

“Mortality related to severe sepsis and septic shock among critically ill patients 

in Australia and New Zealand, 2000–2012,” Journal of the American Medical 

Association, vol. 311, no. 13, pp. 1308–1316, 2014. 

50. ProCESS Investigators, D. M. Yealy, J. A. Kellum et al., “A randomized 

trial of protocol-based care for early septic shock,” The New England Journal 

of Medicine, vol. 370, no. 18, pp. 1683– 1693, 2014. 

51. S. Heublein, M. Hartmann, S. Hagel, R. Hutagalung, and F. M. Brunkhorst, 

“Epidemiology of sepsis in German hospitals derived from administrative 

databases,” Infection, vol. 17, article S71, 2013.  

52. C. Engel, F. M. Brunkhorst, H.-G. Bone et al., “Epidemiology of sepsis in 

Germany: results from a national prospective multicenter study,” Intensive 

Care Medicine, vol. 33, no. 4, pp. 606–618, 2007. 

53.Esmon CT. Inflammation and the activated protein C anticoagulant 

pathway. SeminThrombHemost. 2006;32(Suppl 1):49–60. 

54. Esmon CT. The interactions between inflammation and coagulation. Br J 

Haematol. 2005;131:417–430. 



87 
 

55. Fink MP. Cytopathic hypoxia. Mitochondrial dysfunction as mechanism 

contributing to organ dysfunction in sepsis. Crit Care Clin. 2001;17:219–237. 

56. Russell JA. Management of sepsis. N Engl J Med. 2006;355:1699–1713. 

57. Becker KL, Nylén ES, White JC, Müller B, Snider RH Jr (2004) Clinical 

review 167: Procalcitonin and the calcitonin gene family of peptides in 

inflammation, infection, and sepsis: a journey from calcitonin back to its 

precursors. J Clin Endocrinol Metab 89: 1512-1525. 

58. Karzai W, Oberhoffer M, Meier-Hellmann A, Reinhart K (1997) 

Procalcitonin- -a new indicator of the systemic response to severe infections. 

Infection 25: 329-334. 

59. Müller B, White JC, Nylén ES, Snider RH, Becker KL, et al. (2001) 

Ubiquitous expression of the calcitonin-i gene in multiple tissues in response to 

sepsis. J Clin Endocrinol Metab 86: 396-404.  

60. Maruna P, Nedelníková K, Gürlich R (2000) Physiology and genetics of 

procalcitonin. Physiol Res 49 Suppl 1: S57-61. 

61. Meisner M (2014) Update on procalcitonin measurements. Ann Lab Med 

34: 263-273. 

62. . Meisner M (2002) Pathobiochemistry and clinical use of procalcitonin. 

Clin Chim Acta 323: 17-29. 



88 
 

63. Stearns-Kurosawa DJ, Osuchowski MF, Valentine C, Kurosawa S, Remick 

DG (2011) The pathogenesis of sepsis. Annu Rev Pathol 6: 19-48. 

64. Faix JD (2013) Biomarkers of sepsis. Crit Rev Clin Lab Sci 50: 23-36. 

65. . Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, et al. (2003) 

2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions 

Conference. Crit Care Med 31: 1250-1256. 

66. Gilbert DN (2011) Procalcitonin as a biomarker in respiratory tract 

infection. Clin Infect Dis 52 Suppl 4: S346-350. 

67. Tavares E, Miñano FJ (2010) Immunoneutralization of the 

aminoprocalcitonin peptide of procalcitonin protects rats from lethal 

endotoxaemia: neuroendocrine and systemic studies. Clin Sci (Lond) 119: 519-

534. 

68. Becker KL, Snider R, Nylen ES (2010) Procalcitonin in sepsis and 

systemic inflammation: a harmful biomarker and a therapeutic target. Br J 

Pharmacol 159: 253-264. 

69. . Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, et al. (1993) 

High serum procalcitonin concentrations in patients with sepsis and infection. 

Lancet 341: 515-518. 

70.http://www.mayomedicallaboratories.com/test-

catalog/Clinical+and+Interpretive/83169 



89 
 

71. BalcI C, Sungurtekin H, Gürses E, Sungurtekin U, Kaptanoglu B (2003) 

Usefulness of procalcitonin for diagnosis of sepsis in the intensive care unit. 

Crit Care 7: 85-90.  

72. Müller B, Becker KL, Schächinger H, Rickenbacher PR, Huber PR, et al. 

(2000) Calcitonin precursors are reliable markers of sepsis in a medical 

intensive care unit. Crit Care Med 28: 977-983. 

73. 2. Wacker C, Prkno A, Brunkhorst FM, Schlattmann P (2013) Procalcitonin 

as a diagnostic marker for sepsis: a systematic review and meta-analysis. 

Lancet Infect Dis 13: 426-435.  

 
 
 
 
 



90 
 

 
 
 
 

ANNEXURES 
 
 
 
 



91 
 

 
 



PATIENT CONSENT FORM 

STUDY TITLE: 

“PROSPECTIVE STUDY ON PROCALCITONIN AS USEFUL 
BIOMARKER FOR PROGNOSIS OF BACTERIAL INFECTION AND 

GUIDE FOR ANTIBIOTIC THERAPY IN SICU PATIENTS” 
                                           Department of General surgery, GMKMCH 
 
 
PARTICIPANT NAME :    AGE :         SEX: I.P. NO : 

              I confirm that I have understood the purpose of surgical/invasive procedure for the 
above study. I have the opportunity to ask the question and all my questions and doubts have 
been answered to my satisfaction. 

I have been explained about the possible complications that may occur during  and after 
medical/ surgical procedure. I understand that my participation in the study is voluntary and that 
I am free to withdraw at any time without giving any reason. 

I understand that investigator, regulatory authorities and the ethics committee will not 
need my permission to look at my health records both in respect to the current study and any 
further research that may be conducted in relation to it, even if I withdraw from the study. I 
understand that my identity will not be revealed in any information released to third parties or 
published, unless as required under the law. I agree not to restrict the use of any data or results 
that arise from the study. 

I hereby consent to participate in this study for  various surgical/invasive procedures and 
their outcomes. 

            Time : 

Date :      Signature / Thumb Impression Of Patient 

Place :        

                                                       Patient’s name: 

                                                  Signature of the investigator:  ______________________ 

                                                  Name of the investigator :       _____________________ 

 



“A PROSPECTIVE STUDY ON PROCALCITONIN AS USEFUL 
BIOMARKER FOR PROGNOSIS OF BACTERIAL INFECTION 
AND GUIDE FOR ANTIBIOTIC THERAPY IN SICU PATIENTS” 
 

 

     PROFORMA 

                 

A.   

Name: 

Address: 

 

 

Age/sex:   

RELIGION: 

O.PNo:   

I.P No:                                                                                   

D.O.A: 

DATE OF OPERATION: 

D.O.D: 

 

B. CHIEF COMPLAINTS: 

Duration of symptoms: 

  

 

 

 



 

C.PAST HISTORY: 

1. DM                            : Yes/ No 
2. TB                              : Yes/ No 
3. EPILEPSY                                           
4. MALARIA 
5. PREVIOUS SURGERY 
6. JAUNDICE 
7. CIRRHOSIS 

 

D.PERSONAL HISTORY: 

SMOKER 

ALCOHOLIC 

 

E.INITIAL ASSESSMENT OF PATIENT 

1.Vitals: 

            PR                : 

            BP                :  

            RR                :     

            Temperature : 

2.GENERAL SIGNS: 

              Pallor 

              Tongue 

               Skin  

               Icterus 

               Cyanosis 

 Lymphadenopathy: 

 



 

K.SYSTEMIC EXAMINATION: 

CVS 

RS 

CNS 

Abdomen: 

LOCAL EXAMINATION  : 

 

 

 

CLINICAL DIAGNOSIS 

 

INVESTIGATIONS 

A. HB% 

B. GROUPING & TYPING 

C. BT/CT 

D. PC                                       

E.   HIV 

F. ECG 

G. URINE:                         

                                             Culture 

                                             Albumin 

                                              Sugar 

 

 



H. BLOOD: 

                                      RBS 

                                      BLOOD UREA 

                                      SER.CREATININE 

                                       CULTURE   

I.SERUM PROCALCITONIN   

               DAY 0: 

               DAY 5: 

                DAY 10:  

                           

J.PUS CULTURE AND SENSITIVITY 

 

ANESTHESIA: 

 

SURGICAL PROCEDURE: 

 

COMPLICATIONS:     

      

 

OUTCOME OF TREATMENT: 

1.IMPROVEMENT 

2.WORSENING OF DISEASE 

3.MULTI ORGAN FAILURE 

4.DEATH 

 



KEY TO MASTER CHART 

M-MALE 

F- FEMALE 

CRP- C-REACTIVE PROTIEN 

C/S- CULTURE AND SENSITIVITY 

-VE- NEGATIVE 

+VE- POSITIVE 



                                                                             

S. 
NO 

AGE SEX BLOOD 
C/S 

PUS C/S URINE C/S WOUND 
SWAB 

ORGANISM SENSITIVE 
ANTIBIOTIC 

CRP PROCALCITONIN 
ON DAY 0 

PROCALCITONIN 
ON DAY 5 

ANTIBIOTIC 
COURSE 

STAY OUTCOME 

1. 45 M NEGATIVE POSITIVE NEGATIVE POSITIVE KLEBSIELLA PIPTAZ -VE + VE -VE 5 6 CURED 

2. 56 F POSITIVE NEGATIVE NEGATIVE NEGATIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 6 CURED 

3. 64 M POSITIVE NEGATIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE +VE + VE - VE 5 6 CURED 

4. 66 M POSTIVE POSITIVE NEGATIVE POSITIVE KLEBSIELLA PIPTAZ +VE +  VE - VE 5 5 CURED 

5. 62 M POSITIVE NEGATIVE NEGATIVE NEGATIVE KLEBSIELLA PIPTAZ -VE + VE - VE 5 6 CURED 

6. 54 F NEGATIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE - VE 5 5 CURED 

7. 56 F POSITIVE NEGATIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE +VE + VE - VE 5 6 CURED 

8. 51 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE + VE 10 10 DEATH 

9. 67 F POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE - VE 5 6 CURED 

10. 43 M POSITIVE NEGATIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ -VE + VE - VE 5 6 CURED 

11. 47 M NEGATIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE + VE + VE 7 7 DEATH 

12 53 M POSITI VE POSITIVE NEGATIVE POSITIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 6 CURED 

13 66 F POSITIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE +VE +VE -VE 5 6 CURED 

14 72 F NEGATIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

15 71 M POSITIVE NEGATIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 5 CURED 

16 62 M NEGATIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 6 CURED 

17 59 F POSITIVE NEGATIVE POSITIVE NEGATIVE PSEUDOMONAS CEFAPERAZONE +VE +VE +VE 8 8 DEATH 

18 55 M POSITIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE -VE +VE -VE 5 6 CURED 

19 41 F POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

20 38 F POSITIVE NEGATIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 5 CURED 

21 44 M POSITIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE +VE +VE 7 7 DEATH 

22 49 M POSITIVE POSITIVE POSITIVE POSITIVE PROTEUS PIPTAZ -VE + VE - VE 5 6 CURED 

23 51 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

24 53 F NEGATIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE - VE 5 6 CURED 

25 69 F POSITIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE +  VE -  VE 5 5 CURED 

26 67 M NEGATIVE POSITIVE NEGATIVE NEGATIVE KLEBSIELLA PIPTAZ -VE + VE - VE 5 6 CURED 

27 59 F POSITIVE NEGATIVE NEGATIVE NEGATIVE KLEBSIELLA PIPTAZ +VE + VE -VE 5 5 CURED 

28 62 M POSITIVE NEGATIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE + VE - VE 5 6 CURED 

29 67 M POSTIVE POSITIVE NEGATIVE NEGATIVE KLEBSIELLA PIPTAZ +VE + VE - VE 5 6 CURED 

30 49 M POSITIVE NEGATIVE NEGATIVE POSITIVE PSEUDOMONAS CEFAPERAZONE -VE + VE -VE 5 6 CURED 

31 52 F NEGATIVE POSITIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE -VE + VE -VE 5 6 CURED 

32 51 F POSITIVE NEGATIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE + VE -VE 5 5 CURED 

33 63 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

34 65 F POSITIVE POSITIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 5 CURED 

35 50 M POSITIVE NEGATIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 6 CURED 
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36 47 M NEGATIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 5 CURED 

37 72 M POSITI VE POSITIVE NEGATIVE POSITIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 6 CURED 

38 64 F POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE +VE +VE +VE 9 9 DEATH 

39 53 F NEGATIVE POSITIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 6 CURED 

40 47 M POSITIVE NEGATIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 6 CURED 

41 70 M NEGATIVE POSITIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 6 CURED 

42 61 F POSITIVE NEGATIVE POSITIVE POSITIVE PROTEUS PIPTAZ +VE +VE -VE 5 5 CURED 

43 57 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE +VE 7 7 DEATH 

44 49 F POSITIVE POSITIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 5 CURED 

45 68 F POSITIVE NEGATIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE +VE + VE - VE 5 6 CURED 

46 74 M POSITIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE +  VE -VE 5 6 CURED 

47 56 M POSITIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE + VE - VE 5 5 CURED 

48 44 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE +VE + VE + VE 11 11 DEATH 

49 46 F NEGATIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE + VE -VE 5 6 CURED 

50 66 F POSITIVE POSITIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ +VE + VE -VE 5 6 CURED 

51 45 M NEGATIVE POSITIVE NEGATIVE NEGATIVE E.COLI CEFAPERAZONE -VE + VE -VE 5 6 CURED 

52 56 F POSITIVE NEGATIVE NEGATIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE -VE 5 5 CURED 

53 64 M POSITIVE NEGATIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ +VE + VE +VE 9 9 DEATH 

54 66 M POSTIVE POSITIVE NEGATIVE POSITIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 5 CURED 

55 62 M POSITIVE NEGATIVE NEGATIVE NEGATIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 6 CURED 

56 54 F NEGATIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

57 56 F POSITIVE NEGATIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE +VE 11 11 DEATH 

58 51 M POSITIVE POSITIVE POSITIVE NEGATIVE PSEUDOMONAS CEFAPERAZONE +VE +VE -VE 5 6 CURED 

59 67 F POSITIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE +VE +VE -VE 5 6 CURED 

60 43 M POSITIVE NEGATIVE POSITIVE POSITIVE ACINETOBACTER MEROPENEM -VE +VE -VE 5 6 CURED 

61 47 M NEGATIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 5 CURED 

62 53 M POSITI VE POSITIVE NEGATIVE POSITIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 6 CURED 

63 66 F POSITIVE POSITIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE +VE +VE -VE 5 5 CURED 

64 72 F NEGATIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE +VE 7 7 DEATH 

65 71 M POSITIVE NEGATIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

66 62 M NEGATIVE POSITIVE POSITIVE POSITIVE PROTEUS PIPTAZ +VE + VE - VE 5 6 CURED 

67 59 F POSITIVE NEGATIVE POSITIVE POSITIVE PROTEUS PIPTAZ +VE +  VE - VE 5 6 CURED 

68 55 M POSITIVE POSITIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ -VE + VE -VE 5 5 CURED 

69 41 F POSITIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE -VE + VE -VE 5 6 CURED 

70 38 F POSITIVE NEGATIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE + VE -VE 5 5 CURED 
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71 44 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE +VE + VE -VE 5 6 CURED 

72 49 M POSITIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE -VE + VE -VE 5 6 CURED 

73 51 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE +VE + VE -VE 5 6 CURED 

74 53 F NEGATIVE POSITIVE POSITIVE NEGATIVE PSEUDOMONAS CEFAPERAZONE +VE + VE -VE 5 6 CURED 

75 69 F POSITIVE POSITIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 5 CURED 

76 67 M NEGATIVE POSITIVE NEGATIVE POSITIVE PSEUDOMONAS CEFAPERAZONE -VE +VE -VE 5 6 CURED 

77 59 F POSITIVE NEGATIVE NEGATIVE NEGATIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 5 CURED 

78 62 M POSITIVE NEGATIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE +VE +VE 8 8 DEATH 

79 67 M POSTIVE POSITIVE NEGATIVE NEGATIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 6 CURED 

80 49 M POSITIVE NEGATIVE NEGATIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

81 52 F NEGATIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE -VE +VE -VE 5 6 CURED 

82 51 F POSITIVE NEGATIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 5 CURED 

83 63 M POSITIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE +VE +VE - VE 5 6     CURED 

84 65 F POSITIVE POSITIVE POSITIVE POSITIVE PROTEUS PIPTAZ +VE +VE -VE 5 5 CURED 

85 50 M POSITIVE NEGATIVE POSITIVE POSITIVE PROTEUS PIPTAZ -VE + VE - VE 5 6 CURED 

86 47 M NEGATIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE -VE +VE - VE 5 5 CURED 

87 72 M POSITI VE POSITIVE NEGATIVE NEGATIVE ACINETOBACTER MEROPENEM +VE + VE -VE 5 6 CURED 

88 64 F POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE +VE +  VE +VE 9 9 DEATH 

89 53 F NEGATIVE POSITIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE -VE + VE -VE 5 6 CURED 

90 47 M POSITIVE NEGATIVE POSITIVE POSITIVE PROTEUS PIPTAZ -VE + VE -VE 5 6 CURED 

91 70 M NEGATIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE + VE -VE 5 6 CURED 

92 61 F POSITIVE NEGATIVE POSITIVE NEGATIVE KLEBSIELLA PIPTAZ +VE + VE -VE 5 5 CURED 

93 57 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE +VE + VE -VE 5 6 CURED 

94 49 F POSITIVE POSITIVE POSITIVE POSITIVE PSEUDOMONAS CEFAPERAZONE +VE + VE -VE 5 5 CURED 

95 68 F POSITIVE NEGATIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE + VE -VE 5 6 CURED 

96 74 M POSITIVE POSITIVE POSITIVE POSITIVE E.COLI CEFAPERAZONE -VE +VE -VE 5 6 CURED 

97 56 M POSITIVE POSITIVE POSITIVE NEGATIVE PROTEUS PIPTAZ +VE +VE +VE 7 7 DEATH 

98 44 M POSITIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ +VE +VE -VE 5 6 CURED 

99 46 F NEGATIVE POSITIVE POSITIVE POSITIVE KLEBSIELLA PIPTAZ -VE +VE -VE 5 5 CURED 

100 66 F POSITIVE POSITIVE POSITIVE NEGATIVE E.COLI CEFAPERAZONE +VE +VE -VE 5 6 CURED 
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