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INTRODUCTION: 

 Pancreaticoduodenectomy is a major abdominal operation associated with 

high morbidity. Infective complications are a common cause of the morbidity 

associated with this operation. Early prediction of the infectious complication could 

help in taking preventive measures for the same, especially in the preoperative 

setting. Procalcitonin and C-reactive protein have been widely considered as 

biomarkers of sepsis and infections. Finding an association between preoperative 

values of Procalcitonin, C-reactive protein, and the postoperative complications, may 

help reduce the morbidity associated with the infectious complications following 

pancreaticoduodenectomy. Currently, there are no preoperative markers to identify 
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the likelihood of developing postoperative infective complications. Hence, this study 

was undertaken to assess the use of preoperative Procalcitonin and C-reactive protein 

measurements as a biomarker of postoperative infective complications of 

Pancreaticoduodenectomy. 

 

METHODS: 

 A prospective observational study was conducted on 50 patients who 

underwent Pancreaticoduodenectomy for various indications, the majority of which 

was for pancreatic and periampullary malignancy between December 2017 and 

February 2019. These patients planned for Pancreaticoduodenectomy were tested for 

serum Procalcitonin and C-reactive protein one day prior to the date of surgery and 

were postoperatively monitored for sepsis, surgical site infections, pneumonia and 

urinary tract infection on postoperative days 3, 7, 10 and at discharge. Data collected 

were entered using software Epidata version 3.1. Analysis was done using software 

SPSS version 23. Univariate analysis was done using measures of central dispersion 

for continuous variables and proportions for categorical variables. Bivariate analysis 

was done using chi-square and Fisher’s Exact Test. 

 

RESULTS: 

 Postoperative sepsis was seen among 22 (44%) patients, no specific time point 

like post-operative day 3, 7, 10 or the time at discharge had increased risk of sepsis.  

Surgical site infection was seen among 32 (62%) patients of which superficial 

surgical site infection was more common. Features of sepsis and surgical site 
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infections were found to be more among patients with elevated preoperative C-

reactive protein measurements, however, there was no statistically significant 

association. No statistical significance was established for associations between 

preoperative measurements of Procalcitonin, C-reactive protein and postoperative 

infectious complications of Pancreaticoduodenectomy. 

 

CONCLUSIONS: 

 The role of preoperative measurements of Procalcitonin and C-reactive protein 

as a biomarker of postoperative infective complications of Pancreaticoduodenectomy 

could not be established from this study. The power of the study to have any 

statistically significant association was limited by a small sample size. Hence, we 

would recommend this study to be conducted in a larger number of patients over a 

longer duration and observe the significance if any to reach a statistically significant 

conclusion. 

KEYWORDS: 

 Pancreaticoduodenectomy, Procalcitonin, C-reactive protein, preoperative 

measurements, biomarker, post-operative infective complications. 
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INTRODUCTION: 

 Pancreaticoduodenectomy is a major operation in which the head of the 

pancreas, duodenum & proximal jejunum, gall bladder, common bile duct and a 

portion of the stomach are removed as a part of the procedure. It is considered an 

operation with high morbidity. Infective complications are a common cause of 

morbidity. 

The other causes of morbidity following pancreaticoduodenectomy are delayed 

gastric emptying, characterized by the need for prolonged nasogastric decompression 

and/or inability to tolerate oral intake. The frequency of delayed gastric emptying 

following pancreaticoduodenectomy is 18% followed by pancreatic fistulas with 

17%. Anastomotic leaks from the hepaticojejunostomy and gastrojejunostomy are 

rare and occur in less than 5% of these procedures. Infectious complications (e.g., 

intra-abdominal abscess, wound infection) are slightly more common in this 

procedure and may often require intervention with percutaneous drainage or open 

wound dressing changes(1). 

Early prediction of the infectious complications could help in taking 

preventive measures for the same, especially in the pre-operative setting. 

Procalcitonin and C-reactive protein have been widely considered as biomarkers of 

sepsis and infections. Finding an association, between pre-operative values of 

Procalcitonin, C-reactive protein, and post-operative infectious complications, may 

help reduce the morbidity associated with the infectious complications.  
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Procalcitonin and C-reactive protein are commonly used laboratory markers in 

the clinical setting for the evaluation of systemic inflammatory response to an 

infectious agent. It can be used as a diagnostic, predictor, and monitoring tool in 

patients with acute sepsis.  

Various studies done in the past comparing Procalcitonin and C-reactive 

protein as markers for bacterial infections, have shown that Procalcitonin was more 

sensitive and specific than C-reactive protein level for differentiation of bacterial 

(infective) from non-infective causes of inflammation(2). 

 With the background knowledge of infectious complications as one of the 

leading causes of increased morbidity in pancreaticoduodenectomy, this study aims 

to look at the usefulness of pre-operative Procalcitonin and C-reactive protein as a 

marker for postoperative sepsis and infections. The standardized practice in Christian 

Medical College and Hospital, Vellore involves administration of Intravenous 

antibiotics to patients undergoing pancreaticoduodenectomy only prior to skin 

incision at the time of induction of anaesthesia and there is no role for routine 

administration of antibiotics in the pre-operative or post-operative period. From this 

study, we hope to find if pre-operative Procalcitonin and C-reactive protein 

measurements are useful biomarkers of post-operative infective complications In the 

event of a significant association, there might be a role for prolonged administration 

of antibiotics in the post-operative period in patients with elevated measurements of 

pre-operative Procalcitonin and C-reactive protein. 
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AIM: 
 
 

To assess the diagnostic value of elevated pre-op Procalcitonin, C-reactive 

protein in post-pancreaticoduodenectomy infective complications. 

 

 

 

OBJECTIVES: 
 
 
 

1. To assess the role of pre-operative Procalcitonin and C-reactive protein as 

predictors of postoperative infective complications in patients undergoing 

pancreaticoduodenectomy 

 

2. To compare the efficacy of each as a better predictor among the two. 
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LITERATURE REVIEW 

 

Pancreaticoduodenectomy: 
 

 Pancreaticoduodenectomy is a complex surgical procedure with significant 

morbidity. Pancreaticoduodenectomy is the preferred resection of choice for 

malignant disorders of the pancreatic head and periampullary region and occasionally 

for benign disorders. The lowest operative mortality rates and best long-term cancer 

outcomes following surgery have been seen at high-volume centers(3)(4). Although 

previously associated with high mortality rates in the postoperative period, advances 

in surgical technique and perioperative management have reduced mortality rates to 5 

percent or less in high-volume centers(5). One of the main factors for this 

achievement was the concept of centralization(6). 

Resection of the head of the pancreas is indicated primarily for neoplasms and 

required associated duodenal resection(1). The standard operation for pancreatic 

cancer within the head or uncinate process of the pancreas is 

pancreaticoduodenectomy(7).  Pancreaticoduodenectomy may also be useful in the 

management of duodenal or pancreatic trauma, and chronic pancreatitis(1). 

. Modifications of conventional pancreaticoduodenectomy (Whipple procedure) have 

been developed in an attempt to improve outcomes or minimize the morbidity 

associated with the operation(7). Some of the modifications are pylorus-preserving 

pancreaticoduodenectomy, duodenum preserving pancreatic head resection and 

subtotal stomach preserving pancreaticoduodenectomy(1). Pylorus-preserving 

pancreaticoduodenectomy is less aggressive and the procedure preserves the gastric 
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antrum, pylorus, and the proximal 3 to 4 cm of the duodenum(7). Subtotal stomach-

preserving pancreaticoduodenectomy is a modification that is less frequently 

performed(7). 

 

 

 

 

          

 

Figure 1: Conventional Pancreaticoduodenectomy (Whipple Procedure). (8) 
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Figure 2: Pylorus preserving Pancreaticoduodenectomy(7) 

 

The common morbidity following pancreaticoduodenectomy is delayed gastric 

emptying, characterized by the need for prolonged nasogastric decompression and/or 

inability to tolerate oral intake(1). The frequency of delayed gastric emptying 

following pancreaticoduodenectomy is 18% followed by pancreatic fistulas with 

17%. Anastomotic leaks from the hepaticojejunostomy and 

duodenojejunostomy/gastrojejunostomy are rare and occur in less than 5% of these 

procedures(1). Infectious complications (e.g., intra-abdominal abscess, wound 

infection) are slightly more common in this procedure and may often require 

intervention with percutaneous drainage or open wound dressing(1). 
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Table 1: Morbidity following Pancreaticoduodenectomy (Sabiston textbook of 

surgery: the biological basis of modern surgical practice. 19th ed) 

MORBIDITY FREQUENCY (%) 

Delayed gastric emptying 18 

Pancreas fistula 12 

Wound infection 7 

Intra-abdominal abscess 6 

Cardiac events 3 

Bile leak 2 

Overall reoperation 3 

 

 

 Despite being a complex surgical technique,  the advances in surgical 

techniques have reduced the overall 30-day mortality rates to as low as 5%, or even 

less(6), thereby shifting the focus towards the other post-operative complications 

which contribute to the morbidity of the procedure and subsequently to the overall 

mortality(6). The four frequent complications following pancreatic resection that 

contributed to post-procedure morbidity included pancreatic fistula, delayed gastric 

emptying (DGE), septic complications(intra-abdominal abscess), and abdominal 

hemorrhage(6). 

 A study done by House et al showed that 38% of the patients who underwent 

pancreaticoduodenectomy had postoperative complications, most common of which 

were pancreatic fistula and abscess among 15%, wound infection among 14%, and 

delayed gastric emptying among 4% of the patients who had postoperative 
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complications(9). Another study done by Fathy et al showed that among 216 

patients with periampullary tumors treated by pancreaticoduodenectomy, operative 

mortality occurred in 7(3.2%), 77(33%) patients developed 1 or more complications, 

pancreatic leak occurred in 23 (10.6%) patients, abdominal collection in 23 patients 

(10.6%) and delayed gastric emptying in 19 (8.8%) patients(10) 

With the background knowledge of infectious complications as one of the leading 

causes of increased morbidity in pancreaticoduodenectomy, this study aims to look at 

the usefulness of pre-operative Procalcitonin and C-reactive protein as a marker for 

postoperative sepsis and infections 

 

Procalcitonin: 
 

 Procalcitonin was described as a sepsis marker in 1993(11). Procalcitonin 

(PCT), is a protein that consists of 116 amino acids with a molecular weight of 

13kDa, and the peptide precursor of calcitonin. This is synthesized by the 

parafollicular C cells of the thyroid and also produced by the neuroendocrine cells of 

the lung and intestine(12).  It is also released as an acute-phase reactant in response 

to inflammatory stimuli, especially those of bacterial origin. This elevated level of 

Procalcitonin during inflammation is associated with bacterial endotoxin and 

inflammatory cytokines(13). PCT detected in plasma during inflammation is not 

produced in C-cells of the thyroid and the probable site of its production during 

inflammation are the neuroendocrine cells in the lungs or intestine(12). Thus, when 

standard assays are used, serum Procalcitonin is not detectable in healthy 

persons(12). 
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The physiology and regulation of Procalcitonin production is not well 

understood. Various hypotheses suggest that procalcitonin may be involved in the 

metabolism of calcium, cytokine network, nitric oxide (NO) synthesis, and its 

modulation, as well as pain-relieving effects(12). There are no plasma enzymes that 

break down Procalcitonin. Therefore, once Procalcitonin enters the circulation, it 

remains unchanged, with a half-life of around 30 hours, with no evidence that serum 

Procalcitonin binds to cellular receptors of calcitonin or any other specific 

Procalcitonin receptors(12). Serum levels of Procalcitonin rise within two to four 

hours and peak within 24 to 48 hours of an inflammatory stimulus(14). After 

reaching the peak levels, with resolution of inflammation, there is a decline in serum 

Procalcitonin levels by about 50% every 1 to 1.5 days(14). 

Other non-infectious causes of systemic inflammation that can induce 

Procalcitonin production include trauma, shock, surgery, burn injury, chronic 

kidney disease, however, their correlation with Procalcitonin induction is less when 

compared to bacterial infection(15). Procalcitonin is said to have the highest 

accuracy for diagnosing sepsis in various settings(16). Hence procalcitonin 

measurement helps in early confirmation of systemic inflammation and sepsis(16). 

Also for patient in sepsis, several studies have shown that immediate initiation of 

right antibiotics have helped improve the overall survival rates(17). Hence PCT has 

also proved to be useful in guiding antibiotic therapy(16). 
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The other markers of sepsis used currently like C-reactive protein, lactate or 

other pro-inflammatory cytokines (Interleukin 6,8) are different in comparison to 

Procalcitonin in that, it belongs to a class of molecules which may be called 

‘hormokines’ (16,18). During systemic inflammation and infection, this explains 

the cytokine-like behavior of PCT(16). The specificity of other marker s like C-

reactive protein is considered to be low when it comes to diagnosing sepsis and its 

peak levels do not indicate the severity of the inflammation(16).  Surviving sepsis 

campaign: international guidelines for management of severe sepsis and septic shock, 

published in 2012, indicate that PCT can be used for the diagnosis of sepsis and to 

terminate antibiotic therapy in patients who initially appeared septic, but have no 

subsequent evidence of infection(19). Also in patients with local infection or 

bacterial colonization is present, PCT can be used as a tool to exclude severe 

systemic inflammation(16). 

Levels of >0.5 to >2.0 ng/mL (high  PCT levels) have a high positive 

predictive value to rule in diagnosis of sepsis, severe sepsis, or septic shock and 

similarly levels of<0.25 to <0.5 ng/mL (normal or very low PCT levels) have a high 

negative predictive value to rule out severe systemic inflammation or sepsis(16). 

Elevation of serum PCT levels correlate with the severity of the systemic 

inflammatory response. Bacterial infection appears to be a strong stimulus for PCT 

induction when compared to non-bacterial causes of PCT induction(16). Also, 

Procalcitonin induction that occurs in patients with systemic inflammatory response 

syndrome (SIRS) is not as high as it would be in patients with severe sepsis(16). 

Also, in patients with bacteremia, if there is no systemic inflammatory response, 
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PCT levels may be low(16). But, significantly high PCT levels are usually noted in 

patients with bacteremia and, hence, if PCT levels are found to be normal, 

bacteremia is unlikely(16).  

Assicot et al mentioned that among the 79 children with suspected infection 

who were investigated thoroughly for the same, 19 with severe bacterial infection 

had serum procalcitonin levels in the range of 6-53ng/mL while 21 children with no 

signs of infection had procalcitonin baseline levels <0.1 ng/mL(11) 

Procalcitonin is a good biological marker for the diagnosis of sepsis in 

critically ill patients and after surgery or trauma(20). PCT is superior to C-reactive 

protein and should be used as in the diagnostic guideline for sepsis(20). 

 

C-reactive protein (CRP): 

 

 At the Rockefeller University in 1930, Tillet and Francis discovered C 

reactive protein(21,22). CRP, an acute-phase serum protein, is a surrogate for the 

pro-inflammatory interleukin IL-6(23,24). It is a member of the pentraxin family of 

proteins and is synthesized by the liver(23–25). Primarily synthesized in the liver, C-

reactive protein is a part of the acute phase response(22). 

CRP is also produced by cells in the vascular wall such as endothelial cells, smooth 

muscle cells, and also by adipose tissue(23,24). Interleukin (IL)- 6 and IL-1 are major 

stimuli for the synthesis of CRP(22). Being primarily synthesized in the liver, 

patients with severe hepatocellular impairment may have a decreased CRP response 

while renal impairment can elevate CRP concentrations(26). 
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 Du Clos et al mentioned that CRP is a classical acute phase reactant 

primarily because its serum levels rapidly rise from <1 ug/mL to 600-1000ug/mL at 

the peak of an acute phase response(22). Like the other acute phase reactants such 

as ESR (Erythrocyte sedimentation rate), CRP levels correlate with inflammation. 

However, CRP is considered more useful to follow clinical course and response to 

treatment when compared with the other acute phase reactants because the rise and 

fall of the serum levels of CRP in correlation with underlying inflammation are 

very dramatic(22). Similarly, significant elevation of serum CRP levels indicate 

clinically relevant inflammation and also infection/inflammation can be excluded in 

the absence of high CRP levels(27). 

 C-reactive protein also plays an important role in the host’s defense 

mechanism against infection(26,28). It derives its name as it reacts with the C-

polysaccharide of Streptococcus pneumoniae(26) and is not related to protein C or 

C-peptide(27).  Since interleukin (IL)-6, an inflammatory cytokine is a major 

stimulus for the production of CRP, it is commonly used as a screening tool for 

inflammation or infection(29). According to Prasad et al, sequential measurement 

of CRP levels may provide a more accurate assessment in response to 

treatment(27). Also in patients with isolated elevation of ESR (Erythrocyte 

sedimentation rate), CRP helps in determining the non-inflammatory cause for the 

elevation of ESR values(27).  
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 The median normal CRP levels are 0.8mg/L, while among the apparently 

healthy people 90% have CRP levels less than 3 mg/L and 99% less than 12mg/L 

according to Reeves et al(26). It is also recommended to perform serial monitoring 

of CRP when necessary through a single laboratory to minimize error, as test results 

can vary between laboratories(26). According to Pepys et al, the median CRP 

concentration is 0.8mg/L, with 99th centile being 12mg/L and 90th centile 

3mg/L(30). However, following an acute phase stimulus, CRP levels may rise 

10,000-fold where values may increase from less than 50 ug/L to more than 

500mg/L(30). With a plasma half-life of about 19 hours, the sole determinant of 

CPR levels being the synthesis rate, the levels of CRP reflect the intensity of the 

pathological process stimulating synthesis (30). Similarly, CRP levels rapidly fall as 

the stimulus for synthesis of CRP ceases completely(30). Hence, Pepys et al 

mentioned that CRP is a nonspecific marker of inflammation which helps in 

screening for disease pathology, monitoring response to treatment and detection of 

intercurrent infection among immunocompromised individuals(30).  

Though CRP is widely used as a screening tool for infection/inflammation, it 

does not have diagnostic specificity as a wide range of clinical conditions can cause 

elevation of CRP levels(27). While the specificity of elevated CRP levels are low, it 

has a sensitivity of > 90% for inflammation(26). CRP can also be used as an adjunct 

to clinical assessment in differentiating bacterial and viral infections(26). A very 

high value (>100 mg/L) is likely to be due to bacterial rather than viral infection 

and also in the presence of a significant bacterial infection, a normal CRP value is 

unlikely(26).  
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Hence measurement other acute phase reactants like ESR, Procalcitonin may 

be advocated as alternative markers as mentioned by Reeves et al(26) and they 

concluded that when used as an adjunct to clinical assessment, CRP can be a useful 

tool for the evaluation of infective/inflammatory diseases(26).  

Various studies done in the past comparing Procalcitonin and C-reactive 

protein as markers for bacterial infections, have shown that Procalcitonin was more 

sensitive and specific than C-reactive protein level for differentiation of bacterial 

(infective) from non-infective causes of inflammation(2). 

 

Identifying Sepsis: 
 

Sepsis, a syndrome of physiologic, pathologic and biochemical abnormalities 

induced by infection is a major health concern. Sepsis is a systemic host response to 

underlying infection that induces a series of physiologic, pathologic and biochemical 

abnormalities (31). In 1991, a consensus conference developed initial definitions. 

These definitions focused on the then-prevailing view that sepsis resulted from a 

host’s systemic inflammatory response syndrome (SIRS) to infection (31,32).  

 

SIRS criteria(31,32) : 2 or more of 

Temperature >38 or <36 C 

Heart rate > 90/min 

Respiratory rate > 20/min or Paco2 < 32 mm Hg (4.3kPa) 

White blood cell count > 12,000/cu mm or <4000/cu mm or > 10% immature 

bands. 
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Any patient who satisfies SIRS criteria only indicates an ongoing infection 

and a probable underlying suspicion of sepsis. 

Due to the need for re-examining these definitions, the European Society of 

Intensive Care Medicine and the Society of Critical Care Medicine convened a task 

force in 2014 and forged agreement on updated definitions and the potential clinical 

criteria (33). This helped in improved understanding of sepsis pathobiology. 

The Third International Consensus definitions for sepsis and septic shock 

(sepsis-3) (31) elicited the key concepts of sepsis which included the following: 

1. The primary cause of death from infection, if not recognized and treated 

was sepsis and, hence, its recognition mandates urgent attention. 

2. An aberrant or dysregulated host response and presence of organ 

dysfunction is what differentiates sepsis from infection. It is a syndrome of pathogen 

factors and host factors with features that evolve over time. 

3. Organ dysfunction secondary to sepsis may be occult – hence it should be 

considered in any patient presenting with infection. On the contrary, an unrecognized 

infection may cause new-onset organ dysfunction- hence, any unexplained organ 

dysfunction should raise suspicion of underlying infection. 

4. Pre-existing acute illness, long-standing comorbidities, medication, and 

intervention can modify the clinical and biochemical phenotype of sepsis. 

5. Specific infection may result in local organ dysfunction without generating 

any dysregulation in systemic host response. 
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A better understanding of sepsis pathobiology helped in arriving at discrete 

definitions and removal of terms that were used interchangeably. (31) The task force 

considered the current use of 2 or more SIRS criteria to identify sepsis as unhelpful 

and deemed that SIRS criteria do not necessarily indicate a dysregulated, life-

threatening response.  

Similarly, for the severity of organ dysfunction, the predominantly used score 

is the SOFA (Sequential Organ Failure Assessment). A higher SOFA score is 

associated with a higher probability of mortality and the score grades abnormality by 

organ system accounts for clinical interventions. However, several variables are 

required for the full computation of the SOFA score (APPENDIX III) and it is not 

well known outside the critical care community (34). 

 After arriving at a consensus, The Third International Consensus definitions 

for sepsis and septic shock (sepsis-3) described the various definitions as follows. 

(31) 

Sepsis: 

It is defined as life-threatening organ dysfunction caused by dysregulated host 

response to infection.  

Organ dysfunction: 

Acute change in total SOFA score ≥ 2 points consequent to the infection. 

The baseline SOFA score can be assumed to be zero in patients not known to 

have pre-existing organ dysfunction. 

SOFA score ≥ 2 reflects an overall mortality risk of 10% in patients with 

suspected infection. Even patients presenting with modest dysfunction can deteriorate 
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further, thereby emphasizing the seriousness of this condition and the need for 

appropriate intervention. 

Septic Shock: 

It is a subset of sepsis in which the underlying circulatory and 

cellular/metabolic abnormalities are profound enough to substantially increase 

mortality (31,35). Septic shock can also be defined as severe Sepsis plus hypotension 

not reversed with fluid resuscitation (19). 

Such patient is identified by those with sepsis with persisting hypotension 

requiring vasopressors to maintain MAP (Mean arterial pressure) ≥ 65mmHg and a 

serum lactate level ≥ 2 mmol/L (18 mg/dL) despite adequate volume resuscitation.  

In this setting, the hospital mortality is >40%. 

Diagnostic criteria for Sepsis and Severe Sepsis as described by Surviving 

Sepsis Campaign 2012 (19) ( APPENDIX IIA). 

 In other simple terms, a patient in Sepsis would have features that satisfy SIRS 

with a documented source of the underlying infection i.e.,  

Sepsis = SIRS + documented source of infection and  

Severe Sepsis = Sepsis + Organ dysfunction/tissue hypoperfusion 
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MATERIALS AND METHODOLOGY: 

 

 With a background knowledge based on literature review that serum 

Procalcitonin and C-reactive protein levels checked in the preoperative setting could 

be useful to predict the infectious complications in patients undergoing 

pancreaticoduodenectomy, this study was conducted in Christian Medical College 

and Hospital, Vellore. 

This prospective observational study included 50 patients who underwent 

Pancreaticoduodenectomy for various indications, the majority of which was for 

pancreatic and periampullary malignancy between December 2017 and January 2019. 

The total number of patients who were planned for Whipple 

pancreaticoduodenectomy during this period was 61. Among these, 50 patients were 

enrolled for this study, while the others were not enrolled either due to unwillingness 

to be a part of this study or because pancreaticoduodenectomy was not the procedure 

they underwent. Data of these patients undergoing Pancreaticoduodenectomy under 

our specialized Hepato-pancreaticobiliary surgical department were entered in a 

prospective database (Epidata) and data analysis was done using SPSS. 

 Patients planned for Pancreaticoduodenectomy were tested for serum 

Procalcitonin and C-reactive protein (CRP) one day prior to the date of operation and 

were postoperatively monitored for sepsis, surgical site infections, pneumonia and 

urinary tract infection on postoperative days 3, 7, 10 and at discharge.  

CRP was measured by the nephelometry method at the serology lab of our 

institution and an elevated value as per the assay kit was taken as >6 g/L 
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Procalcitonin was measured by the immunochromatographic technique using 

the trace technology method at the biochemistry lab of our institution and a lab value 

>0.5 ng/mL was taken as an elevated value. 

Other factors taken into consideration included patients’ comorbid conditions, 

preoperative serum Bilirubin levels and Intervention on the biliary tract in the form 

of ERCP (Endoscopic retrograde cholangiopancreaticogram) and stenting/ PTBD 

(Percutaneous trans-hepatic biliary drainage)/ previous surgery on the biliary tract. 

Also, on a routine basis, bile was aspirated prior to transection of the bile duct and 

was cultured.  

In Christian Medical College and Hospital, Vellore, the standardized practice 

involves the administration of intravenous antibiotics to patients undergoing 

Pancreaticoduodenectomy only prior to skin incision at the time of induction of 

Anaesthesia and there is no role for routine antibiotic administration of antibiotics in 

the preoperative or postoperative period. Hence, patients who received an antibiotic 

in the pre or postoperative setting for any indication were also studied to assess the 

correlation between administration of antibiotics, preoperative elevation of 

Procalcitonin, CRP and postoperative infectious complications. 

Postoperative parameters assessed were: 

1. Sepsis, surgical site infections, pneumonia, urinary tract infections. 

2. Bile culture 

3. Antibiotic use 

4. Duration of hospital stay 
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Postoperatively all patients were examined for infective complications on 

postoperative days 1, 3, 7 and at discharge. Postoperative day 1 was taken as the day 

following the date on which the surgery was performed. This calculation of 

postoperative day was standard under our specialized Hepato-pancreaticobiliary 

surgery department. All parameters were assessed on all these postoperative days and 

were also assessed prior to discharge as the mean duration of stay of a patient 

undergoing pancreaticoduodenectomy in our institution was 14-21 days. 

Postoperative sepsis, surgical site infections, pneumonia, and urinary tract 

were assessed based on standard definitions. 

Definitions: 

Sepsis was defined by Surviving Sepsis campaign/Sepsis-3 guidelines(31,35). 

The sepsis screening tool described by CDC/NHSN (36) was adapted and used for 

this study which is as shown below. 

Surgical site infection (SSI): 

 Defining an SSI requires evidence of clinical signs and symptoms of infection. 

Pure microbiological evidence isn’t sufficient to define an SSI since skin is normally 

colonized by a range of microorganisms that could cause infection(37). The majority 

of the SSIs become apparent within 30 days following an operative procedure and 

most often occur between the 5th and 10th postoperative period. Also SSIs frequently 

only affect superficial tissues and occasionally affect the deeper tissue indicate more 

serious infections (37).  
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The standard definition described by the Centers for Disease Control and Prevention 

(CDC) is most commonly used to measure the outcome for SSI. Surgical Site 

Infection Surveillance Service (SSISS) (38), Southampton wound grading system in 

SSI and ASEPSIS scoring system systems are a few other methods that are used to 

define SSIs. 

Southampton wound grading system in SSI is used to grade the severity of 

postoperative wound infection (39,40).  

ASEPSIS scoring method is another methodology used for assessing wound 

healing as it defines the characteristics to be considered and how they are to be 

awarded points. Objective criteria are also included in the assessment and points are 

given (41). 

Points are given for: 

Additional treatment required –  

Antibiotics/Incision and drainage/Debridement 

Presence of Serous discharge 

 Erythema  

 Purulent exudate 

 Separation of deep tissues 

 Isolation of bacteria 

 Duration of in-patient Stay 

A score is given for each only on 3 of the first 7 postoperative days. 
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These point total represents a category of infection: 

 0-10:  Satisfactory healing 

 11-20: Disturbance of healing 

 21-30: Minor wound infection 

 31-40: Moderate infection 

 >40:   Severe wound infection 

 

 Despite few other well-accepted standardized definition/scoring systems for 

SSIs, CDC definitions are widely used and SSIs in this study were identified using 

CDC/NHSN Surveillance Definitions for Specific Types of Infections(42).  

 Wound classification as described by CDC/NHSN (National Healthcare 

Safety Network) is adapted from the American College of Surgeons wound 

classification schema (42).  

Wounds are classified into four classes: (42) 

1. Clean:  

a. An uninfected operative wound in which no inflammation is 

encountered.   

b. Alimentary, genital, respiratory or uninfected urinary tracts are not 

entered. 

c. Primary closed and, if necessary, drained with closed drainage. 

d. Operative incisional wounds following blunt (nonpenetrating) trauma 

should be included in this category. 
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2. Clean-contaminated: 

a. Wounds in which respiratory, alimentary, genital or urinary tracts are 

entered under controlled conditions and without unusual contamination. 

b. Operations involving the biliary tract, vagina, appendix, oropharynx 

should be included in this category if there is no evidence of infection 

or there is a major break in technique. 

3. Contaminated: 

a. Open, fresh, accidental wounds. 

b. Operations with major break in sterile technique (open cardiac 

massage) or gross spillage from the gastrointestinal tract, and incisions 

in which acute, non-purulent inflammation is encountered (e.g., dry 

gangrene) are included in this category. 

4. Dirty or infected: 

a. Old traumatic wounds with retained devitalized tissue and those 

involving perforated viscera or existing clinical infection. 

b. This definition suggests that the operative field was already 

contaminated by the organisms that cause postoperative infection. 

 Surgical site infection (SSI) criteria described by CDC (APPENDIX-IIC) was 

adapted and used for this study(42). As defined by CDC, surgical site infections were 

classified as  

1. Superficial SSI 

2. Deep incisional SSI and  

3. Organ/space SSI 
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Pneumonia defined by CDC, Centers for Disease Control and Prevention 

criteria for nosocomial pneumonia is as shown in figure 3.

 

Figure 3: CDC criteria for nosocomial pneumonia 

 
 
 

Urinary tract infection as defined by CDC is the presence of clinical 

evidence with a documented positive urine culture. Sepsis screening tool was adapted 

and used on postoperative days 3, 7, 10 and at discharge to identify postoperative 

sepsis. CDC definitions for Pneumonia, SSI, and Urinary tract infection were adapted 

for this study (Definitions in Appendix-II). 
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Sample size calculation: 

 The sample size for the study was calculated based on Two proportion 

hypothesis testing that was done using software – nMaster 2.0 version. 

 Reference study: The role of preoperative C-reactive protein and 

procalcitonin as predictors of post-pancreaticoduodenectomy infective 

complications: A prospective observational studyVerushka Mansukhani, 

Gunjan Desai, Rajiv Shah, Palepu Jagannath July 2017(43).  

 

Table 2: Two proportion-hypothesis testing for C-reactive protein 

 
 

Two Proportion - Hypothesis Testing - Large Proportion - Equal 

Allocation 

 

Expected Proportion of subjects with complications in 

elevated CRP group 

0.56 0.56 

Expected Proportion of subjects complications in not 

elevated CRP group 

0.07 0.07 

Estimated risk difference  0.49 0.49 

Power (1- beta) % 80 90 

Alpha error (%) 5 5 

1 or 2 sided  2 2 

Required sample size in elevated group 13 17 

Required sample size in not elevated group 13 17 
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 Based on Mansukhani et al (43), 30% of the samples had elevated CRP values, 

hence the approximate number of subjects to be collected to sample 13 elevated 

values are 43 subjects. 

 

 

 

Table 3: Two Proportion - Hypothesis Testing - Procalcitonin 

Two Proportion - Hypothesis Testing - Large Proportion - Equal Allocation 

Expected Proportion of subjects complications in elevated PCT group 0.4 .4 

Expected Proportion of subjects complications in not elevated PCT 

group 

0.05 .05 

Estimated risk difference  0.35 .35 

Power (1- beta) % 80 90 

Alpha error (%) 5 5 

1 or 2 sided  2 2 

Required sample size in elevated group 21 28 

Required sample size in not elevated group 21 28 

 

 Based on Mansukhani et al (43), 50% of the samples had elevated PCT values, 

hence the approximate number of subjects to be collected to sample 21 elevated 

values were 42 subjects. 
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 Forty-three being the higher value among the two groups, the minimum 

sample size required for the study was 43 and the sample size was taken as 50 for the 

purpose of convenience. 

 
 
 
 

 Data collected were entered using software Epidata version 3.1. Analysis was 

done using software SPSS version23.  

  

 Univariate analysis was done using measures of central dispersion for 

continuous variables and proportions for categorical variables. Bivariate analysis was 

done using chi-square and Fisher’s Exact Test. 
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RESULTS:   

A total number of 50 patients were enrolled for the study. The median age of 

the patients in the study was found to be 55.6 [9.7] with a mean age of 54.06. 

The oldest patient was 72 years and the youngest was 32 years of age. 

 

 

 

Figure 4: Age distribution 

 

 Male patients constituted 70% of the study population. 
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Figure 5: Gender distribution 

 

 Of the 50 patients, 25 of them had no known medical comorbidities while 

Bronchial asthma among 26 patients was the most common comorbidity. Diabetes 

and Hypertension were present among 16 and 15 patients respectively, 3 patients had 

Ischemic heart disease and 10 patients had other comorbidities such as tuberculosis, 

dyslipidemia, chronic kidney disease. 

 The preoperative parameters looked at were elevated Procalcitonin, C-reactive 

protein, serum bilirubin levels, and preoperative biliary interventions. 

About 96% of the patients did not have elevated preoperative Procalcitonin levels 

while only 4% had elevated preoperative Procalcitonin levels. 

Preoperative C-reactive protein (CRP) levels were found to be elevated among 40% 

(20) of the patients and significantly elevated preoperative Procalcitonin levels was 

observed in only 4 %. 
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Figure 6: Preoperative elevated Procalcitonin distribution 

 

 

 

Figure 7: Preoperative elevated CRP distribution 
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Forty-six percent (23) of the patients had elevated preoperative serum 

bilirubin levels while 54% (27) of them did had normal preoperative serum 

bilirubin levels. 

 

 

Figure 8: Distribution of serum Bilirubin levels 

  

 Of the total 50 patients, 52% (26) had preoperative biliary intervention in the 

form of ERCP (Endoscopic retrograde cholangiopancreaticogram), PTBD 

(Percutaneous transhepatic biliary drainage) or previous surgery on the biliary tract. 

Twenty-four patients making up for 48% of the total had no previous biliary 

intervention. 
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Figure 9: Preoperative biliary intervention 

 

 Among the 52% (26) who had previous biliary intervention, 23 patients had 

undergone ERCP, two of them - PTBD and eight of them had previous surgery in the 

biliary tract. Some of these 26 patients had more than one intervention on the biliary 

tract.  

 

Figure 10: Distribution of type of biliary intervention 
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 The following table summarizes the demographic details and preoperative 

parameters.  

Table 4: Demographic details and preoperative parameters 

Patient characteristics Total 50  

Median age in years 55 

Sex (male/female) 35/15 

Comorbid illness  

Diabetes mellitus 16 

Hypertension 15 

Bronchial asthma 26 

No comorbidities 25 

Preoperative parameters  

Elevated procalcitonin 2 

Elevated C-reactive protein 20 

Elevated serum bilirubin 23 

Preoperative ERCP 23 

Preoperative PTBD 2 

Previous biliary surgery 8 

 

 The postoperative parameters assessed were sepsis, surgical site infection 

(SSI), urinary tract infection and pneumonia. Each of these parameters was assessed 

separately on postoperative days 3, 7, 10 and at discharge. Any of these being present 

may not indicate the presence of sepsis, SSI, urinary tract infection or pneumonia on 
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those specific days the patients were assessed. Infective parameters being present at 

discharge and not on day 10 would simply mean they occurred in the time frame 

between post-op day 10 and discharge. 

Postoperative day 3: 

Looking at the infective parameters on post-operative day 3, sepsis was 

present among 14% (7) of the patients and were absent among 86% (43). Surgical 

site infection was present among 7(14%) patients, of which superficial surgical site 

infection was present in 7 patients, deep incisional SSI and organ/space SSI was 

present in 1 patient each. Urinary tract infection and pneumonia on postoperative 

day-3 were not seen among any of the study patients. Also, none of the patients had 

undergone re-surgery on or before the third postoperative day. 
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Figure 11: Sepsis assessment on POD3 
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 Figure 12: SSI assessment on POD3 

 
 
 
 

 

Figure 13: SSI distribution on POD3 
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Postoperative day 7: 

 On the 7th postoperative day, sepsis was present among 16% (8) of the patients 

and were absent among 84% (42). Surgical site infection was present among 

15(30%) patients, of which all of them had only superficial surgical site infection. No 

patients assessed on the 7th postoperative day had deep incisional SSI or organ/space 

SSI. Urinary tract infection on postoperative day 7 was not seen among any of the 

study patients. Three (6%) patients had pneumonia as assessed on the 7th post-

operative day which tells us that these 3 patients developed pneumonia after the 3rd 

postoperative day. Also, none of the patients had undergone re-surgery on or before 

the seventh postoperative day. 

 

 

Figure 14: Sepsis assessment on POD7 
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Figure 15: SSI assessment on POD7 

 

 

 

 

Figure 16: SSI distribution on POD7 
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Figure 17: Pneumonia assessment on POD7  

 

Postoperative day 10: 

 On the 10th postoperative day, sepsis was present among 12% (6) of the 

patients and were absent among 88% (44). Surgical site infection was present among 

18(36%) patients and was absent among 32(64%) patients. The number of patients 

who had superficial surgical site infection was 14, 6 patients had organ/space SSI, 

none of them had deep incisional SSI. Urinary tract infection on postoperative day 10 

was not seen among any of the study patients. Two (4%) patients had pneumonia as 

assessed on the 10th post-operative day. 
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 On the 10th postoperative day, 2(4%) patients had undergone re-surgery for 

organ/space SSI with hemodynamic instability secondary to an anastomotic 

dehiscence. 

 

Figure 18: Sepsis assessment on POD10 

 
 

 

Figure 19: SSI assessment on POD10 
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Figure 20: SSI distribution on POD10 

 

 

 

 
 

Figure 21: Pneumonia assessment on POD10 
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Figure 22: Resurgery on POD10 

 

At discharge: 

 Surgical site infection was present among 13(26%) patients and was absent 

among 37(74%) patients. The number of patients who had superficial surgical site 

infection was 9, 7 patients had organ/space SSI and none of them had deep incisional 

SSI. Urinary tract infection at discharge was seen in 1(2%) patient. Two (4%) 

patients had pneumonia as assessed at discharge. 

 At discharge, 1(2%) patient had undergone re-surgery for organ/space SSI 

with hemodynamic instability secondary to an anastomotic dehiscence. 
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Figure 23: Sepsis assessment at discharge 

 
 
 

 

Figure 24: SSI assessment at discharge 

 

9, 18%

41, 82%

SEPSIS AT DISCHARGE

YES NO

13, 26%

37, 74%

SSI AT DISCHARGE

YES NO



56 
 

  

Figure 25: SSI distribution at discharge 

 
 
 
 

  

Figure 26: UTI at discharge 
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Figure 27: Pneumonia at discharge  

 
 
 
 

  

Figure 28: Resurgery at discharge 
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 The standardized practice in Christian Medical College and Hospital, Vellore 

involves the administration of intravenous antibiotics to patients undergoing 

pancreaticoduodenectomy only prior to skin incision at the time of induction of 

Anaesthesia and there is no role for routine administration of antibiotics in the pre-

operative or post-operative period.  

 Hence the patients who received intravenous antibiotics in the postoperative 

period for various indications were assessed. Among the 50 study patients, 33 (66%) 

patients had received postoperative antibiotics while only 17 (34%) did not receive 

post-op intravenous antibiotics. 

Indications for administering antibiotics and the statistics are as described in the table 

below.  

Table 5: Indication for postoperative antibiotic administration 

Indication for antibiotic Total n=33(%) 

High-grade fever with features of 

sepsis 

12 (36.36) 

High grade fever with SSI 2 (6.06) 

High-grade fever with features of 

sepsis/pneumonia 

2 (6.06) 

Intraoperative hypotension 7 (21.21) 

Intraoperative fever 1 (3.03) 

Recent cholangitis 5 (15.15) 

Persistent low grade fever 1 (3.03) 

Sepsis with SSI 3 (9.09) 
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 The most common indication for administration of postoperative intravenous 

antibiotic was high-grade fever with features of sepsis. 

 Mortality rate was 4% (2). 

  

Figure 29: Patient outcome 

 

 Looking into the duration of hospital stay, the maximum duration was 67 days 

while the minimum duration was 11 days. The mean duration of hospital stay was 

22.8 while the median for the same was 20.

  

Figure 30: Duration of hospital stay 
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Table 6: summary of postoperative parameters 

Postoperative patient characteristics Total: 50 

Sepsis 22 (44%) 

Postoperative day 3 7 

Postoperative day 7 8 

Postoperative day 10 6 

At discharge  9 

SSI 31 (62%) 

Postoperative day 3 7 

Superficial/deep/organ space SSI 7, 1, 1 

Postoperative day 7 15 

Superficial/deep/organ space SSI 15, 0, 0 

Postoperative day 10 18 

Superficial/deep/organ space SSI 14, 0, 6 

At discharge 13 

Superficial/deep/organ space SSI 9, 0, 7 

Pneumonia 3 (6%) 

    Postoperative day 3 0 

    Postoperative day 7 3 

    Postoperative day 10 2 

    At discharge 2 

UTI 1 

Re-surgery 3 

Mortality  2 

Median duration of hospital stay 20 days 
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Comparison of preoperative parameters with postoperative infectious 

complications: 
 

1. Sepsis on post-op day 3: 

Table 7: Comparison between preoperative parameters and sepsis on POD3 

 

            Variables  

        Sepsis day3  

P-

value 

 

Odds 

ratio 

95%(CI) 

Yes  

n (%) 

No  

n (%)  

 

Elevated 

Procalcitonin 

 

Yes 0 2(100) 1.000 

 

 

NA No  7(8.97) 41(85.4) 

Elevated 

CRP 

Yes  5(25) 15(75) 0.100 

 

 

4.667 

(0.80-

27.0) 

No  2(6.66) 28(93.33) 

Elevated 

bilirubin  

Yes  4(17.39) 19(82.60) 0.689 

 

 

1.6842 

(0.33-

8.45) 

No  3(11.11%) 24(88.88) 

Biliary 

intervention  

Yes  1(3.84) 25(96.15) 0.045 

 

 

0.12 

(0.01-

1.08) 

No  6(25) 18(75) 

 

On the third postoperative day, it was found that only 2(4%) patients had 

elevated serum Procalcitonin levels, however none of them with elevated levels had 

sepsis. On the contrary, 7(8.97%) of those who did not have elevated Procalcitonin 

levels had sepsis on post-op day 3. But since the P-value for the tests of significance 

was 1, the correlation between elevated Procalcitonin and sepsis on post-op day 3 

was considered insignificant. 
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Twenty (40%) patients had elevated serum CRP levels, but only 5(25%) of 

those with an elevated CRP level had features with sepsis on post-op day 3. Among 

patients with normal CRP levels, 2(6.66%) patients had features of sepsis. However, 

with a P-value of 0.100, this association was statistically insignificant. 

Among the 23(46%) patients who had elevated preoperative serum bilirubin levels, 

4(17.39%) of them had features with features of sepsis and among the 27(54%) 

patients who had normal bilirubin levels, 3(11.11%) had features of sepsis. 

Twenty-six (52%) of the patients had biliary intervention in the form of ERCP, 

PTBD or previous biliary intervention. Among those who had previous biliary 

intervention, 25 (96.15%) of the patients did not have any features of sepsis on post-

op day 3. Among the patients who did not have any previous biliary intervention 

18(36%), 6(25%) of them had features of sepsis. P-value calculated using Fisher’s 

exact test was 0.045 and hence this correlation was considered to be significant.  

Hence it can be said that patients who had biliary intervention prior to the 

pancreaticoduodenectomy are at a lesser risk of developing Sepsis in the immediate 

postoperative setting within the first 3 days.  
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2. Sepsis on post-op day 7: 

Table 8: Comparison between preoperative parameters and sepsis on POD7 

 

            Variables  

  Suspected sepsis day 7  

P-value 

Odds ratio 

95%(CI) 
Yes 

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000  

NA 

No  8(16.66) 40(83.33) 

Elevated 

CRP 

Yes  1(5) 19(95) 0.123 0.1729 

(0.0195-

1.5323) No  7(23.33) 23(76.66) 

Elevated 

bilirubin 

Yes  4(17.39) 19(82.6) 1.00 1.2105 

(0.2665-

5.4977) No  4(14.82) 23(85.18) 

Biliary 

intervention 

Yes  6(23.07) 20(76.91) 0.250 3.3 

(0.5962-

18.2651) No  2(8.33) 22(91.66) 

 

 

  Among the patients who had elevated serum Procalcitonin on day7, none of 

them had features of sepsis.  

Twenty patients (40%) had elevated serum CRP levels among which only 

1(5%) had features of sepsis while 19(95%) did not have any features of sepsis. 

Among those who had normal serum Procalcitonin levels, 7(23.33%) had features of 

sepsis. The P-value for this comparison being 0.123, the association was statistically 

insignificant.  
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Among the 23(46%) patients who had preoperative elevated serum bilirubin 

levels, 4(17.39) had features of sepsis, while among those who had normal bilirubin 

levels 4(17.39%) had features of sepsis. Sepsis among the group with elevated 

serum bilirubin levels was higher but the P-value based on Fisher’s exact test being 

1.000 was considered statistically insignificant. 

Twenty-six (52%) of the patients had undergone previous biliary intervention, 

among whom 6(23.07%) had features of sepsis on post-op day 7 while among those 

who had no previous biliary intervention 2 (8.33%) patients had features of sepsis. 

The P-value for this comparison was 0.250 and hence there was no statistical 

significance. 

 

3. Sepsis on post-op day 10: 

Table 9: Comparison between preoperative parameters and sepsis on POD10 

 

            Variables  

Suspected sepsis day 10  

P-value 

Odds 

ratio 

95%(CI) 

Yes  

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 0 2(100) 

 

1.000 

 

 

 

NA 

No  6(12.5) 42(87.5) 

 

Elevated CRP Yes  1(5) 19(95) 

 

0.381 

 

0.2632 

(0.0283- 

2.4434) No  5(16.66) 25(83.33) 

 

Elevated 

bilirubin 

Yes  3(13.04) 20(86.95) 

 

1.00 

 

 

1.2 

(0.2177-

6.6136) No  3(11.11) 24(88.88) 

 

Biliary 

intervention 

Yes  3(11.53) 23(88.46) 

 

1.000 

 

0.913 

(0.1658-

5.0289) No  3(12.5) 21(87.5) 
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  On postoperative day 10, among the patients who had preoperative elevated 

serum Procalcitonin levels, none of them had features of sepsis while among those 

who had normal Procalcitonin levels, 6(12.5) patients had features of sepsis. Since 

the P-value was 1.000, there was no statistically significant association between 

preoperative elevated procalcitonin levels and post-op sepsis on post-op day 10. 

 Among the patients with preoperative elevated CRP levels, 1(5%) had features 

of sepsis and among those with normal CRP levels, 5(16.66%) had features of sepsis. 

P-value being 0.381, there was no statistically significant association. 

 Features of sepsis among patients with preoperative elevated serum bilirubin 

levels were present in 3(13.04%) patients and among those who had normal 

preoperative bilirubin levels, suspicion for sepsis was found among 3(11.11%). The 

percentage of sepsis among those with elevated bilirubin levels was found to be high, 

however since the P-value was 1.000, there is no statistically significant association. 

 11.53% (3) of the patients who had previous biliary intervention had features 

of sepsis on post-operative day 10, while 12,5% (3) of the patients who had no 

biliary intervention had features of sepsis. The percentage of sepsis among patients 

who had previous biliary intervention was found to be lower than patients who did 

not undergo any biliary intervention. However, since the P-value was 1.000, this 

association was considered statistically insignificant. 
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4. Sepsis at discharge: 

Table 10: Comparison between preoperative parameters and sepsis at discharge 

 

            Variables  

Suspected sepsis at 

discharge 

 

P-value 

Odds 

ratio 

95%(CI) Yes  

n (%) 

No 

n (%) 

 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000 

 

 

NA 

No  9(18.75) 39(81.25) 

Elevated 

CRP 

Yes  1(5) 19(95) 0.067 0.1447 

(0,0166-

1.2646) No  8(26.66) 2273.33() 

Elevated 

bilirubin 

Yes  4(17.39) 19(82.6) 1.00 

 

0.9263 

(0.2171-

3.9531) No  5(18.51) 22(81.48) 

Biliary 

intervention 

Yes  6(23.07) 20(76.91) 0.467 2.1 

(0.4615-

9.5556) No  3(12.5) 21(87.5) 

 

 

  None of the patients who had elevated preoperative serum Procalcitonin 

levels had features of sepsis. 9(18.75%) of the patients who had normal serum 

Procalcitonin levels had features of sepsis after post-op day ten and prior to 

discharge. P-value was 1.000 and there was no statistically significant association. 

 Among the 20 patients who had elevated preoperative serum CRP levels, only 

1 (5%) had features of sepsis, while among those with normal serum CRP levels, 8 

(26.66%) had features of sepsis. P-value calculated by Fisher’s exact test was 0.067 

and hence the association was considered statistically insignificant. 
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 Among the 23 patients who had elevated serum bilirubin levels, 4(17.39%) 

had features of sepsis and among those with normal serum bilirubin levels, 

5(18.51%) had features of sepsis. Since the P-value was 1.000, there was no 

statistically significant association between elevated bilirubin levels and sepsis at 

discharge. 

 23.07%(6) patients among those who had previous biliary intervention had 

features of sepsis after day 10 and prior to discharge while among those who had no 

previous biliary intervention, only 3(12.5) patients had features of sepsis. P-value of 

this comparison being 0.467, this association is considered statistically insignificant. 

 

5. SSI on post-op day 3: 

Table 11: Comparison between preoperative parameters and SSI on POD3 

 

            Variables  

     SSI day 3  

P-value 

Odds 

ratio 

95%(CI) 
Yes  

n (%) 

No 

n (%) 

 

Elevated 

Procalcitonin 

Yes 1(50) 1(50) 0.263 7 

(0.3848-

127.3273) No  6(12.5) 42(87.5) 

Elevated 

CRP 

Yes  6(30) 14(70) 0.12 

 

12.4286 

(1.362-

113.4142) No  1(3.33) 29(96.66) 

Elevated 

bilirubin 

Yes  3(13.04) 20(86.95) 1.00 

 

0.8625 

(0.172-

4.3256) No  4(14.81) 23(85.18) 

Biliary 

intervention 

Yes  3(11.53) 23(88.46) 0.697 0.6522 

(0.13-

3.2708) No  4(16.66) 20(83.33) 
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 One (50%) patient among the 2 who had elevated preoperative Procalcitonin 

level had SSI on the third post-op day, while among those who had normal serum 

Procalcitonin levels preoperatively, only 12.5% (6) of patients had SSI. A higher 

percentage of SSI was found to be present on post-op day 3 among those with 

preoperative elevated serum Procalcitonin levels. Since the P-value calculated by 

Fisher’s exact test was 0.263, there was no statistically significant association 

between preoperative elevated levels of serum Procalcitonin and SSI on post-op day 

3. 

 Among the patients who had elevated serum CRP levels preoperatively, 

6(30%) of them had SSI while among the 30 patients with normal CRP levels, only 

1(3.33%) patient had SSI and 29(96.66%) did not have SSI on post-op day 3. The 

percentage of SSI in patients with preoperative elevated serum CRP levels was found 

to be higher than those with normal CRP levels. However, since the P-value was 

0.12, there was no statistically significant association between SSI and preoperative 

levels of C-reactive protein. 

 Among the patients with preoperative elevated serum bilirubin levels, 

3(13.04%) had features of SSI while among the patients with normal bilirubin levels, 

4(14.81%) patients had features of SSI. Since the P-value was1.000, there was no 

statistically significant association. 

 Among the 26 patients who had previous biliary intervention, 3 (11.53%) 

patients had features of SSI while among the 24 patients who did not have previous 

biliary intervention, 4(16.6%) patients had features of SSI on the third postoperative 

day. The percentage of SSI among patients who had previous biliary intervention is 
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higher than among those who did not have any biliary intervention. However, since 

the P-value was 0.697, there was no statistically significant association between 

preoperative biliary intervention and SSI on the third following the surgery. 

 

6. SSI on post-op day 7: 

Table 12: Comparison between preoperative parameters and SSI on POD7 

 

            Variables  

     SSI day 7  

P-value 

Odds ratio 

95%(CI) Yes  

n (%) 

No 

n (%) 

 

Elevated 

Procalcitonin 

Yes 1(50) 1(50) 0.514 2.4286 

(0.1414-

41.6034) No  14(29.16) 34(70.83) 

Elevated 

CRP 

Yes  6(30) 14(70) 1.000 1 

(0.2909-

3.4373) No  9(30) 21(70) 

Elevated 

bilirubin 

Yes  5(21.79) 18(78.26) 0,239 

 

0.4722 

(0.1337-

1.6676) No  10(37.03) 17(62.96) 

Biliary 

intervention 

Yes  9(34.61) 17(65.38) 0.459 1.5882 

(0.4654-

5.4196) No  6(25) 18(75) 

 

 One (50%) patient among the 2 who had elevated preoperative Procalcitonin 

level had SSI on the seventh post-op day, while among those who had normal serum 

Procalcitonin levels preoperatively, only 29.16% (14) of patients had SSI. A higher 

percentage of SSI was found to be present on post-op day 3 among those with 

preoperative elevated serum Procalcitonin levels. Since the P-value calculated by 
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Fisher’s exact test was 0.514, there is no statistically significant association between 

preoperative elevated levels of serum Procalcitonin and SSI on post-op day 7. 

  Among the patients who had elevated serum CRP levels preoperatively, 

6(30%) of them had SSI while among the 30 patients with normal CRP levels, 9 

(30%) patients had SSI and 21(70%) did not have SSI on post-op day 3. The 

percentage of SSI in patients with preoperative elevated serum CRP levels was the 

same as those with normal CRP levels. However, since the P-value was 1.000, there 

is no statistically significant association between SSI and preoperative levels of C-

reactive protein. 

 Among the patients with preoperative elevated serum bilirubin levels, 

5(21.79%) had features of SSI while among the patients with normal bilirubin levels, 

10(37.03%) patients had features of SSI. Since the P-value was 0.239, there was no 

statistically significant association. 

  Among the 26 patients who had previous biliary intervention, 9 

(34.61%) patients had features of SSI while among the 24 patients who did not have 

previous biliary intervention, 6(25%) patients had features of SSI on the seventh 

postoperative day. However, since the P-value was 0.459, there was no statistically 

significant association between preoperative biliary intervention and SSI on the third 

following the surgery. 
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7. SSI on post-op day 10: 

Table 13: Comparison between preoperative parameters and SSI on POD10 

 

            Variables  

     SSI day 10  

P-value 

Odds 

ratio 

95%(CI) 
Yes  

n (%) 

No 

n (%) 

 

Elevated 

Procalcitonin 

Yes 2(100) 0 0.241  

NA 

No  16(33.33) 32(66.66) 

Elevated 

CRP 

Yes  8(40) 12(60) 0.630 

 

1.333 

(0,4125-

4.3101) No  10(33.33) 20(66.66) 

Elevated 

bilirubin 

Yes  9(39.13) 14(60.86) 0.670 1.2857 

(0.4038-

4.0941) No  9(33.33) 18(66.66) 

Biliary 

intervention 

Yes  11(42.30) 15(57.69) 0.333 1.781 

(0.5501-

5.7657) No  7(29.16) 17(70.83) 

 

 Both the patients who had elevated preoperative serum Procalcitonin levels 

had SSI on the 10th post-op day while among the 48 patients who did not have 

elevated Procalcitonin levels, 16(32.66%) patients had SSI. Since the P-value 

calculated was 0.241, there was no statistically significant association between 

preoperative elevated levels of serum Procalcitonin and SSI on post-op day 10. 

 Among the patients who had elevated serum CRP levels preoperatively, 

8(40%) of them had SSI while among the 30 patients with normal CRP levels, 10 

(33.33%) patients had SSI and 21(66.66%) did not have SSI on post-op day 3. The 

percentage of SSI in patients with preoperative elevated serum CRP levels was 
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higher than those with normal CRP levels. However, since the P-value was 0.630, 

there was no statistically significant association between SSI and preoperative levels 

of C-reactive protein. 

 Among the patients with preoperative elevated serum bilirubin levels, 

9(39.13%) had features of SSI while among the patients with normal bilirubin levels, 

9(33.33%) patients had features of SSI. Since the P-value was 0.670, there was no 

statistically significant association. 

  Among the 26 patients who had previous biliary intervention, 11 

(42.30%) patients had features of SSI while among the 24 patients who did not have 

previous biliary intervention, 7(29.16%) patients had features of SSI on the tenth 

postoperative day. However, since the P-value was 0.333, there was no statistically 

significant association between preoperative biliary intervention and SSI on the third 

following the surgery. 
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8. SSI at discharge: 

Table 14: Comparison between preoperative parameters and SSI at discharge 

 

            Variables  

     SSI at discharge  

P-value 

Odds 

ratio 

95%(CI) 
Yes  

n (%) 

No 

n (%) 

 

Elevated 

Procalcitonin 

Yes 2(100) 0 0.107  

NA 

No  11(22.91) 37(77.08) 

Elevated 

CRP 

Yes  5(25) 15(75) 0.895 

 

0.9167 

(0.2509-

3.3496) No  8(26.66) 22(73.33) 

Elevated 

bilirubin 

Yes  6(26.08) 17(73.91) 0.990 

 

1.0084 

(0.2838-

3.5826) No  7(25.92) 20(74.07) 

Biliary 

intervention 

Yes  7(26.92) 19(73.07) 0.877 

 

1.1053 

(0.3114-

3.9229) No  6(25) 18(75) 

 

 Both the patients who had elevated preoperative serum Procalcitonin levels 

had SSI while among the 48 patients who did not have elevated Procalcitonin levels, 

11(22.91%) patients had SSI. The percentage of patients with elevated Procalcitonin 

levels having SSI was more than those with normal Procalcitonin levels. Since the P-

value calculated was 0.107, there was no statistically significant association between 

preoperative elevated levels of serum Procalcitonin and SSI at discharge. 

 Among the patients who had elevated serum CRP levels preoperatively, 

5(25%) of them had SSI while among the 30 patients with normal CRP levels, 8 

(26.66%) patients had SSI and 22(73.33%) did not have SSI at discharge. However, 
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since the P-value was 0.895, there was no statistically significant association between 

SSI and preoperative levels of C-reactive protein. 

 Among the patients with preoperative elevated serum bilirubin levels, 

6(26.08%) had features of SSI while among the patients with normal bilirubin levels, 

7(25.92%) patients had features of SSI. Since the P-value was 0.990, there was no 

statistically significant association. 

  Among the 26 patients who had previous biliary intervention, 7 

(26.92%) patients had features of SSI while among the 24 patients who did not have 

previous biliary intervention, 6(25%) patients had features of SSI. However, since the 

P-value was 0.877, there was no statistically significant association between 

preoperative biliary intervention and SSI at the time of discharge. 
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9. Pneumonia at post-op day 3: 

Table 15: Comparison between preoperative parameters and pneumonia on POD3 

 

            Variables  

    Pneumonia day 3  

P-value Yes (n) No (n) 

 

Elevated 

Procalcitonin 

Yes 0 2  

 NA 

No  0 48 

 

Elevated CRP 

Yes  0 20  

   NA 

No  0 30 

Elevated 

bilirubin 

Yes  0 23  

   NA 

No  0 27 

Biliary 

intervention 

Yes  0 26  

   NA 

No  0 24 

 

  

 

On the third post-op day, none of the patients had Pneumonia. Hence no 

association could be calculated based on the preoperative values of serum 

Procalcitonin, CRP, serum bilirubin or previous biliary intervention. 
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10. Pneumonia at post-op day 7: 

Table 16: Comparison between preoperative parameters and pneumonia on POD7 

 

            Variables  

     Pneumonia day 7  

P-value 

Odds 

ratio 

95%(CI) 
Yes 

n (%) 

No 

n (%) 

 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000  

NA 

No  3(6.25) 45(93.75) 

Elevated 

CRP 

Yes  0 20(100) 0.395 

 

 

NA 

No  3(10) 27(90) 

Elevated 

bilirubin 

Yes  0 23(100) 0.293 

 

 

NA 

No  3(11.11) 24(88.88) 

Biliary 

intervention 

Yes  3(11.58) 23(88.46) 0.263  

NA 

No  0 24(100) 

 

 On the 7th postoperative day, none of the patients with preoperative elevated 

serum Procalcitonin levels developed Pneumonia. Three (6.25%) of the patients with 

normal Procalcitonin levels developed pneumonia. Since the P-value was not 

significant, there was no statistically significant association between Procalcitonin 

and post-op pneumonia. 

 None of the patients with elevated preoperative CRP levels had pneumonia. 

Three (10%) of those with normal preoperative levels developed pneumonia on the 

7th post-op day. However, since the P-value was not significant, there was no 

statistically significant association between CRP and post-op pneumonia. 
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 None of the patients with preoperative elevated bilirubin levels developed 

pneumonia. Three (11.11%) of those with normal bilirubin levels developed 

pneumonia on the 7th post-op day. Since the P-value was not significant, there was no 

statistically significant association between bilirubin levels and post-op pneumonia. 

 Among the 26 patients who had previous biliary intervention, 3 (11.58%) had 

developed pneumonia. And none of the patients who had no previous biliary 

intervention developed pneumonia. However, since the P-value was not significant, 

there was no statistically significant association between previous biliary intervention 

and post-op pneumonia. 

 

11. Pneumonia at post-op day 10: 

Table 17: Comparison between preoperative parameters and pneumonia on POD10 

 

            Variables  

    Pneumonia day 10  

P-value 

Odds 

ratio 

95%(CI) 
Yes  

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000  

NA 

No  2(4.16) 46(95.83) 

Elevated 

CRP 

Yes  0 20(100) 0.659 

 

 

NA 

No  2(6.66) 28(93.33) 

Elevated 

bilirubin 

Yes  0 23(100) 0.543 

 

 

NA 

No  2(7.40) 25(92.59) 

Biliary 

intervention 

Yes  2(7.69) 24(92.30) 0.506 

 

 

NA 

No  0 24(100) 
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 On the 10th postoperative day, none of the patients with preoperative elevated 

serum Procalcitonin levels developed Pneumonia. Two (4.16%) of the patients with 

normal Procalcitonin levels developed pneumonia. Since the P-value was not 

significant, there was no statistically significant association between Procalcitonin 

and post-op pneumonia. 

 None of the patients with elevated preoperative CRP levels had pneumonia. 

Two (6.66%) of those with normal preoperative levels developed pneumonia on the 

10th post-op day. However, since the P-value was not significant, there was no 

statistically significant association between CRP and post-op pneumonia. 

 None of the patients with preoperative elevated bilirubin levels developed 

pneumonia. Two (7.40%) of those with normal bilirubin levels developed pneumonia 

on the 10th post-op day. Since the P-value was not significant, there was no 

statistically significant association between bilirubin levels and post-op pneumonia. 

 Among the 26 patients who had previous biliary intervention, 2 (7.69%) had 

developed pneumonia. And none of the patients who had no previous biliary 

intervention developed pneumonia. However, since the P-value was not significant, 

there was no statistically significant association between previous biliary intervention 

and post-op pneumonia. 
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12. Pneumonia at discharge: 

Table 18: Comparison between preoperative parameters and pneumonia at discharge 

 

            Variables  

     Pneumonia-

discharge 

 

P-value 

Odds 

ratio 

95%(CI) Yes  

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000  

NA 

No  2(4.16) 46(95.83) 

Elevated 

CRP 

Yes  0 20(100) 0.659 

 

 

NA 

No  2(6.66) 28(93.33) 

Elevated 

bilirubin 

Yes  0 23(100) 0.543 

 

 

NA 

No  2(7.40) 25(92.59) 

Biliary 

intervention 

Yes  2(7.69) 24(92.30) 0.506 

 

 

NA 

No  0 24(100) 

 

 

 At discharge, none of the patients with preoperative elevated serum 

Procalcitonin levels developed Pneumonia. Two (4.16%) of the patients with normal 

Procalcitonin levels developed pneumonia. Since the P-value was not significant, 

there was no statistically significant association between Procalcitonin and post-op 

pneumonia. 

 None of the patients with elevated preoperative CRP levels had pneumonia. 

Two (6.66%) of those with normal preoperative levels developed pneumonia at 
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discharge. However, since the P-value was not significant, there was no statistically 

significant association between CRP and post-op pneumonia. 

 None of the patients with preoperative elevated bilirubin levels developed 

pneumonia. Two (7.40%) of those with normal bilirubin levels developed pneumonia 

at discharge. Since the P-value was not significant, there was no statistically 

significant association between bilirubin levels and post-op pneumonia. 

 Among the 26 patients who had previous biliary intervention, 2 (7.69%) had 

developed pneumonia. And none of the patients who had no previous biliary 

intervention developed pneumonia. However, since the P-value was not significant, 

there was no statistically significant association between previous biliary intervention 

and post-op pneumonia. 

 

13. Urinary tract infection: 

a) On the third postoperative day, among the patients who had preoperative 

elevated levels of Procalcitonin, CRP, serum bilirubin or previous biliary 

intervention, none of them developed UTI. 

b) On post-op day 7, among the patients who had preoperative elevated levels 

of Procalcitonin, CRP, serum bilirubin or previous biliary intervention, none 

of them developed UTI. 

c) On post-op day 10, among the patients who had preoperative elevated levels 

of Procalcitonin, CRP, serum bilirubin or previous biliary intervention, none 

of them developed UTI. 
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d) At discharge: 

Table 19: Comparison between preoperative parameters and UTI at discharge 

 

            Variables  

   UTI at discharge  

P-value 

Odds 

ratio 

95%(CI) 
Yes  

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000  

NA 

No  1(2.08) 

 

97.91() 

Elevated 

CRP 

Yes  1(5) 19(95) 0.837 

 

 

NA 

No  0 30(100) 

Elevated 

bilirubin 

Yes  0 23(100) 1.000 

 

 

NA 

No  1(3.70) 26(96.29) 

Biliary 

intervention 

Yes  1(3.84) 25(96.15) 1.000 

 

 

NA 

No  0 24(100) 

 

 At discharge, none of the patients who had preoperative elevated serum 

Procalcitonin levels had developed UTI. One (2.08%) patient among those with 

normal preoperative Procalcitonin level developed UTI. Since the P-value was not 

significant, no statistically significant association was found between Procalcitonin 

levels and UTI.  

 Among the 20 patients who had preoperative elevated serum CRP levels, 1 

(5%) patient had developed UTI at discharge. None of the patients with a normal 

preoperative serum CRP level developed UTI. However, since the P-value was not 
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significant, there was no statistically significant association between CRP levels and 

UTI levels. 

 None of the patients who had elevated preoperative serum bilirubin levels 

developed UTI while among those who had normal serum bilirubin, 1 (3.70%) 

patient developed UTI. P-value calculated was not significant and hence there was no 

statistically significant association between preoperative bilirubin levels and post-op 

UTI. 

 Among the 26 patients who had previous biliary intervention, only 1 (3.84%) 

developed UTI at discharge. Among those who did not have any previous biliary 

intervention, none of them developed UTI. Since the P-value was not significant, 

there was no statistically significant association between biliary intervention and 

UTI. 
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14. Comparison of Bactibilia with preoperative parameters: 

Table 20: Comparison between preoperative parameters and bactibilia 

 

            Variables  

Bactibilia  

P-value 

 

Odds ratio 
Yes  

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 2(100) 0 0.875  

NA  

No  33(68.75) 15(31.25) 

Elevated 

CRP 

Yes  13(65) 7(35) 0.529 

 

0.6753 

(0.1985-

2.2975) No  22(73.33) 8(26.66) 

Elevated 

bilirubin 

Yes  17(73.91) 6(26.98) 0.577 

 

1.4167 

(0.4152-

4.8342) No  18(66.66) 9(33.33) 

Biliary 

intervention 

Yes  21(80.76) 5(19.23) 0.084 

 

3 

(0.8435-

10.6696) No  14(58.33) 10(41.66) 

 

 Intraoperative bile culture was sent for 46 of the 50 patients enrolled in the 

study. Among the 46 patients, 35 &76.98%) of them had bactibilia.  

 Among the two patients who had preoperative elevated serum Procalcitonin 

levels, both of them (100%) had bactibilia. Among the 48 who had normal serum 

Procalcitonin levels, 33 (68.75%) patients had bactibilia. The percentage of patients 

having bactibila was higher among the group of patients with preoperative elevated 

serum Procalcitonin levels. However, since the P-value was not significant, there was 

no statistically significant association between Procalcitonin levels and bactibilia. 
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 Among the 20 patients who had preoperative elevated serum CRP levels, 13 

(65%) had bactibilia. Among the 30 who had normal serum Procalcitonin levels, 22 

(73.33%) patients had bactibilia. However, since the P-value was not significant, 

there was no statistically significant association between CRP levels and bactibilia. 

 Among the 23 patients who had preoperative elevated serum bilirubin levels, 

17 (73.91%) had bactibilia. Among the 27 who had normal serum Procalcitonin 

levels, 18 (66.66%) patients had bactibilia. The percentage of patients having 

bactibila was higher among the group of patients with preoperative elevated serum 

bilirubin levels. However, since the P-value was not significant, there was no 

statistically significant association between bilirubin levels and bactibilia. 

 Among the 26 patients who had previous biliary intervention, 21 (80.76%) had 

bactibilia. Among the 24 who had no biliary intervention, 14 (58.33%) patients had 

bactibilia. The percentage of patients having bactibila was higher among the group of 

patients with preoperative elevated serum Procalcitonin levels. However, since the P-

value was not significant, there was no statistically significant association between 

previous biliary intervention and bactibilia. 

   

15.  Re-surgery/re-operation: 

a) On the third post-op day, among the patients who had elevated serum 

Procalcitonin, bilirubin, CRP, previous biliary intervention, none of them 

underwent re-operation. 
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b) On post-op day 7, among the patients who had elevated serum 

Procalcitonin, bilirubin, CRP, previous biliary intervention, none of them 

underwent re-operation. 

 c) On post-op day 10: 

Table 21: Comparison between preoperative parameters and re-operation on POD10 

 

            Variables  

     Re-operation day 10  

P-value 

Odds ratio 

95%(CI) 
Yes  

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000  

NA 

No  2(4.16) 46(95.83) 

Elevated 

CRP 

Yes  0 20(100) 0.659  

NA 

No  2(6.66) 28(93.33) 

Elevated 

bilirubin 

Yes  1(4.37) 22(95.65) 1.000 

 

1.1818 

(0.0698-

20.0147) No  1(3.70) 26(96.29) 

Biliary 

intervention 

Yes  0 26(100) 0.435 

 

 

NA 

No  2(8.33) 22(91.66) 

 

 Among those with elevated preoperative serum Procalcitonin levels, none of 

them underwent re-operation on post-op day 10. Two (4.16%) patients among those 

with normal serum Procalcitonin levels underwent re-operation. Since the P-value 

was insignificant, there was no statistically significant association between 

Procalcitonin levels and re-operation. 
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 None of the patients with elevated preoperative CRP levels underwent re-

operation on post-op day 10. Two (6.66%) of the patient who had normal CRP levels 

underwent re-operation. There was no statistically significant association between 

elevated CRP levels and re-operation on post-op day 10 since the P-value was 

insignificant. 

 Among the 23 patients who had elevated preoperative serum bilirubin levels, 

one (4.37%) patient underwent re-operation and one (3.70%) patient among those 

with normal preoperative serum bilirubin level underwent reoperation on post-op day 

10. Since the P-value was insignificant, there was no statistically significant 

association between bilirubin levels and re-operation on post-op day 10. 

 None of the patients who had previous biliary intervention underwent re-

operation on post-op day 10. Since P-value was insignificant, there was no 

statistically significant association between previous biliary intervention and re-

operation on post-op day 10. 
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 d) At discharge: 

Table 22: Comparison between preoperative parameters and re-operation at 

discharge 

 

            Variables  

     Re-operation at 

discharge 

 

P-value 

Odds ratio 

95%(CI) 

Yes  

n (%) 

No 

n (%) 

Elevated 

Procalcitonin 

Yes 0 2(100) 1.000  

NA 

No  1(2.08) 47(97.91) 

Elevated 

CRP 

Yes  0 20(100) 1.000 

 

 

NA 

No  1(3.33) 29(96.66) 

Elevated 

bilirubin 

Yes  1(4.34) 22(95.65) 0.460 

 

 

NA 

No  0 27(100) 

Biliary 

intervention 

Yes  1(3.84) 25(96.15) 1.000 

 

 

NA 

No  0 24(100) 

 

 At discharge, none of the patients with preoperative elevated serum 

Procalcitonin levels underwent re-operation while 1(2.08%) patient among those with 

normal Procalcitonin level underwent reoperation. P-value being 1.000 was 

considered insignificant and hence there was no statistically significant association 

between Procalcitonin levels and reoperation. 

 Among the 20 patients with preoperative elevated serum CRP levels, 

none of them underwent reoperation while 1(3.33%) patient among those with 

normal CRP levels underwent reoperation. P-value being 1.000 was considered 



88 
 

insignificant and hence there was no statistically significant association between CRP 

levels and reoperation. 

 Among the 23 patients with preoperative elevated serum bilirubin levels, 

one (4.34%) patient underwent reoperation while none of those with normal bilirubin 

levels underwent reoperation. P-value being 0.460, there was no statistically 

significant association between bilirubin levels and reoperation. 

 Among the 26 patients who had previous biliary intervention, one 

(3.84%) patient underwent reoperation while none among the 24 patients who had no 

previous biliary intervention underwent reoperation. P-value being 1.000 there was 

no statistically significant association between previous biliary intervention and 

reoperation. 
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Comparison of post-op antibiotics with preoperative parameters and 

postoperative infective complications: 

 

1. Preoperative serum Procalcitonin, CRP, bilirubin levels, previous biliary 

intervention, and post-op antibiotics: 

Table 23: Comparison between preoperative parameters and the use of postoperative antibiotics 

 

            Variables  

     Post-op antibiotics  

P-value 

Odds 

ratio 

95%(CI) 
Yes  

n (%) 

No 

n (%) 

 

Elevated 

Procalcitonin 

Yes 1(50) 1(50) 1.000 0.5 

(0.0293-

8.5244) No  32(66.66) 16(33.33) 

Elevated 

CRP 

Yes  13(65) 7(35) 0.623 

 

0.9286 

(0.282-

3.058) No  20(66.66) 10(33.33) 

Elevated 

bilirubin 

Yes  16(69.56) 7(30.43) 0.623 

 

1.3345 

(0.412-

4.3879) No  17(62.96) 10(37.03) 

Biliary 

intervention 

Yes  19(73.07) 7(26.92) 0.272 

 

1.9388 

(0,5914-

6.3554) No  14(58.33) 10(41.66) 

 

 

 Among the 2 patients who had preoperative elevated serum Procalcitonin 

levels, one patient received post-op antibiotics while among the 48 patients who had 

normal Procalcitonin levels, 32 (66.66%) patients received post-op antibiotics. The 

P-value for this comparison was insignificant and hence there was no statistically 
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significant association between the need for post-op antibiotic and preoperative 

elevated serum Procalcitonin levels. 

 Among the 20 patients who had preoperative elevated serum CRP levels, 

13(65%) patients were administered post-op antibiotics while among those with 

normal CRP levels, 20(66.66%) patients were also administered antibiotics in the 

post-operative period. The percentage of patients who were administered post-op 

antibiotics were similar in the groups with normal as well as elevated CRP levels. 

Since the P-value was insignificant, there was no statistically significant association 

between the need for post-op antibiotic and preoperative elevated serum CRP levels. 

 

2. Post-op antibiotics and post-op sepsis: 

Table 24: Comparison between postoperative sepsis and postoperative use of antibiotics 

 

            Variables  

     Post-op antibiotics  

P-value 
Yes  

n (%) 

No 

n (%) 

 

Sepsis day 3 

 

Yes 7(100) 0 0.106 

No  26(60.46) 17(39.53) 

Sepsis day 7 

 

Yes  8(100) 0 0.071 

No  25(59.52) 17(40.47) 

Sepsis day 10 Yes  6(100) 0 0.157 

No  27(61.36) 17(38.63) 

Sepsis at 

discharge  

Yes  9(100) 0 0.047 

No  24(58.53) 17(34.69) 
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 Among the 7 patients who had features suspicious for sepsis on the third post-

op day, all of them required antibiotics postoperatively. Also, 26(60.46%) patients 

among those who had no features of sepsis received antibiotics in the postoperative 

period. P-value being insignificant, there was no statistically significant association 

between the need for antibiotics and features with suspicion for sepsis. 

 On the 7th post-op day, all 8 patients who had features of sepsis continued to 

require post-op antibiotics. Similarly, 25(59.52%) patients who did not have features 

of sepsis received antibiotics. P-value being insignificant, there was no statistically 

significant association between the need for antibiotics and features with suspicion 

for sepsis. 

 On the 10th post-op day, all 6 patients who had features of sepsis required 

post-op antibiotics. Similarly, 27(61.63%) patients who did not have features of 

sepsis required antibiotics. P-value being insignificant, there was no statistically 

significant association between the need for antibiotics and features with suspicion 

for sepsis. 

 At discharge, 9 patients who had sepsis required antibiotics and the others who 

did not have features of sepsis did not require any antibiotics. The P-value for this 

association was 0.047. However, no association can be derived from this statistical 

significance. 
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3. Post-op antibiotics and SSI: 

Table 25: Comparison between postoperative SSI and the use of postoperative antibiotics 

 

            Variables  

     Post-op antibiotics  

P-value 
Yes  

n (%) 

No 

n (%) 

 

SSI day 3 

Yes 4(57.14) 3(42.85) 0.677 

No  29(67.44) 14(32.55) 

SSI day 7 

 

Yes  11(73.33) 4(26.66) 0.474 

No  22(62.85) 13(37.14) 

SSI day 10 Yes  14(77.77) 4(22.22) 0.187 

No  19(59.37) 13(40.62) 

SSI at 

discharge  

Yes  9(69.23) 4(30.76) 1.000 

No  24(64.86) 13(35.13) 

 

 Among the seven patients who had features of SSI on post-op day 3, 

4(57.14%) patients required antibiotics. Also, among the 43 patients who had no 

features of SSI, antibiotics were required and administered in 29(62.85%) patients. P-

value calculated was insignificant and hence there was no statistically significant 

association between the need for antibiotics and features of SSI. 

 Among the 15 patients who had SSI on post-op day 7, 11(73.33%) patients 

required antibiotics. Among the 35 patients who had no SSI, 22(62.85%) required 

antibiotics. P-value calculated was insignificant and hence there was no statistically 

significant association between the need for antibiotics and features of SSI. 
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 On the 10th post-op day, 18 patients had SSI, among them 14(77.77%) patients 

required antibiotics and among the 32 patients who had no SSI, 19(59.37%) patients 

were administered antibiotics. P-value calculated was insignificant and hence there 

was no statistically significant association between the need for antibiotics and 

features of SSI. 

 Among the 13 patients who had SSI at discharge, 9(69.23%) patients required 

antibiotics and among the 37 patients who had no SSI, 24(64.86%) patients were 

administered antibiotics. P-value calculated was insignificant and hence there was no 

statistically significant association between the need for antibiotics and features of 

SSI. 

4. Post-op antibiotics and pneumonia: 

Table 26: Comparison between postoperative pneumonia and the use of postoperative 

antibiotics 

 

            Variables  

     Post-op antibiotics  

P-value Yes  

n (%) 

No 

n (%) 

 

Pneumonia day 

3 

Yes 0 0  

NA 
No  33(66) 17(34) 

Pneumonia day 

7 

Yes  3(100) 0 0.513 

No  30(63.82) 17(36.17) 

Pneumonia day 

10 

Yes  2(100) 0 0.784 

No  31(64.58) 17(35.41) 

Pneumonia at 

discharge  

Yes  2(100) 0 0.784 

No  31(64.58) 17(35.41) 
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 On the third post-op day, none of the patients had features of pneumonia and 

on the 7th post-op day, all the 3 patients who had features of pneumonia had received 

antibiotics. 

 On the 10th post-op day, 2 patients had features of pneumonia with both of 

them having received antibiotics and at discharge, 2 patients who had features of 

pneumonia received antibiotics. 

 P-value calculated for all the above association are insignificant and hence 

there is no association between post-op pneumonia and the need for antibiotics. 

 

5. Post-op antibiotics and UTI: 

 

Table 27: Comparison between postoperative UTI and the use of postoperative antibiotics 

 

            Variables  

     Post-op antibiotics  

P-value 

 

 

Yes  

n (%) 

No 

n (%) 

 

UTI day 3 

 

Yes 0 0  

NA 
No  33(66) 17(34) 

UTI day 7 

 

Yes  0 0  

NA 

 No  33(66) 17(34) 

UTI day 10 Yes  0 0  

NA 
No  33(66) 17(34) 

UTI at 

discharge  

Yes  1(100) 0 1.000 

No  32(65.30) 17(34.69) 
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 On post-op days 3, 7 and 10, none of the patients had UTI. At discharge, 1 

patient had UTI who also received an antibiotic. There was no significant P-value 

calculated. 

 

Combined comparison between CRP and Procalcitonin: 
 

 In order to assess the combined efficacy of preoperatively elevated 

procalcitonin and C-reactive protein levels as a biomarker for postoperative 

infectious complications, the following analysis was done. 

 

1. Association between Sepsis and Preoperative elevated levels of CRP and PCT 

 

Table 28: Comparison between patients with elevated levels of both CRP, PCT and post-op 

Sepsis 

 

            Variables  

Elevated CRP and PCT 

Yes  No  

 

Sepsis POD3 

Yes 0 7(14.58%) 

No  2(100%) 41(85.41%) 

 

Sepsis POD7 

Yes  0 8(16.66%) 

No  2(100%) 40(83.33%) 

 

Sepsis POD10 

Yes  0 6(12.5%) 

No  2(100%) 42(87.5%) 

Sepsis at 

discharge  

Yes  0 9(18.75%) 

No  2(100%) 39(81.25%) 
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 Among the 50 patients who were a part of this study, only 2 (4%) patients 

had preoperatively elevated C-reactive protein and procalcitonin. Also, neither 

of these two patients had any features of sepsis on postoperative days 3, 7, 10 or 

at the time of their discharge. 

 

2. Association between SSI and Elevated CRP and Procalcitonin 

Table 29: Comparison between patients with elevated levels of both CRP, PCT and post-op 

SSI 

 

            Variables  

Elevated CRP and PCT 

Yes n(%) No  n(%) 

 

SSI POD3 

Yes 1(50) 6(12.5) 

No  1(50) 42(87.5) 

 

SSI POD7 

Yes  1(50) 14(29.16) 

No  1(50) 34(70.83) 

 

SSI POD10 

Yes  2(100) 6(12.5) 

No  0 42(87.5) 

SSI at 

discharge  

Yes  2(100) 9(18.75) 

No  0 39(81.25) 

 

 Among the two patients who had elevated levels of both C-reactive 

protein and procalcitonin, only one patient developed SSI on or before the 3rd 

post-op day while the other patient developed SSI on or before the 7th 

postoperative day. However, from the table above, SSI being present on the 10th 

post-op day and at discharge only means that both these patients went on to 
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have prolonged superficial surgical site infection lasting till their discharge from 

the hospital. Also, the sample is only two, the ‘p’ value could not be calculated for 

this comparison and hence there was no statistical significance. 

 

3. Association between Pneumonia and elevated levels of CRP and PCT 

Table 30: Comparison between patients with elevated levels of both CRP, PCT and post-op 

Pneumonia 

 

            Variables  

Elevated CRP and PCT 

Yes n(%) No n(%) 

 

Pneumonia  

POD3 

Yes 0 0 

No  2(100) 48(100) 

Pneumonia  

POD7 

Yes  0 3(6.25) 

No  2(100) 45(93.75) 

Pneumonia  

POD10 

Yes  0 2(4.16) 

No  2(100) 46(95.83) 

Pneumonia at 

discharge  

Yes  0 2(4.16) 

No  2(100) 46(95.83) 
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4. Association between UTI and preoperative elevated CRP and PCT: 

Table 31: Comparison between patients with elevated levels of both CRP, PCT and post-op UTI 

 

            Variables  

Elevated CRP and PCT 

Yes n(%) No n(%) 

 

Pneumonia  

POD3 

Yes 0 0 

No  2(100) 48(100) 

Pneumonia  

POD7 

Yes  0 0 

No  2(100) 48(100) 

Pneumonia  

POD10 

Yes  0 0 

No  2(100) 48(100) 

Pneumonia at 

discharge  

Yes  0 1(2.08) 

No  2(100) 47(97.91) 

  
Neither of the two patients with elevated levels of both CRP and PCT developed 

pneumonia or urinary tract infection during their hospital stay. 

5. Association between postoperative use of antibiotics and preoperative elevated 

CRP and PCT: 

Table 32: Comparison between patients with elevated levels of both CRP, PCT and post-op use of 
antibiotics 

 

            Variables  

Elevated CRP and PCT 

Yes n(%) No n(%) 

 

Post-op 

antibiotic 

Yes 1 (50) 32 (66.66) 

No  1 (50) 16(33.33) 

One patient with elevated levels of both CRP and PCT required antibiotic 

administration during the hospital stay for SSI. 
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DISCUSSION 

 

 Advances in surgical technique and perioperative management have reduced 

mortality rates for Whipple procedure to 5 percent or less in high-volume centers(5). 

Similar studies have shown that the lowest operative mortality rates and best long-

term cancer outcomes following surgery have been seen in high-volume centers(3,4). 

House et al in 2008 showed that infective complications following 

pancreaticoduodenectomy were 14% for wound infection and 15% for pancreatic 

fistula(9). Fathy et al published that among 216 patients with periampullary tumors 

treated by pancreaticoduodenectomy, operative mortality occurred in 7(3.2%), 

77(33%) patients developed 1 or more complications, pancreatic leak occurred in 23 

(10.6%) patients, abdominal collection in 23 patients (10.6%) and delayed gastric 

emptying in 19 (8.8%) patients(10). 

 With this background knowledge that infectious complications as one of the 

leading causes of increased morbidity in pancreaticoduodenectomy, preoperative 

parameters that can possibly help as predictors for postoperative infective 

complications were looked into. Thereby an attempt at prevention of these infective 

complications can be made with the help of accurate preoperative prediction.  

 Several biochemical markers have been used in the past to predict morbidity 

and mortality after pancreaticoduodenectomy. Winter et al in 2007 analyzed 

preoperative levels of serum amylase, glucose, creatinine, blood urea nitrogen (BUN), 

hematocrit, alkaline phosphatase, liver enzymes - alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), albumin, serum bilirubin within two weeks from 

surgery as predictive markers of postoperative morbidity and mortality after 
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pancreaticoduodenectomy(44). High peak postoperative amylase (>292 μL) and 

preoperative BUN levels >20 mg/dL along with preoperative albumin level <2.5 g/dL 

and/or peak postoperative ALT/AST >200 U/L were associated with an increased 

morbidity(44). Also, patients with preoperative albumin level <3.5 g/dL had a 

relatively higher incidence of infective complications. 

 Procalcitonin was described as a sepsis marker in 1993(11). Synthesized by the 

parafollicular C cells of the thyroid gland, it is also released as an acute-phase reactant 

in response to inflammatory stimuli, especially those of bacterial origin(12,13). An 

update on procalcitonin measurements in 2014 showed that PCT is said to have the 

highest accuracy for diagnosing sepsis in various settings(16). Hence procalcitonin 

measurement helps in early confirmation of systemic inflammation and sepsis(16). 

Also for patient in sepsis, several studies have shown that immediate initiation of 

right antibiotics have helped improve the overall survival rates(17). Hence PCT has 

also proved to be useful in guiding antibiotic therapy(16). 

 Giardino et al in 2016, studied 84 patients who underwent 

pancreaticoduodenectomy and assessed PCT and CRP as predictive markers for 

postoperative inflammatory complications(45). The overall complication rates were 

found to be higher in patients with CRP <84 mg/dL on the first postoperative day, 

CRP > 127 mg/dL on the third postoperative day. The delta PCT and CRP levels that 

were calculated as the difference between preoperative levels and levels on 3rd 

postoperative day showed a positive trend toward correlation with morbidity(45). 

Giordino et al concluded that the use of CRP and PCT would guide better 
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postoperative management when complications arise, further studies to arrive at a 

statistically significant conclusion were advised(45). 

 C-reactive protein was discovered by Tillet and Francis in 1930 at the 

Rockefeller University(21). Du Clos et al mentioned that CRP is a classical acute 

phase reactant primarily because its serum levels rapidly rise from <1ug/mL to 600-

1000ug/mL at the peak of an acute phase response(22). Like the other acute phase 

reactants such as ESR (Erythrocyte sedimentation rate), CRP levels correlate with 

inflammation. However, CRP is considered more useful to follow clinical course and 

response to treatment when compared with the other acute phase reactants because 

the rise and fall of the serum levels of CRP in correlation with underlying 

inflammation are very dramatic(22).  

 Several studies have shown that CRP has been used as a parameter to predict 

septic complications after colorectal, gastric, upper gastrointestinal surgeries, as well 

as to predict anastomotic leaks in gastrointestinal surgeries(46–48). Witczak et al 

showed that serial measurement of CRP in the first week following surgery is 

predictive of postoperative infective complications following abdominal 

surgeries(46). According to this study, the CRP levels on the 5th postoperative day 

greater than half the maximum CRP level on the 2nd postoperative day or CRP>150 

mg/dL on 3rd postoperative day can predict infective complications. Also, the 

correlation was not significant when the CRP levels were calculated before 

postoperative day 3. 
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 Palanivelu et al studied the trend of CRP levels on postoperative days 1 to 4 

and their postoperative morbidity in patients undergoing 

pancreaticoduodenectomy(49). Pancreas specific complications (PSCs) such as 

postoperative pancreatic fistula, hemorrhage, and intra-abdominal collections were 

looked. Serum CRP more than or equal to 180 mg/dL on the 2nd postoperative day 

was associated with PSCs, prolonged critical care stay and relaparotomy. However, 

in this study, the incidence of cardiopulmonary complications and surgical site 

infections after pancreaticoduodenectomy did not reveal any significant 

association(49).  

 Welsch et al who conducted a similar study to assess the correlation between 

CRP levels and inflammatory complications showed that CRP>140mg/dL on the 4th 

postoperative day was associated with the development of inflammatory 

complications and should prompt intense clinical search for any an underlying major 

septic process. (50). 

 In 2017 Mansukhani et al studied the preoperative role of PCT and CRP as a 

predictor of post-pancreaticoduodenectomy infective complications. This 

prospective observational study included 133 patients and showed that morbidity 

associated with infective complications was 21.8%. Also, a significant association 

was found between preoperative PCT and CRP with infective complications. Hence, 

they concluded that preoperative PCT and CRP levels done 48 hours prior to the 

surgery are sensitive and specific predictors of infective complications following 

pancreaticoduodenectomy. 
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In our study, we had evaluated 50 patients to assess the value of elevated 

preoperative procalcitonin and C-reactive protein in post-pancreaticoduodenectomy 

infective complications. We had also set out to assess the preoperative levels of PCT 

and CRP as a predictor of postoperative infective complications in patients 

undergoing pancreaticoduodenectomy. 

 Among the study population, preoperatively elevated levels of CRP and 

PCT were found among 20 and 2 patients respectively. Also, two patients had 

elevated levels of both CRP and PCT. Twenty-three patients had elevated 

preoperative serum bilirubin levels, 26 patients had undergone previous biliary 

intervention in the form of ERCP, PTBD or previous surgery on the biliary tract. 

 Sepsis, SSI, UTI, and pneumonia were the postoperative infective parameters 

assessed as a part of this study. Postoperative sepsis was present among 22 (44%) 

patients, the distribution of this on the postoperative-day (POD) 3, 7, 10 and at the 

time of discharge was even. There was no particular postoperative period that was 

prone to sepsis.  

 Surgical site infection (SSI) was present among 31 (62%) patients. Patients. 

Superficial SSI was more common and was seen among 7, 15, 14 and 9 patients on 

PODs 3, 7, 10 and at discharge respectively. Organ space infection was seen among 

1, 6 and 7 patients on PODs 3, 10 and at discharge respectively. Organ space 

infection included postoperative anastomotic leaks as well. 

 Three patients had postoperative pneumonia and one patient had urinary tract 

infection.  
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 When preoperative parameters were compared with the postoperative 

infectious complications, on POD 3, there was no statistical significance between 

preoperatively elevated CRP, PCT levels and postoperative sepsis. Also, preoperative 

high serum bilirubin levels did not have a significance with postoperative sepsis. 

However, 96% of the patients who had preoperative biliary intervention did not have 

sepsis on POD3 and this association was statistically significant. 

 Regarding benefits of preoperative biliary intervention and postoperative 

surgical outcomes, Marignoni et al in their retrospective study of 257 patients 

showed that preoperative biliary drainage does not affect the early or late outcomes in 

patients undergoing pancreaticoduodenectomy(51). Meta-analysis data from 2015 

suggested that preoperative biliary drainage before pancreaticoduodenectomy 

increase postoperative infectious complications and hence preoperative biliary 

drainage should not be routinely done in patients planned for 

pancreaticoduodenectomy(52).  

 On POD 10, features of sepsis were seen among 13% of the patients who had 

elevated preoperative serum bilirubin levels, while only 11% of those with a normal 

preoperative serum bilirubin levels had features of sepsis. This association was not 

statistically significant. Piyush Aggarwal et al studied the effects of preoperative 

bilirubin levels on postoperative morbidity among 4580 patients who underwent 

pancreaticoduodenectomy and suggested that there was no increase in 30-day 

mortality. However, postoperative morbidity with high bilirubin levels was 

statistically significant and there was no association with surgical site infections or 

overall duration of hospital stay(53).  
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 Surgical site infection (SSI) was present among both the patients who had 

elevated preoperative procalcitonin levels on POD 10 and at discharge. However, 

there was no statistical significance for SSI among patients who had elevated 

procalcitonin levels. The probable reason for this could be that there were only two 

patients with elevated values and, hence, statistical significance could not be attained. 

Although 50% of patients with elevated preoperative levels had SSI on POD 3 and 

10, there was no statistical significance. 

 SSI among patients who had an elevated preoperative CRP level was similar 

to those with normal preoperative CRP levels. On POD 10, 40% of the patients with 

preoperative elevated CRP levels had SSI in comparison to 33% with SSI among 

those with normal CRP. However, there was no statistical significance for SSI among 

patient with preoperative elevated CRP levels. This could also probably be attributed 

to a small group of patients with elevated CRP levels. From our study, we were also 

not able to identify any statistical significance for preoperative biliary intervention, 

serum bilirubin levels, and postoperative surgical site infections. 

 None of the patients with preoperative elevated levels of CRP, PCT or serum 

bilirubin developed pneumonia during their hospital stay which was also statistically 

significant. Similarly, there was no statistical significance for the association between 

pneumonia and preoperative biliary drainage. 

 Subgroup analysis was done to look into any association between bactibilia 

and postoperative infective complications. Bactibilia was present among both 

patients who had elevated preoperative PCT levels, while 68.75% of patients with 

normal PCT levels had bactibilia and this association was not statistically significant. 
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Also, there was no statistically significant association between bactibilia and 

preoperative elevated CRP levels. However, our subgroup analysis showed that 

bactibilia was more prevalent among patients who had elevated serum bilirubin level 

(73.91%) or previous biliary intervention (80%). The P-value for this association was 

not significant.  

 Two of the 50 patients who were a part of our study with normal PCT and 

CRP levels underwent re-operation while none with a preoperative elevated CRP or 

PCT required re-operation. However, there was no statistical significance for this 

association. Also, from our results, there was no statistical significance for the 

association between patients who had preoperative elevated CRP, PCT and those 

who required antibiotics in the postoperative period for infective complications.  

 We also looked into the combined efficacy of procalcitonin and C-reactive 

protein as a preoperative predictor of postoperative infective complications. We had 

only 2 patients who had elevated values of both PCT and CRP. Neither of the two 

patients had features of sepsis during their postoperative period. However, both of 

them had SSI after POD 10 and this association was statistically insignificant. The 

probability of SSI occurring after POD 10 being predicted by preoperative levels of 

PCT and CRP would probably not be of any significance because both PCT and CRP 

are acute phase reactants.  
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CONCLUSION 

1. The association between preoperative procalcitonin and C-reactive protein and 

postoperative sepsis had no statistical significance and hence the role of PCT 

and CRP as a preoperative predictor of postoperative sepsis is doubtful. 

2. Surgical site infection was notably higher among patients with elevated 

preoperative PCT levels and also marginally higher among patients with 

elevated preoperative CRP levels, however this association was not of 

statistical significance. 

3. Subgroup analysis showed that bactibilia was more commonly seen among 

patients with elevated serum bilirubin levels, however, this association was not 

statistically significant. 

4. Patients undergoing preoperative biliary intervention have a statistically 

significant chance of not developing features of sepsis on the third 

postoperative day. 

5. There was no significant association between preoperative PCT, CRP levels 

and postoperative pneumonia or urinary tract infections.  

6. On comparing the efficacy of CRP and PCT as a predictor of postoperative 

infective complications, neither is superior to the other as a predictor and no 

statistically significant association could be identified. 

7. Combined efficacy of both PCT and Procalcitonin did not reveal any 

significant association with postoperative infective complications.  
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LIMITATIONS 

 The power of the study to have any association between preoperative elevated 

levels of PCT, CRP and postoperative infective complications was limited by the 

small sample size among the group of patients who had elevated preoperative levels of 

CRP and PCT.  

 This was an observational study where the results have the potential to be 

confounded by the care delivered. 

 Although the calculated sample size was achieved, the estimated samples with 

an elevated PCT and CRP for the estimated sample size could not be achieved in order 

to draw statistically significant conclusions. Hence, we would recommend this study 

to be conducted on a larger scale with larger sample size to arrive at any significant 

conclusion. 
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APPENDIX IIA: CDC definition for Urinary tract infection:  
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APPENDIX IIB:  Sepsis definition Surviving sepsis campaign. 
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APPENDIX IIB: Sepsis definition 
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APPENDIX-IIC 

SSI criteria as described by CDC 
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Data collection proforma: 
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