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Abstract
Background: Major hepato-biliary surgeries carry a high risk for post-operative sepsis. Recent therapeutic advances both medical and surgical
have improved early post-operative outcome. Considering the difficulties in diagnosis of infection in critically ill patients an early sensitive
and specific marker for sepsis would be of interest. Studies have shown that C - reactive protein (CRP) and pro calcitonin (PCT) are acute
phase reactants and good independent early markers of post-operative sepsis, severe or septic shock. This aspect has not been evaluated in
the hepatobiliary surgeries. More over there is no data available from the Indian sub-continent in this aspect. This study aims to evaluate the
efficacy of serum CRP and PCT levels after hepatobiliary surgery for diagnosis of postoperative complication. Subjects and Methods: This is
a cross-sectional diagnostic study has conducted in 42 patients who all are satisfying the inclusion criteria. Study duration was From August
2017 to July 2019, conducted on patients between 18-80yrs of age undergoing hepato-biliary surgery, in surgical wards of PK Das Institute
of Medical Sciences. Study variables include age, sex, pre-operative serum albumin level, pre and post-operative S.CRP AND S.PCT levels.
On post-operative day 4 and day 7 S.CRP and S.PCT are monitored and its predictability also measured. . Descriptive statistical analysis will
be carried out using SPSS (IBM). The p-value of less than 0.05 will be taken as significant. Results: out of 42 patients studied, 30 patients
developed post-operative complications. Pre-operative serum C - reactive protein and serum procalcitonin measured compared with pre-operative
serum albumin was significant identifying post-operative complications (P-value 0.02). On post-operative day 4 and 7value was significant in
post-operative patients with P-value of 0.04 vs. 0.046 respectively. Similarly serum procalcitonin values also were significant on postoperative
day (POD) 4 and 7 with P-value of 0.02 and 0.03. Sensitivity and specificity of S.PCT was more compared to S.CRP (92 vs 90% in sensitivity
and 100% vs 80% in specificity respectively. This study shows those who were clinically septic post operatively have statistically elevated levels
of serum CRP and Procalcitonin. Conclusion: S.PCT is more sensitive and specific as a marker of post operative infection following hepato
biliary surgery. Early identification of patients with insidious septic illness allows early therapeutic intervention which may favorably influence
outcome.
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Introduction

Hepato-biliary surgeries carry a high risk for post-operative
sepsis. [1] Recent therapeutic advances both medical and
surgical have improved early post-operative outcome. Despite
this progress certain patients remains at high risk of infection
and with increased incidence of morbidity and mortality.
During the post-operative period sepsis can be difficult to
distinguish from other non-infectious situations such as post-
operative systemic inflammatory response syndrome (SIRS),
related to surgical trauma. [2] SIRS can be self-limiting or

may progress to severe sepsis or septic shock. [3] Early
diagnosis and treatment of septic patients may greatly improve
outcome. Considering the difficulties in diagnosis of infection
in critically ill patients an early sensitive and specific marker
for sepsis would be of interest. Recent studies have shown
that C - reactive protein (CRP) and pro calcitonin (PCT)
is good independent early inflammatory marker of post-
operative sepsis, severe or septic shock after major hepato-
biliary surgery. [4]
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CRP acts as an opsonin for bacteria, parasites, and immune
complexes activating the classical complement pathway. [5]
The plasma levels of CRP in most healthy subject are usually
1mg/dl with normal being termed as <10mg/dl. Plasma levels
begin increasing within 4-6 hrs. After initial injury and
continue to increase several hundred folds within 24-48 hrs.
CRP remains elevated during the acute phase response, returns
to normal with restoration of tissue structure and function.
CRP is sensitive systemic marker of inflammation and tissue
damage but is not specific for infection. Surgical trauma
induces a significant increase in CRP levels, which can reduce
its predictive value for the diagnosis of infection in the early
post-operative period.

Procalcitonin (PCT), the prohormone of calcitonin was first
described as a biochemical marker of infection in 1993. [6]
It is identified as a diagnostic marker for infectious or
septic processes and correlates better with severity as CRP8-
14, PCT is an acute phase protein and is the precursor of
calcitonin. In healthy individual, PCT serum concentrations
are very low (<0.5mg/dl). The half-life of PCT is about 26
to 30 hrs15-17. Neuroendocrine cells of solid organs (lung,
kidney, pancreas, adrenal gland, and liver) might be the source
of PCT during an inflammatory procedure. Extra thyroid
cell, such as macrophages, monocytes and liver cells may
play a role in the PCT production during sepsis. [7,8] The
main hypothesis as far as the PCT induction is concerned,
presents that the stimulation for PCT elevation is a result of
a systemic challenge of the organism with bacterial end toxin
and bacterial poly-saccharides 2B. Bacterial end toxins are
potent stimuli for PCT synthesis, which exhibits faster kinetics
than CRP, PCT is released in to the circulation 3-4 hours after
an injection of end toxins, reaching peak levels after 8-24 hrs,
while CRP peaks at 36-50hrs after stimulus. [9,10]

The serum concentration of PCT is increased in patients with
severe bacterial, fungal, or parasitic infections, whereas in
those with viral infections, inflammatory responses of non-
infectious origin, auto immune diseases or allergic reactions
there is no, or only a minor, effect on the pro calcitonin
concentration. So there is a definite role of CRP and PCT as
an indicator of postoperative infection in major surgeries. This
aspect has not been evaluated in the hepatobiliary surgeries.
More over there is no data available from the Indian sub-
continent in this aspect. So, the study has conducted to evaluate
the efficacy of serum levels of C-reactive protein and serum
procalcitonin as a marker for early diagnosis of post-operative
infection after hepato-biliary surgery.

Aim

To evaluate the efficacy of serum CRP and PCT levels
after hepatobiliary surgery for diagnosis of postoperative
complication.

Subjects and Methods

This study was a Cross-sectional diagnostic study, conducted
in the department of surgery, PK Das institute of Medical Sci-
ences Ottappalam, Kerala, India for a period of 2 years from
August 2017 to July 2019 in 42 patients who are undergo-
ing Hepato-biliary surgery. Patients undergoing surgery for
hepato-biliary diseases between 18-80 years of age, both sexes,
patient willing to give valid informed consent and patients
with post-operative stay at least for 7days were included
in the study. Those who are with age <18yrs and >80yrs,
pregnancy, emergency surgery, ongoing systemic infection
prior to surgery, immuno compromised patients, patients with
malignancies not involving hepato-biliary system and patients
not giving valid informed consent were excluded from this
study. The Outcome variables of this study were 1)Sensitivity
and specificity of CRP in detecting post-operative infections
after hepato-biliary surgery, 2)Sensitivity and specificity of
PCT in detecting post-operative infections after hepato-biliary
surgery, and 3)Comparing efficacy of S.CRP and S.PCT in dif-
ferent post-operative periods

Study procedure and working definition

1. Pre-operative serum CRP and procalcitonin levels will be
measured as baseline levels.

2. Post-operative course of the patient will monitor on
day to day basis. The post-operative site of infectious
complications will be measured and classified.

3. Serum procalcitonin and CRP levels will be measured on
POD 4 and 7.

4. Post-operative infections were defined as

• Persistent fever (>3days with leukocytosis)
• All types of Surgical site infections: Purulent discharge,

symptoms of erythema, pain, local edema or diagnosis of
surgical site infections by surgeon

• Intra-abdominal fluid collection/drain volume :
>30ml/day for consecutive 3 days (except in T-tube
drain)

• Blood culture: any growth except S epidermidis after
48hrs of incubation in 2 blood cultures

• Urine culture :105 organisms/ml in the presence of pyuria
• Pulmonary complications: fever, leukocytosis, purulent

sputum with or without chest x-ray changes

Statistical analysis

Data were summarized as numbers and percentages of
patients, with medians and ranges were indicated. The
statistical methods included chi square test and student T test
were appropriate. Significance was assumed if the probability
of first degree error were p< 0.05. The data were analyzed
using SPSS version 22.0.
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Results

Table 1: Demographic characteristics.

Range/number
Mean Percentage

(%)
No. of
patients

42 - -

Age (years) 20-66 42 -
Male 11 - 26.2
Female 31 - 73.8

Figure 1: Distribution of males and females

Demographic Characteristics
Forty two patients admitted in the surgical wards of PKDIMS
hospital during the study period between September 2017
and July 2019, who all are fulfilling inclusion criteria were
included in the study. The average age of the population was
42yrs, ranging from 20 to 66yrs. In the present study, females
dominated Males with a ratio of 2.8:1(11:31) respectively.
[Table 1, Figure 1]

Distribution of co-morbidities among infected patients
In this study Post-operative infection was increased in female
than in male with a percentage of 70% vs 30% respectively.
Out of 30 infected patients 4 were diabetic (13.3%) and 7
were hypertensive(30.4%).The incidences of co- morbidities
like Diabetes, hypertension, smoking, alcohol and tobacco
chewing are shown in [Table 2].

Clinical presentation of patients
The most common clinical presentation was dyspepsia in 41
patients (97.6%), followed by abdominal pain in 19 patients
(45.2%) clinical features are described in [Figure 2].

Table 2: Distribution of Co- morbidities among infected patients
Co-morbidities Yes Percentage of pos-

itive patients (%)
Diabetes 4 13.3
Hypertension 7 30.4
Smoking 7 30.4
Alcoholism 11 36.7
Chewing tobacco
products

23 76.7

Pathological diagnosis

Cholelithiasis with cholecystitis was the most common histo-
logical diagnosis in the study population, seen in 21(50%) fol-
lowed by cholelithiasis with choledocholithiasis in 13(30.9%)
patients. Various pathological diagnoses have been given
below in the table and figure. [Table 3]

Table 3: Pathological diagnosis
Diagnosis No. of patients Percentage (%)
Cholelithiasis
with cholecystitis

21 50

Cholelithiasis
with choledo-
cholithiais

13 30.9

Benign biliary
stricture

2 4.7

Type 1c chole-
dochal cyst

2 4.7

Type 1b chole-
dochal cyst

1 2.3

Periampullary
carcinoma

2 4.7

Type 2 mirizzi’s
syndrome

1 2.4

Surgical procedures performed

Post-operative complications

In our study, out of 42 patients 30 patients developed
post operative complications. One third of the infectious
complications were localized in the abdomen. [Table 6, Figure
3]

Serum CRP levels in post-operative period of infected
patients

Among 30 patients who were infected in early post-operative
period, ie POD 4 S.CRP value ranged from 68-171mg/dl with
mean of 120mg/dl and standard deviation of +/-2.61. These
findings were statistically significant with P value of 0.04,
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Figure 2: Showing distribution of various clinical presentations.

whereas post-operative day 7 S.CRP value ranged from 1.3
to 55mg/dl in infected patients and it was also statistically
significant with P-value of 0.043.

Pre operative CRP value of infected patients ranged from
0.1mg/dl to 4.1mg/dl. However this relation was not statisti-
cally significant with P-value of 0.49. [Table 8]

PCT levels on post-operative day 4 and day 7 in infected
patients

The value of serum levels of procalcitonin in 30 infected
patients varies differently on early post-operative periods.
On day 4 of post-operative period, value ranges from 0.5 to
2.2ng/dl and mean value of 1.5ng/dl with standard deviation
of +/- 1.1. These results were statistically significant with a P
value of 0.02. The post-operative day 7 value of S.PCT ranged
from 0.2ng/dl to 1.5ng/dl. The mean value was 1.3ng/dl with
standard deviation of +/- 1.2. This finding also was statistically
significant with p value of 0.03. [Table 9]

Predictability

Discussion

Early identification of infections is still a challenge for
clinicians. The general consensus is not to provide antibiotics
for every suspected infection because emerging issues with
bacterial resistance. Therefore marker for bacterial infection
will be most helpful. Based on this analysis, we observed that
PCT levels were more accurate markers for bacterial infection

than were CRP levels, whereas CRP also has significance in
predicting infection on postoperative day 4.

Our findings are based on a prospective evaluation of 42
consecutive patients who were satisfying the inclusion criteria.
In line with others, the number of clinical events ( 30
patients with intra-abdominal infections) was good for this
group of study, which doesn’t limits the statistical power of
our analyses. Our study provides support for the view that
serial measurements of CRP and PCT on day 4 and 7 after
hepatobiliary pancreatic resection are useful for identifying
patients at risk for developing intra-abdominal Infections.
We suggest that, in patients with persisting high, or even
increasing, CRP and PCT values after POD 4, diagnostic
efforts should be considered to exclude any intra-abdominal
collection.

In our study, an infectious complication was encountered
after hepatobiliary surgery resection in one out of every
three patients, and two third of the infectious complications
were localized surgical site infections are most common
cause of infection. Intra-abdominal abscess , which are still
a potentially life-threatening condition unfortunately, the
diagnosis is often made on POD 7 or later, when many patients
present with signs of serious illness or even sepsis, which was
also true in the present study. Thus, a method for the early
identification of patients at risk for intra-abdominal infection
would be of clinical importance. Results of Present study are
much similar to the study conducted by P.Mathisessen et al, [11]
on the role of S.CRP in detecting anastomotic leaks and intra-
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Table 4: Showing the various surgical procedures undergone by
the patients
Procedure No. of patients Percentage (%)
Laparoscopic
cholecystectomy

4 9.5

Open cholecys-
tectomy

17 40.5

Open cholecys-
tectomy with
CBD exploration
and primary
closure of CBD

4 9.5

Open cholecys-
tectomy with
CBD explo-
ration and T-tube
insertion

9 21.4

Excision of
choledochal cyst
with hepatico
or choledocho
jejunostomy

3 7.1

Hepatico
jejunostomy
for benign biliary
stricture

2 4.7

Open cholecys-
tectomy with
excision of bile
duct and hepatico
jejunostomy for
type 3 mirizzi’s
syndrome

1 2.4

Whipple’s proce-
dure

2 4.7

abdominal collection.
Postoperatively, PCT levels in septic patients were increased,
however, on day 4 had PCT levels significantly higher than
the preoperative PCT. As septic events always occurred after
day 2 in our study, PCT was an early marker of postoperative
infections following major hepatobiliary surgery. The cut-
off of PCT levels to diagnose postoperative sepsis on day
4 (1.5ng/dl) showed good sensitivity (80%) and specificity
(100%). Whereas the study done by Mokart et al, [5] showed
the cut off value of S.PCT levels to diagnose post-operative
infection (1.1ng/dl) showed good sensitivity (81%) and
specificity (72%), more similar to our present study
A study by Simon et al, [12] where they did a meta-analysis
study to evaluate the accuracy of determination of PCT and

Table 5: Post-operative complications
Variables No. of patients Percentage (%)
Surgical site
infections

22 52.4

Intra-abdominal
collection/
abscess

2 4.7

Blood infec-
tions(fever with
leukocytosis &
culture positive)

5 11.9

Urinary tract
infection

2 4.7

Central line
infection

1 2.4

Table 6: S.CRP levels on post-operative day 4 and day 7 of
infected patients.
Variables Range

(mg/dl)
Mean +/-
SD

P-value

Pre op
S.CRP

0.1-3.9 1.44+/-
0.84

0.49

POD 4 CRP 68 – 171 120+/- 2.61 0.04
POD 7 CRP 1.3- 55 30.18+/-

4.1
0.043

Table 7: S.PCT levels on post-operative day 4 and day 7 of
infected patients.
Variables Range

(ng/dl)
Mean +/-
SD

P-value

Pre OP
S.PCT

0.02-1.8 0.62+/-
0.43

0.46

Post op day
4 S.PCT

0.5- 2.2 1.5+/- 1.1 0.02

Post op day
7 S.PCT

0.2- 1.5 1.3+/- 1.2 0.03

Table 8: Infective predictability of CRP
Variables S.CRP Sensitivity Specificity
POD 4 >/= 110

mg/dl
90% 92%

POD 4 >/= 80
mg/dl

60% 92%

POD 7 >/= 20
mg/dl

70% 92%

POD 7 >/= 10
mg/dl

87% 70%
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Table 9: Infective predictability of PCT
Variables S.PCT Sensitivity Specificity
POD 4 >/=1.5ng/dl 70% 100%
POD 4 >/= 1ng/dl 90% 92%
POD 7 >/=1.5ng/dl 90% 92%
POD 7 >/= 1ng/dl 70% 100%

CRP levels for the diagnosis of infection. The PCT levels was
more sensitive and specific than CRP level for differentiating
bacterial from non-infective cause of inflammation which
were comparable to our study in sensitivity but in sensitivity
our study shows almost 100% specificity during post-operative
day 4. In our study the sensitivity and specificity of S.CRP
on POD4 was 60% and 92% when cut off value set above
80mg/dl, whereas S.PCT sensitivity and specificity was above
90% which shows superiority of S.PCT monitoring.

In the study by Oberhofer et al, [13] S.CRP and S.PCT
concentration are increased in the early post-operative period
with a significant difference between patients with and
without complications. Here they mentioned about the high
predictability of infection by S.CRP and S.PCT on day 2 of
post-operative period when cut off value set as 99mg/dl and
1.34ng/dl respectively. It is almost comparable to our present
study according to POD 4 value of sensitivity and specificity.

Mallet et al, [14] conducted a study on 133 (48 women and
85 men) who underwent surgery, the overall rate of septic
complication was 39.1% (52 patients out of 133 patients).
Leaks were more frequent in patients with preoperative CRP
higher than 7 mg/I (28.1 % vs.11.6 %, P = 0.036), whereas
in our study post-operative infection were more frequent in
patients with preoperative jaundices with PCT higher than
1ng/dl (P value was 0.017).

CRP on POD 4 yielded and accuracy of 80.4% and 90% (In our
study) for the detection of postoperative septic complications.
In the multivariate analysis, CRP higher than 125 mg/l at POD
4was the only predictive factor which remained significant for
septic complications. A cut off 125mg/l in the CRP value at
POD 4 yielded a sensitivity of 81.8%, a specificity of 64.44%
and which were comparable to our study, when CRPwas equal
or higher than 110 mg/dl at POD 4 yielded a sensitivity of 90%
and specificity of 92%.

Our results suggest that PCT measurements may be useful
for early diagnosis of septic postoperative complications. PCT
level >1.5 ng/dl associated with infection on day 4 could
allow diagnosis of postoperative septic complications with a
high probability (specificity ~100%). This is in agreement
with Reith et al, [15] who studied the prognostic capacity
of elevated PCT levels in 70 patients undergoing elective
colorectal surgery and aortic surgery.

Though many studies reveals as post-operative day advances,
the predictability of inflammatory markers became low, but
in our study on day 7 of post-operative period the sensitivity
and specificity of markers like S.CRP and S.PCT was high
when keeping a cut off value and even specificity of S.PCT
reaching almost 100%. This shows the high predictability of
infection by S.PCT as an inflammatory marker. According
to these results measuring S.CRP or S.PCT on the POD
4 or 7 may contribute to a safe discharge from hospital
after hepatobiliary surgery. Patients with values above cut
off should undergo further evaluation to search for any post-
operative complications.

This study shows those who were clinically septic post oper-
atively have elevated levels of serum CRP and Procalcitonin
(PCT), whereas serum PCT is more specific and sensitive than
serum CRP. Early identification of patients with insidious sep-
tic illness allows early therapeutic intervention which may
favorably influence outcome. Future studies in larger groups
of patients should specifically address this issue.

Conclusion

A cross sectional study on the value of C-reactive protein
and Procalcitonin as an indicator predicting post-operative
infection following hepato biliary surgery was conducted in
42 patients during the span of 2 years. It was found that 30
patients have developed post-operative infective complication.
The values of serum CRP and PCT on these 30 patients on
4th and 7th POD were significantly high. The sensitivity and
specificity value of both the inflammatory markers were also
found to be statistically significant in predicting post-operative
infective complication following hepatobiliary surgery. It is
further found that serum PCT value is more sensitive and
specific than that of CRP while predicting such infection.

However, further study in larger series and longer follow up is
required so as to enable us to come to a final conclusive data
on this topic.
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