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Abstract
Background Timely intervention can alter outcome in patients of infected pancreatic necrosis (IPN) but lacks adequate 
biomarker. Role of serum procalcitonin (PCT) in the management of IPN is understudied, and hence, this study was planned.
Methodology All patients of acute pancreatitis with IPN without prior intervention were included. Baseline demographic, 
radiological and laboratory parameters were documented. PCT was measured at baseline, prior to intervention, and thereafter 
every 72 h. Patients were grouped into those having baseline PCT < 1.0 ng/mL and those with PCT ≥ 1.0 ng/mL and various 
outcome measures were compared.
Results Of the 242 patients screened, 103 cases (66 males; 64.1%) with IPN were grouped into 2: PCT < 1.0 ng/mL (n = 29) 
and PCT ≥ 1.0 ng/mL (n = 74). Patients with baseline PCT ≥ 1.0 ng/mL had significantly more severe disease scores. 16 
out of 19 patients with rise in PCT on day-7 post-intervention expired. PCT ≥ 1.0 ng/mL group had higher need for ICU 
(p = 0.001) and mortality (p = 0.044). PCT > 2.25 ng/mL (aOR 22.56; p = 0.013) at baseline and failure in reduction of PCT 
levels to < 60% of baseline at day-7 post-intervention (aOR 53.76; p = 0.001) were significant mortality predictors.
Conclusion Baseline PCT > 1.0 ng/mL is associated with poor outcome. PCT > 2.25 ng/mL and failure in reduction of PCT 
levels to < 60% of its baseline at day-7 post-intervention can identify high-mortality risk patients.
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Introduction

Acute pancreatitis (AP) is an acute inflammatory disease 
of the pancreas due to different etiologies [1]. Severe AP 
(SAP) occurs in around 20% of cases with a high mortality 
of 20 to 40% [2]. Local complications such as pancreatic and 
peripancreatic necrosis, particularly infected necrosis, add 
to adverse outcomes [3, 4].

The dynamics of AP changes with the period of ill-
ness. In the first week of illness, there is sterile inflam-
mation leading to systemic complications including organ 
failure (OF) termed as primary OF. This leads to early 
severe AP, and there is limited time frame or option to 
intervene and mainly entails supportive treatment. Later, 
however, infection of the necrotic pancreas may lead to 
sepsis and subsequently OF, termed as secondary OF [5]. 
This phase has a good window of opportunity and if timely 
intervened, can alter the final outcome. The chief strategy 
for infected pancreatic necrosis (IPN) and secondary OF 

is to control sepsis by antibiotics, percutaneous catheter 
drainage (PCD) of the infected collection and/or surgical 
debridement, using a ‘step-up’ approach.

Thus, for effective management of IPN, its early diagnosis 
and adequacy of response to the treatment is essential. Sev-
eral biomarkers have been assessed for the early prediction 
of severe AP, and IL-6 has been found to have performed 
the best [6]. However, optimum biomarkers for prediction 
of IPN remain understudied. Additionally, a recent analysis 
has suggested that there is > 50% overuse of antibiotics in 
AP worldwide [7], and this is more than 80% in Asian coun-
tries. Serum levels of procalcitonin (PCT) have been found 
to be correlating with the presence of bacterial infection and 
sepsis [8]. Interestingly, PCT levels decrease after successful 
treatment [9]. Thus, not only it can act as a marker for infec-
tion, but also helps assessing the efficacy of the treatment 
and guide management decisions. This dynamics of PCT 
levels during the course of the management of IPN has not 
been studied earlier.
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Hence, this study was planned to study the predictive 
capacity of elevated PCT levels and its dynamics during the 
course of IPN management on the overall outcome.

Materials and Methods

Patients

This is a prospective study conducted between January 2019 
to June 2020 wherein all consecutive patients, with age more 
than 18 years, presenting to a tertiary care centre in North 
India with the diagnosis of AP were screened. Patients with 
a period of illness beyond 7 days having features suggestive 
of IPN were included in the study. Patients with a suspi-
cion of IPN were initially subjected to routine sepsis screen 
investigations including chest X-ray and/or HRCT chest, 
urine culture, blood culture and tropical infections such as 
dengue/malaria etc. as part of the institute protocol. Once 
these investigations did not suggest any extra-pancreatic 
source of infection, they were included in the IPN cohort. 
Patients with prior PCD at the time of admission, patients 
who had undergone any prior endoscopic/radiological/surgi-
cal intervention for AP, pregnant females and known chronic 
pancreatitis were excluded from the study. The study was 
approved by the institute ethics committee (IEC no.: INT/
IEC/2018/001869; Dated 21.11.2018). Written informed 
consent was taken from all patients.

Definitions Used

 (i) Organ failure: OF was defined using the modified 
Marshall Scoring system [2].

 (ii) IPN: IPN was defined when (a) patients with necro-
tising pancreatitis developed fever > 38 °C after the 
first week of illness with leucocytosis/rising CRP, 
deteriorating clinical condition and/or new onset or 
worsening OF, without any other focus of infection 
and culture negativity; (b) culture positivity of blood/
tissue without extra-pancreatic source of infection; 
(c) and/or presence of air in acute necrotic collection 
on CT imaging [10].

Severity Assessment

Severity assessment was done as per the revised Atlanta 
Classification [2] into mild, moderately severe and severe. 
Severity parameters such as Acute Physiology and Chronic 
Health evaluation (APACHE)-II [11], Systemic Inflamma-
tory Response Syndrome (SIRS) and Bedside index for 
severity in AP (BISAP) [12] were calculated. CT severity 
index (CTSI) was calculated for patients undergoing CT. 
Necrosis was defined using the CTSI score [13].

Parameters Monitored

All the baseline parameters, both clinical and objective were 
recorded and blood samples were collected for total leuko-
cyte count, cultures (bacterial and fungal), C-reactive protein 
and PCT at baseline (pre-intervention). A CECT abdomen 
was done for the enrolled patients at day 5–7 of illness for 
number and location of necrotic collections, extent of pan-
creatic necrosis, CTSI and the presence of gas in the collec-
tions. Intra-abdominal pressure (IAP) was expressed as mm 
of Hg or cm of water (1 mm of Hg = 1.36 cm of  H2O). As 
per the consensus document, intra-abdominal hypertension 
(IAH) was defined by a persistent or repeated elevation of 
IAP over 12 mmHg [14].

PCT Measurement

PCT was measured at baseline when the diagnosis of IPN 
was made, before the initiation of antibiotics and/or PCD. 
After the initiation of intervention, antibiotics and/or PCD 
placement, patients were followed up for clinical improve-
ment and serial PCT levels were measured every 72 h.

Management

Patients were managed as per the standard recommendations 
[15], including adequate fluid resuscitation, organ system 
support, pain management and nutritional support (enteral 
or parenteral) [16, 17].

Intervention

For management of IPN, the patients were managed as per 
the step-up approach [18]. Extra-pancreatic infections and 
infected pancreatic necrosis (IPN) were initially managed 
with antibiotics. In case of the absence of any definite cul-
ture positivity, the patients were started on antibiotics as 
per the prevailing bacterial growth and sensitivity pattern 
of the hospital. After the initiation of antibiotics, patients 
were followed up for clinical and biochemical parameter 
improvement. PCT levels at baseline or otherwise were not 
considered for management decisions as that were not part 
of the institute protocol during the study. In cases of non-
improvement within 72–96 h, the fluid collections were 
drained (USG/CT guided). A dedicated unit comprising 
gastroenterologists and an interventional radiologist decided 
upon the site and route of drainage based upon the location, 
type and extent of collection. We have already established, 
in our previous study that the outcomes of endoscopic drain-
age under endosonographic guidance differ from that of 
PCD [19]. Thus, we have included only patients who were 
drained using only PCD to have a homogenous outcome 
cohort. The need for additional PCDs and or upgradation of 
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the existing ones as well as change of antibiotics were opti-
mised through multi-disciplinary team discussion. Patients 
not showing improvement were subsequently taken up for 
surgical necrosectomy.

Outcome Measures

Outcome measures evaluated included the duration of hos-
pital stay, requirement of organ support (mechanical venti-
lation and dialysis), need for PCD, surgical necrosectomy, 
intensive care (ICU) admission and in-hospital mortality.

Data Analysis

PCT-based algorithms for management of critical illness 
use a cut-off of > 1.0 ng/mL [9] and use of antibiotics is 
“strongly recommended” for PCT > 1.0 ng/mL. Hence, the 
patients were grouped as per the PCT levels at initial inclu-
sion in the study into those with PCT < 1.0 ng/mL and those 
with PCT ≥ 1.0 ng/mL. Severity parameters were compared 
between the two groups. The parameters studied were SIRS, 
BISAP and APACHE II scores and the severity of AP as 
per revised Atlanta classification. Serial values of PCT were 
measured prior to intervention and sequentially thereafter as 
described earlier. The values were compared to evaluate the 
trends in their levels and its impact on the outcome. In our 
previously published data, 82.4% of IPN had PCT > 1.0 ng/

mL [20]. Thus, assuming that 80% of the IPN would have 
PCT > 1.0 ng/mL, we derived that a sample size of 97 would 
be required with 10% precision relative to the expected 
proportion.

Statistical Analysis

All data were entered in Microsoft Excel 2010. The data 
were analysed using SPSS software (version 22.0, IBM, 
USA). The data were checked for normal distribution by 
Kolmogorov–Smirnov test. For normally distributed data, 
Student's t test was used for continuous variables while for 
skewed data, non-parametric tests were used. Dichotomous 
variables were compared using Chi square test.

Logistic regression analysis was performed to identify the 
characteristics that significantly determined mortality among 
the selected pool of patients. A Kaplan–Meir Survival curve 
analysis was carried out for patients with/without decline in 
PCT levels post-intervention. The p value of less than 0.05 
was taken as statistically significant.

Results

During the study period, 276 patients of AP were admit-
ted of whom 242 had ANP. Of these 242 patients, 103 had 
IPN, beyond 7 days of illness and formed the study group 

Fig. 1  Study flowchart
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(Fig. 1). The commonest aetiology of AP was alcohol (55; 
53.4%) followed by gallstone disease (27; 26.2%). Of the 
total cohort, 8 patients (7.77%) were treated with antibiot-
ics alone, while the remaining (95; 92.2%) underwent PCD 
placement within 72–96 h of starting of antibiotics. The 
median time between the date of pain and PCD placement 
was 19.0 (IQR 13.0) days.

The IPN cohort was divided into those with PCT < 1.0 ng/
mL (n = 29) and those with PCT ≥ 1.0 ng/mL (n = 74). The 
baseline characteristics were similar between the two groups 
(Table 1). The pre-PCD collection size and the change in 
the volume of the collection were similar between the two 
groups.

Comparison of Severity Between Those With/
Without Raised PCT Levels

Patients with baseline PCT ≥ 1.0 ng/mL had significantly 
more severe disease scores compared to those without 
(Table 1). SIRS (p = 0.021), BISAP (p = 0.002), APACHE II 
(p < 0.0001) and modified Marshall score (p < 0.0001) were 
significantly higher in the raised PCT group. PCT ≥ 1.0 ng/
mL group had more severe disease (89.% vs 44.8%; 
p < 0.0001) as per the revised Atlanta classification.

PCT ≥ 1.0 ng/mL group had more multiple OF (51.5% 
vs 15.4%; p = 0.03) with greater proportion of patients with 
shock (28.4% vs 6.9%; p = 0.019). IAH was also seen in 
higher proportion of patients in the raised PCT group (62.2% 
vs 20.7%; p < 0.0001).

Evidently, PCT ≥ 1.0 ng/mL group had more patients 
with bacterial blood culture positivity (24.7% vs 13.6%; 
p = 0.216) although it did not reach statistical significance.

Comparison of Outcome Measures Between 
Those With/Without Raised PCT Levels in Terms 
of Intervention

PCT ≥ 1.0 ng/mL group had significantly higher require-
ments for PCD (98.6% vs 75.9%; p = 0.001) (Table  2) 
placement. Patients with PCT ≥ 1.0 ng/mL had significantly 
greater need for ICU admission (56.8% vs 20.7%; p = 0.001), 
ventilator support (43.2% vs 10.3%; p = 0.001) and pro-
longed hospital stay (24.9 ± 16.4 days vs 18.12 ± 13.6 days; 
p = 0.05). Mortality was higher in the PCT ≥ 1.0 ng/mL 
group (24.3% vs 6.9%; p = 0.044).

Raised PCT Compared to Other Severity Score 
for Prediction of Mortality

An ROC curve analysis (Fig.  2) showed that PCT 
level > 2.25 ng/mL had a greater prediction capacity for 

mortality compared to APACHE II at admission with a 
larger AUC (0.738 vs 0.654).

Table 1  Baseline characteristics, severity of disease and laboratory 
parameters of patients with/without high procalcitonin levels

GSD Gallstone disease; TLC total leucocyte count; CRP C-reactive 
protein; SIRS Systemic inflammatory response syndrome; BISAP 
Bedside index of severity of acute pancreatitis; APACHE Acute phys-
iology and chronic Health Evaluation Score; IQR Interquartile range; 
OF Organ failure; ALI Acute lung injury; AKI Acute Kidney injury; 
IAH Intra-abdominal hypertension
# Represented as mean ± standard deviation
$ Measured at 72 h. Post-PCD

Procalci-
tonin < 1 ng/mL 
(n = 29)

Procalci-
tonin ≥ 1 ng/mL 
(n = 74)

p value

Age# 37.21 ± 15.8 42.85 ± 12.2 0.06
Sex
 Male 18 (62.1%) 48 (64.9%)
 Female 11 (37.9%) 26 (35.1%)

Aetiology
 Alcohol 12 (41.4%) 43 (58.1%) 0.29
 GSD 9 (31.0%) 18 (24.3%)
 Others 8 (27.6%) 13 (17.6%)

BMI# 22.95 ± 3.9 23.84 ± 4.9 0.38
Co-Morbidities 15 (51.7%) 45 (60.8%) 0.400
Diabetes 7 (24.1%) 30 (40.5%) 0.119
TLC (*104)# 1.7 ± 0.6 2.1 ± 0.8 0.031
CRP at  baseline# 251.11 ± 168.6 490.52 ± 281.2  < 0.0001
SIRS# 3.52 ± 0.7 3.86 ± 0.4 0.021
BISAP# 2.00 ± 0.53 2.45 ± 0.84 0.002
APACHE  II# 12.41 ± 4.9 18.19 ± 5.1  < 0.0001
Modified Marshall 

 Score#
1.14 ± 1.1 2.85 ± 1.5  < 0.001

Atlanta Severe 
disease

13 (44.8%) 66 (89.2%)  < 0.0001

Pre-PCD collection 
size (cc) (median; 
IQR)

317.5 (819.4) 411.6 (615.5) 0.74

Change in volume 
of collection (cc) 
(median; IQR)$

364.0 (908.3) 396.0 (580.4) 0.87

Organ failure 13 (44.8%) 66 (89.2%)  < 0.0001
No. of OF
 Single 11 (84.6%) 32 (48.5%) 0.030
 Multiple 2 (15.4%) 34 (51.5%)

ALI 12 (41.4%) 62 (83.8%)  < 0.001
AKI 1 (3.4%) 30 (40.5%)  < 0.0001
Shock 2 (6.9%) 21 (28.4%) 0.019
IAH 6 (20.7%) 46 (62.2%)  < 0.0001
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Predictors of Mortality in Suspected/Proven IPN

Multiple factors were assessed on univariate analysis and 
significant factors (p < 0.20) were then analysed in a mul-
tivariate model for prediction of mortality. On multivari-
able logistic regression analysis (Online resource Table 1), 
PCT > 2.25 ng/mL (aOR 22.56; p = 0.013) and failure in 
reduction of PCT levels to < 60% of its baseline even after 
7 days of intervention (aOR 53.76; p = 0.001) emerged as 
significant predictors of mortality, even after adjusting for 
age, comorbidities, APACHE II at admission, Marshall score 
at admission and the presence of organ failure at onset.

Figure 3 shows the survival curve analysis for patients 
having decline in PCT levels to > 60% of baseline value after 
7 days post-intervention compared to those who did not.

Dynamics of PCT Levels

Serial PCT measurements for those cases not requiring PCD 
placement (n = 8) showed a steady decline in the values. 
Serial PCT measurements for those undergoing PCD place-
ment showed that 88 patients (85.4%) had a fall in the PCT 
values on day 3 of post-PCD, while 15 (14.6%) showed a 
rise in PCT values. Day-7 post-PCD values showed that 19 
(18.4%) patients had a rise in the PCT levels, compared to 
baseline. Out of these, 16 patients expired and a significant 
difference in the serial PCT pattern was noted between those 
who survived and those who did not (p < 0.0001) (Fig. 4).

Discussion

This prospective study evaluated the prediction capacity 
of raised PCT levels on the outcome of AP patients with 
IPN. We found that raised PCT levels at baseline were 
associated with higher disease severity scores and higher 
number of OF. IAH was noted in a greater proportion of 
patients having PCT ≥ 1.0 ng/mL. IPN cases with higher 
PCT values had greater requirement of ICU admission and 
ventilator support and higher mortality compared to those 
without.

The two main determinants governing outcome in AP 
are OF and IPN [21]. OF can be early due to inflamma-
tory burst, or late due to infective complications. Treatment 
options for early OF seen in early severe AP are limited 
and carries a high mortality [22]. On the other hand, the 
late OF due to sepsis and IPN can be managed effectively 
if intervened timely. While multiple early biomarkers for 
predicting the severity of AP have been extensively studied 
[6], limited data exist on the prediction of infective compli-
cations. Some studies have looked into various predictive 
markers of pancreatic necrosis such as CRP, PCT and lactate 
dehydrogenase [23], but with mixed results. Early values of 
PCT have been able to predict the risk of future development 
of IPN in some studies [24–26], while others differed [27]. 
However, the role of PCT as a marker of bacterial infection 
is well established.

PCT is a precursor of calcitonin and released from hepat-
ocytes, thyroid and peripheral monocytes [8, 28]. It acts as a 
surrogate marker of bacterial infection and sepsis [8, 26] and 
is released when induced by the bacterial endotoxin [29]. 
In fact, it has better sensitivity and specificity than CRP 
for differentiating bacterial from inflammatory conditions. 
Hence, PCT has been used in various critical care settings 
as a tool for guiding therapy [30]. In fact, recent recommen-
dations suggest use of PCT rather than leucocytes or CRP 
[7] for antibiotic use in AP. However, the cut-off for PCT 
as marker of sepsis in IPN is not adequately defined. While 
Mofidi et al. [25] have reported a meta-analysis with a cut-
off of > 0.5 ng/mL, PCT-based algorithms for management 
of critical illness use a cut-off of > 1.0 ng/mL [9, 31, 32]. In 
fact, the decision for antibiotic use is “encouraged” for val-
ues > 0.5 ng/mL but “strongly recommended’ for > 1.0 ng/
mL. Since the current study describes IPN cases only, we 
have divided the cohort using a cut-off of 1.0 ng/mL to com-
pare those expected to require more aggressive treatment, 
based on PCT values.

While PCT is a predominant sepsis marker, multiple 
studies have evaluated its utility for AP severity prediction. 
While some studies found it useful [26, 33], others found it 
to be of limited use [34]. Our study entailed only moderately 
severe and severe AP cases. We found that PCT > 1.0 ng/mL 

Table 2  Outcome measures in patients with/without high procalci-
tonin levels

PCD percutaneous catheter drainage; ICU Intensive care unit; IQR 
Interquartile range
# Represented as mean ± standard deviation

Procalci-
tonin < 1 ng/mL 
(n = 29)

Procalci-
tonin ≥ 1 ng/mL 
(n = 74)

p value

Need for PCD 22 (75.9%) 73 (98.6%) 0.001
First PCD from date of 

pain (days) (median; 
IQR)

19.5 (11.8) 19.0 (13.5) 0.82

Need for dialysis 0 (0%) 5 (6.8%) 0.32
ICU need 6 (20.7%) 42 (56.8%) 0.001
Ventilator need 3 (10.3%) 32 (43.2%) 0.001
Hospital  stay# 18.12 ± 13.6 24.90 ± 16.4 0.05
ICU  stay# 12.67 ± 7.1 14.31 ± 9.8 0.69
Surgery 1 (3.4%) 8 (10.8%) 0.44
Mortality 2 (6.9%) 18 (24.3%) 0.044
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Fig. 2  ROC curve analysis for 
prediction of mortality in IPN 
between PCT and APACHE II

Fig. 3  Survival curve analy-
sis between patients who had 
decline of < 60% in PCT levels 
of baseline at Day 7 of interven-
tion versus those who did not
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was associated with greater severity scores and more num-
ber of OF. Severe AP will have a tendency to develop more 
necrosis and in turn higher risk of infective complications. 
Thus, this above finding could as well be an epiphenomenon. 
Interestingly, we found that PCT > 1.0 ng/mL was associated 
with greater proportion of IAH. We have already established 
previously that IAH is associated with raised inflammatory 
markers [35]. Thus, this association with PCT could be part 
of this inflammatory phenomenon. Similar findings of raised 
PCT with raised intra-abdominal pressure were noted by 
Bezmarevic et al. [34]

As already discussed, IPN, in itself, is harbinger of 
poor outcome. Our study showed that pre-intervention 
PCT > 1.0 ng/mL in patient with IPN was associated with 
still poorer outcome. This group of patients had greater 
requirement of PCD placement, ICU admission and ven-
tilator support. Mortality was 24% in the group with 
PCT > 1.0 ng/mL compared to just 7% in the lower PCT 
group. Mortality prediction by PCT has been demonstrated 
in other infectious conditions [36], but its role in specific 
sub-cohort of IPN has not been studied earlier. IPN is a dif-
ficult-to-treat cohort and early predictive marker is essential 
to optimise therapy.

Our study showed that in cases of IPN, if there is ongo-
ing rise in the PCT levels, in spite of intervention, on day 
3 or day 7, then the risk of mortality increases manifold. 
In fact, 16/19 patients (84.2%) expired when PCT level 

failed to show decline even after 7 days of PCD placement. 
Additionally, it was noted that PCT > 2.25 ng/mL was a 
strong predictor of mortality with a 23 times higher risk of 
death. APACHE II at admission is one of the established 
robust scoring systems for severity and prognosis of AP. 
However, AP is a dynamic disease, and thus, scores cal-
culated in the first week might not reflect the true picture 
of the prognosis in the ensuing weeks. We found that, for 
IPN, PCT > 2.25 ng/mL was a better predictor of mortality 
compared to APACHE II and could be used as a marker for 
requirement of early intervention to possibly modify disease 
course.

Once we diagnose a condition, objective assessment of 
the initiated treatment’s efficacy is key to further decide and 
prognosticate. Hence, dynamic measurement of markers is 
more helpful in gauging the clinical course than a single-
point assessment. It has been established that decline in 
the inflammatory markers after placement of PCD in fluid 
collections [37] or ascites [38] in AP leads to favourable 
outcomes. PCT is a surrogate marker of the endotoxin load, 
and thus, decline in PCT should corroborate with resolution 
of sepsis [9]. This, however, has not been studied earlier for 
AP or IPN. We objectively established that failure in reduc-
tion of the PCT levels to < 60% of the baseline value even 
after 7 days of intervention was a predictor of mortality. 
Thus, this sub-cohort of patients should be more aggres-
sively treated and optimally prognosticated. This finding 

Fig. 4  Serial PCT measure-
ments among patients who 
underwent percutaneous cath-
eter drainage between survivors 
and deceased
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underlines the significance of serial measurement of PCT 
for IPN management.

This is the first study of its kind to specifically analyse the 
role of PCT in the management of IPN. The strengths of the 
study are (i) inclusion of homogenous cohort of IPN cases; 
(ii) measurement of PCT prior to intervention rather than 
first week; and (iii) serial measurement of PCT to associate 
with the disease dynamics. There are some limitations of the 
study as well. This is a single tertiary care centre study with 
a modest sample size. The arm of study with PCT < 1.0 ng/
mL has lower number of patients compared to the other, 
and this might skew the results to some extent. Thus, the 
risk analysis calculated should be interpreted cautiously as 
larger number of patients would be needed to validate these 
data. Ours is a specialised referral centre and consequently, 
we have a very high rate of ANP and eventually IPN as com-
pared to other centres and follow a stringent PCD protocol. 
Thus, the results may lack generalisability. Correlation with 
other biomarkers would possibly give better perspective of 
the IPN dynamics. Large prospective multi-centre studies 
would be needed to validate the findings of the current study.

Conclusion

Serum PCT is an effective marker to prognosticate the out-
come in patients with IPN. Baseline PCT > 1.0 ng/mL is 
associated with poor outcome. PCT > 2.25 ng/mL and failure 
in reduction of PCT levels to < 60% of its baseline even after 
7 days of intervention can identify patients who have high 
mortality, and who, thus, may benefit from a more aggres-
sive intervention.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10620- 022- 07758-4.
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