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✓ among several markers of inflammation 
and sepsis, procalcitonin (PCT) and   C-
reactive protein (CRP) markers are 
being studied to investigate their 
accuracy for diagnosis of bacterial  
infections  

✓ CRP is  synthesized  by  liver,  mainly  
in  response  to  IL-6,  which is  
produced  not only during infection but 
also in many types of inflammation and 
binds to polysaccharides in pathogens, 
activating the classical complement 
pathway. CRP is an acute-phase  
reactant,  and  CRP  level  
measurements  are  frequently used to 
aid in the diagnosis of bacterial 
infections. 

Background: CRP and PTC

Whicher J, et al. Procalcitonin as an acute phase marker. Ann Clin Biochem 2001; 38:483–93.

Nijsten MW, et al. Procalcitonin behaves as a fast responding acute phase protein in vivo and in vitro. Crit Care Med 2000; 28:458–

61.

Oberhoffer M, et al. Procalcitonin expression in human peripheral blood mononuclear cells and its modulation by 

lipopolysaccharides and sepsis-related cytokines in vitro. J Lab Clin Med 1999 ; 134:49–55.

Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection and prevention. Circulation 2003; 

107:363–9
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✓ PCT  is calcitonin prehormone, 
which  is  normally secreted by 
thyroid C  cells in response  to  
hypercalcemia; under these 
normal conditions, negligible serum 
PCT concentrations are detected. 
The mechanism proposed for PCT  
production  after  inflammation  
and  its  role  are  still  not 
completely known. It is believed 
that PCT is produced by liver and 
peripheral blood mononuclear 
cells, modulated by 
lipopolysaccharides and sepsis-
related cytokines. 

✓ reported diagnostic accuracy of 
PCT and CRP for the diagnosis of 
bacterial infections has varied 
across studies.

Background: CRP and PTC

Whicher J, et al. Procalcitonin as an acute phase marker. Ann Clin Biochem 2001; 38:483–93.

Nijsten MW, et al. Procalcitonin behaves as a fast responding acute phase protein in vivo and in vitro. Crit Care Med 2000; 

28:458–61.

Oberhoffer M, et al. Procalcitonin expression in human peripheral blood mononuclear cells and its modulation by 

lipopolysaccharides and sepsis-related cytokines in vitro. J Lab Clin Med 1999 ; 134:49–55.

Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection and prevention. Circulation 2003; 

107:363–9
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diagnostic accuracy of PCT is higher than that of CRP among pts 
hospitalized for suspected bacterial infections

Background: CRP and PTC
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• In the diagnosis and prognosis of sepsis in critically ill pts, 
PCT is an improvement on CRP and other traditional markers, 
but, based on current evidence, it lacks the necessary 
accuracy to be used without clinical judgement, which should 
retain a pivotal role in clinical decision-making. 

• This is particularly important in pts who present early in the 
course of illness or have focal rather than systemic infection 
and in surgical pts in whom various cut-off points have been 
identified for different diagnoses. 

• PCT may be better employed to rule out rather than rule in 
systemic sepsis in the critical care environment, particularly 
if repeated measures are used.

• There is stronger evidence for its use as a tool to reduce 
antibiotic course length and it is perhaps in this role that it 
will prove most useful. However, the cost-effectiveness of 
PCT as an antibiotic stewardship tool is likely to depend on 
baseline antibiotic course length and its, as yet unknown, 
impact on antibiotic resistance. Critical care units intending 
to use PCT should consider these issues pre-implementation. 

Background: CRP and PTC
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The “TEMPLE”
The sacred rules 

of sepsis tx

What about ACS&T: 
INTRAABDOMINAL SEPSIS TREATMENT
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CRP in intraabdominal infections: diagnosis

Acute appendicitis +/-
Acute diverticulitis +/-

CRP dosing can guide the clinician in the diagnosis of intra-abdominal infections.
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CRP in intraabdominal infections: diagnosis

Acute appendicitis

CRP dosing can guide the clinician in the diagnosis of intra-abdominal infections.

Complicated

2019
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PCT in intraabdominal infections: diagnosis

PCT dosing can guide the clinician in the diagnosis of intra-abdominal infections.

Acute appendicitis

Complicated+++
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PCT in intraabdominal infections: diagnosis

PCT dosing can guide the clinician in the diagnosis of intra-abdominal infections.

Acute 
appendicitis in 
children

Diagnosis+ 
Complicated+++
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PTC in cholecystitis: diagnosis of severity

Acute 
cholecystitis 
severity +++

PTC dosing can guide the clinician in the diagnosis of cholecystitis severity
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PTC in cholecystitis: diagnosis of severity

Acute cholecystitis 
severity: difficult 
laparoscopic 
cholecystectomy and 
major complications

PTC dosing can guide the clinician in the diagnosis of cholecystitis severity
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PTC in cholecystitis: diagnosis of severity

SPRIMACC-P(lus) - CholepossumPro: PTC 
integrated in a score to predict mortality after 
LPC in pts with ACC (high risk patients to avoid 
LPC?)



Paola Fugazzola & Luca Ansaloni
Fondazione IRCCS Policlinico San Matteo, Pavia

CHOLE-POSSUM PRO
Protocol for a 
prospective 
multicenter 

observational 
study 



How can we select high-risk 
patients?

Charlson 

Comorbidity 

Index

APACHE 

II

Age

Chole-

risk

POSSUM

m-Frailty 

IndexACC-

grade

ASA

“We cannot suggest the use of 

any prognostic model in 

patients with ACC”

WSES 2020



SPRIMACC is a prospective multicenter observational 

study on patients with ACC candidate to EC. The 

rationale of the study is to validate and compare existing 

risk prediction models for complicated port-operative 

course in this population. The calculated sample size is 

663 patients.  

Validation and comparison of Scores for 

Prediction of RIsk for post-operative major 

Morbidity after cholecystectomy in Acute 

Calculous Cholecystitis

S.P.Ri.M.A.C.C.

9th International Congress of the World Society of Emergency Surgery - WSES 2022 | 27-30 October – PERTH, Western Australia
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19 Countries 77 Centers 1253 Patients

1 September 2021-1 October 2022

9th International Congress of the World Society of Emergency Surgery - WSES 2022 | 27-30 October – PERTH, Western Australia
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ASA 0,946 <0,001

POSSUM PHYSIO 0,944 <0,001

APACHE II 0,942 0,023

CHARLSON C.I. 0,940 0,027

M-FRAILTY 0,870 <0,001

CHOLE-RISK 0,815 0,001

ACC GRADE (TG) 0,772 0,005



3
0
D

A
Y

S
 

M
O

R
T
A

L
IT

Y

TEST AUC P

POSSUM PHYSIO 0,941 <0,001

ASA 0,934 <0,001

CHARLSON C.I. 0,922 <0,001

APACHE II 0,900 <0,001

CHOLE-RISK 0,811 0,001

M-FRAILTY 0,808 0,001

ACC GRADE (TG) 0,762 0,004



INHOSPITAL MORTALITY 

(AUC = 0,944)
30 DAYS MORTALITY 

(AUC= 0,941)

BEST CUT-OFF FOR 

CHOLECYSTECTOMY 

FOR ACC FOR ALL 

OUTCOMES: 

25 
(<25 vs 25)
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POST-HOC  ANALYSIS: PCT

612 pts

AUC FOR 30-DAYS MORTALITY: 0.926  

(95% CI 0.874-0.978)

BEST CUT-OFF: 4 ng/mL



Variable Score

a) POSSUM-PS  25 2

b) PCT  4ng/mL 1

a + b = CHOLE-POSSUM PRO

MULTIVARIATE REGRESSION MODEL

POST-HOC  ANALYSIS: PCT



CHOLE-POSSUM PRO

Area Under the ROC Curve

Test Result 

Variable(s) Area

Std. 

Errora

Asymptotic 

Sig.b

Asymptotic 95% 

Confidence Interval

Lower 

Bound

Upper 

Bound

CHOLEPOSSUM 

PRO

,953 ,014 ,000 ,924 ,981

POSSUM PS ,924 ,026 ,000 ,874 ,974

PCT ,926 ,027 ,000 ,874 ,978

CUT-OFF 2 → sens 100%, spec 76%

CUT-OFF 3 → spec 93%, sens 91% 



CHOLE-POSSUM PRO

9th International Congress of the World Society of Emergency Surgery - WSES 2022 | 27-30 October – PERTH, Western Australia

CHOLE-POSSUM PRO validation for 

prediction of mortality after 

cholecystectomy for acute calculous 

cholecystitis: protocol for a 

prospective multicenter observational 

study



Objective

Primary end-point measure

The primary endpoint is the AUC-ROC for 30-

days mortality computed in the validating cohort. 

The secondary end points is the AUC-ROC for 

30-days major complications (Clavien-Dindo 3) 

rate computed in the validating cohort..  

The tertiary endpoints are intraoperative 

complication rate, conversion rate, duration of 

surgery (minutes), LOS (days), 30-days 

readmission rate.

Objective

➢The primary objective of the study is to prospectively

validate the CHOLE-POSSUM PRO score for 30-day

mortality after EC in patients with ACC.

➢The secondary endpoint is to validate the CHOLE-

POSSUM PRO score for 30-days major

complications (Clavien-Dindo >=3).

➢The tertiary endpoint is to evaluate the correlation of

PCT and CHOLE-POSSUM PRO with intraoperative

complications, duration of surgery, conversion rate,

length of stay (LOS), 30-day readmission.

SAMPLE SIZE: 2000-2500 pts



Inclusion criteria

01

02

03

04

As defined by Tokyo Guidelines 2018 criteria

Have a diagnosis of Acute Calculous Cholecystitis 

Be candidate to Early Cholecystectomy 

during the index admission

Be ≥ 18 years old 

according to the Israeli Score (30), and, in case of 

confirmation of CBDS receive pre-operative ERCP.

Be stratified for the risk of CBDS



Exclusion criteria

01 Pregnancy or lactation

02 Acute cholecystitis not related to a 

gallstone etiology

04 Concomitant cholangitis or pancreatitis

03 Onset of symptoms >10 days before 

cholecystectomy
Patients with ACC associated with common bile duct stones who underwent 

pre-operative ERCP could be included if they receive EC within 10 days 

from onset of symptoms.

05 Intraoperative treatment of common bile duct 

stones



THANK YOU

JOIN US!!!

paola.fugazzola@gmail.com

l.ansaloni@smatteo.pv.it

luca.ansaloni@unipv.it

aiace63@gmail.com
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PTC in diverticulitis: diagnosis of complicated diverticulitis

Acute diverticulitis

PTC dosing can guide the clinician in the diagnosis of complicated diverticulitis (and 
guiding antibiotic treatment)

Procalcitonin was able to
differentiate with a high
sensitivity and specificity
between complicated and
uncomplicated cases of
diverticulitis when combined
with abdominal CT scans. As
most clinicians still treat
uncomplicated diverticulitis
with antibiotics, procalcitonin
could be an interesting
parameter for guiding therapy
and decreasing antibiotic usage.
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients

2013
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients

PCT and duration of antimicrobial therapy
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients

2015
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients

2018
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients

• PCT-guided antibiotic
treatment in ICU pts with
infection results in improved
survival and shorter antibiotic
treatment duration.

• Effects were similar in sepsis
pts and among subgroups based
on sepsis severity, sepsis
treatment modalities, and type
of infection.
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Role of PTC in guiding antibiotic therapy in critically «surgical» pts

PTC has a role in guiding antibiotic therapy in critically «surgical» patients

2019 findings of increased survival and 
decreased antibiotic utilization 
associated with PCT-guided 
antibiotic discontinuation, 
although with low-certainty 
evidence and high risk of bias…
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Role of PTC in guiding antibiotic therapy in pts undergoing surgery for secondary peritonitis

PTC has a role in guiding antibiotic 
therapy in pts undergoing surgery for 
secondary peritonitis

2015
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Role of PTC in guiding antibiotic therapy in pts undergoing surgery for secondary peritonitis

PTC has a role in guiding antibiotic 
therapy in pts undergoing surgery for 
secondary peritonitis
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Role of PTC in guiding antibiotic therapy in pts undergoing surgery for secondary peritonitis

PTC has a role in guiding antibiotic 
therapy in pts undergoing surgery for 
secondary peritonitis

2015

PURPOSE:
Because procalcitonin (PCT) might be surrogate for antimicrobial discontinuation in general intensive care units (ICUs), this
study explored its use for secondary peritonitis in 4 surgical ICUs (SICUs).
METHODS:
A retrospective study including all consecutive patients with secondary peritonitis, controlled infection source, requiring
surgery, and at least 48-hour SICU admission was performed (June 2012-June 2013). Patients were divided following
notations in medical records into PCT-guided (notation of PCT-based antibiotic discontinuation) and non-PCT-guided (no
notation) groups.
RESULTS:
A total of 121 patients (52 PCT-guided, 69 non-PCT-guided) were included. No differences in clinical scores, biomarkers, or
septic shock (30 [57.7%] PCT-guided vs 40 [58.0%] non-PCT-guided) were found. Length of intra-SICU (median, 5.0 days; both
groups) or in-hospital (median, 20.0 vs 17.5 days) stay, and mortality intra-SICU (9.6% vs 13.0%), 28-day (15.4% vs 20.3%), or
in-hospital (19.2% vs 29.0%) were not significantly different (PCT-guided vs non-PCT-guided). In septic shock patients, no
mortality differences were found (PCT-guided vs non-PCT-guided): 16.7% vs 22.5% (intra-SICU), 26.7% vs 32.5% (28-day), and
33.3% vs 42.5% (in-hospital). Treatment was shorter in the PCT-guided group (5.1 ±2.1 vs 10.2 ± 3.7 days, P < .001), without
differences between patients with and without septic shock.
CONCLUSION:
Procalcitonin guidance produced 50% reduction in antibiotic duration (P < .001, log-rank test).
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Role of PTC in guiding antibiotic therapy in pts undergoing surgery for secondary peritonitis

PTC has a role in guiding antibiotic 
therapy in pts undergoing surgery for 
secondary peritonitis

2017
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Role of PTC in guiding antibiotic therapy in pts undergoing surgery for secondary peritonitis

PTC has a role in guiding antibiotic 
therapy in pts undergoing surgery for 
secondary peritonitis

2015
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Role of PTC in guiding antibiotic therapy in pts undergoing surgery for secondary peritonitis

PTC has a role in guiding 
antibiotic therapy in pts 
undergoing surgery for 
secondary peritonitis

2023
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Role of PTC in identifying patients at risk of complications after major abdominal surgery

PTC has a role in identifying pts at risk of complications after major abdominal 
surgery 2018



47
Luca AnsaloniSondrio, 15.11.2023

Role of PTC in identifying patients at risk of complications after major abdominal surgery

PTC has a role in identifying pts at risk of complications after major abdominal 
surgery

2018
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Role of PTC in identifying patients at risk of complications after major abdominal surgery

PTC has a role in identifying pts at risk of complications after major abdominal 
surgery

2017
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Role of PTC in identifying patients at risk of complications after major abdominal surgery

2022

PTC has a role in identifying pts at risk of 
complications after major abdominal surgery



50
Luca AnsaloniSondrio, 15.11.2023

PCT in assessing the severity and prognosis of acute pancreatitis

Early elevation of PCT in patients suffering from AP is of great significance 
in predicting SAP
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Something new: adrenomedullin

✓ ADM = a hormone produced by a variety of different cell types and was 
first derived from pheochromocytoma nearly 3 decades ago. ADM has 
homeostatic and regulating effects on renal, immunological, endocrine and 
cardiovascular systems. 

✓ The effects of ADM on blood vessels include vasodilation and stabilization 
of the barrier function of endothelial cells maintaining adequate 
permeability. ADM is typically elevated in pts with the metabolic syndrome, 
heart failure, chronic kidney failure as well as in unselected critically ill pts.
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Something new: adrenomedullin

Several studies have reported a strong association between elevated ADM levels 
and mortality, severity of illness and need for organ support in sepsis pts, 
proposing ADM to be a predictive biomarker in sepsis. 

2022

2021

2021
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Something new: adrenomedullin

…initial reports in surgical pathologies… 

2018

2019
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Something new: adrenomedullin

❑ potential of modulating the ADM hormonal 
system has gained interest since exogenous 
infusion of ADM in animal models of sepsis has 
been shown to improve outcomes, which has led 
to the hypothesis that an increment of 
intravascular bio-ADM may be of therapeutic 
value in sepsis.

❑ non-neutralizing anti-ADM antibody 
(Adrecizumab) treatment in humans? 
Adrecizumab-ADM complexes generates 
elevated intravascular bio-ADM, exerting its 
endothelium-stabilizing effects: clinical 
implication of the use of Adrecizumab in sepsis 
is yet unanswered, but clinical trials to 
investigate this are planned. 2022
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Something new: adrenomedullin

❑ PTX3 = an acute-phase protein belonging to the 
long-chain pentameric protein superfamily. As a 
key component of the human innate immune 
system, it plays an important role in the 
regulation of inflammation. 

❑ In recent years, PTX3 has emerged as a 
promising biomarker for sepsis diagnosis and 
prognosis. 

Therapeutic implications….
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wses-bacseti.com https://www.wses-bacseti.com



57
Luca AnsaloniAthens, 12.11.2023

THM station
❑ PCT better than CRP
❑ (1) PCT-appendicitis: diagnosis+ (with scores), 

complicated+++
❑ (2) PCT-cholecystitis: complicated+++ (difficult lap 

chole & postop complications) [CholepossumPro]
❑ (3) PCT-diverticulitis: complicated+++ (with CT)
❑ (4) PTC-guided abx therapy in critically «surgical» 

pts: reduces (improves) abx use & increases survival 
(?!)

❑ (5) PTC-guided abx therapy in pts with secondary 
peritonitis reduces (improves) abx use 

❑ (6) PTC identifies pts at risk of complications after 
major abdominal (colorectal…) surgery: ERAS

❑ (7) PCT in patients suffering from AP is of great 
significance in predicting SAP

❑ New: ADM diagnosis+ prognosis+ therapy!!!
❑ New: PTX3 diagnosis+ prognosis+ therapy!!!



58
Luca AnsaloniAthens, 12.11.2023

THM station

❑Different “PTC paradigms” 
for different pathological
conditions of ACS&T…

❑Need for studies to find 
appropriate paradigm for 
each condition

❑WSES-BACS&TI
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…marketing…  ACADEMIA MEDICINE

https://www.academia.edu/journals/4/academia_medicine
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…marketing… CREST

https://crest-journal.net/site
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…marketing… WSES 2024 CONGRESS

https://www.wses.org.uk/news/wses-congress-2024-rhodes-save-the-date-25-28-june-2024
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