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Abstract
Background Acute calculous cholecystitis (AC) is a syndrome of right upper quadrant pain, fever, and leukocytosis associ-
ated with gallbladder inflammation. In the preoperative planning, the severity of AC should be considered as well as time 
of onset of symptoms and patient comorbidities. The aim of the present study was to investigate the role of an early PCT 
assessment in the emergency department in predicting the outcomes of laparoscopic surgery for AC.
Study design Retrospective, mono-centric study conducted in a teaching urban hospital. We evaluated all patients admit-
ted to our ED from January 1st, 2015, to December 31st, 2019, underwent laparoscopic cholecystectomy for AC having a 
preoperative PCT determination in ED.
Results A total of 2285 patients in our ED were admitted for AC. Among them 822 patients were treated surgically, 174 had 
a PCT determination in ED. Median age was 63 [50–74]. Overall, 33 patients (19.0%) had major complications (MC): 32 
needed an open surgery conversion, and 3 among them deceased. Multivariate analysis demonstrated that PCT, WBC, BUN, 
and CCI were significantly associated to MC in our cohort. When we calculated the area under the ROC curve with regard 
to MC, a procalcitonin value > 0.09 at admission had sensitivity = 84.8% [68.1–94.9] and specificity = 51.8% [43.2–60.3] 
for the occurrence of MC.
Conclusion Our results, suggest that a PCT > 0.09 ng/mL at ED admission, could be associated to a poor surgical outcome 
in patients treated by laparoscopic surgery for AC.
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Introduction

Acute calculous cholecystitis (AC) refers to a syndrome of 
right upper quadrant pain, fever, and leukocytosis associated 
with gallbladder inflammation due to cystic duct blockage 
caused by a stone [1]. AC is the most common complication 

of gallstone disease and typically develops in patients with 
a history of symptomatic gallstones, and it is one of the 
most important causes of abdominal pain on presentation 
to the emergency department (ED) [2]. In the preoperative 
planning, the severity of AC should be considered as well 
as time of onset of symptoms and patient comorbidities [3, 
4]. According to the Tokyo guidelines, the severity of AC 
could be predicted by assessing leukocytosis and C-reac-
tive protein (CRP) levels [5]. Procalcitonin (PCT) has been 
suggested as adjunctive biomarker in working up patient 
infection status; however, the efficacy of PCT to predict-
ing the severity of AC still needs to be investigated [6–9]. 
Procalcitonin (PCT) has been suggested to help emergency 
department physicians both in the assessment of patient 
infection status and for the antibiotic management decisions. 
However, the efficacy of PCT-guided antibiotic therapy in 
suspected or confirmed infection and sepsis has proved con-
troversial over recent decades for the ED setting [10–12].
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As far as we know, in the literature, we found no studies 
that show a relationship between PCT and major complica-
tions after surgical treated AC. On the light of this, the aim 
of the present study was to investigate the role of an early 
PCT assessment in the emergency department in predicting 
the outcomes of laparoscopic surgery for acute cholecystitis.

Material and methods

Study design

This is a retrospective, mono-centric study conducted in a 
teaching urban hospital with an annual attendance at the ED 
of about 75,000 patients (more than 87% adults). We evalu-
ated consecutive patients admitted to our ED from January 
2015 to December 31st, 2019.

Inclusion and exclusion criteria

We included in our analysis all adult patients, admitted from 
the ED, underwent laparoscopic cholecystectomy for acute 
calculous cholecystitis and having a preoperative PCT deter-
mination in ED.

Acute calculous cholecystitis diagnosis was established 
upon clinical condition (acute-onset clinical symptoms sug-
gestive of AC such us positive Murphy and Blumberg signs), 
laboratories findings (elevated WBC and PCR, abnormality 
in bilirubin and y-gt value), and imaging (abdominal ultra-
sound (US) and contrasted enhanced CT (CECT)) according 
to the Tokyo guidelines 18 [5].

Patients with age < 18  years old, patients treated by 
immunosuppressive drugs for transplant, and patients with 
acute leukemia, lymphoma, and HIV + were excluded from 
this study. We also excluded all patients not fulfilling criteria 
for acute cholecystitis and patients that did not underwent 
any surgical procedure or treated only by endoscopic or per-
cutaneous drainages.

Patient’s characteristics

We collected all clinical and demographic data from the 
computerized hospital records. We reviewed the records to 
assess demographic and clinical characteristics regarding 
ED presentation and visit and the outcome at discharge from 
the hospital. For all patients included in the analysis, we 
evaluated the following:

1) Procalcitonin determination in ED. The PCT was 
obtained in ED based on the clinical judgment of emer-
gency physician at admission visit. Cut-off value of PCT 
serum level predictive of sepsis was set at 1 ng/ml, and 
a PCT interval between 0.5 and 1 ng/ml was considered 

as uncertain area. Procalcitonin determination was avail-
able 24 h a day in our ED.

2) Demographic characteristics, including age and gender.
3) Associate comorbidities according to the Charlson’s 

comorbidity score index (CCI) [13].
4) Presence of Sepsis-3 criteria at admission or its develop-

ment during the hospital stay. Sepsis was defined based 
on clinically suspicion of infection and a quick Sequen-
tial Organ Failure Assessment (qSOFA) score ≥ 2 [14].

5) Need for ventilation, defined as necessity of mechani-
cal ventilation (MV) (including non-invasive ventilation 
and use of high-flow oxygen therapy) in any phase of 
in-hospital stay as clinical sign of incipient organ dys-
function.

6) Need for conversion to open surgery.

Patient whose developed complication were divided in 
two group: no/minor complication group and major com-
plication group. Major complication were defined as death, 
need of mechanical ventilation, and conversion to open 
surgery.

Length of hospital stays (LOS) was calculated from ED 
admission to hospital discharge or death. Occurrence of 
death was considered combined for all patients deceased 
in the ED or in the later ward admission. Morbidity and 
mortality have been considered as the conventional 30-day 
outcome. We considered all causes of in-hospital death. We 
correlated these study endpoints with early PCT determina-
tion value in the ED.

Study outcomes

The main endpoint of the study was occurrence of major 
complications. Secondary endpoints were sepsis rate, intra-
hospital mortality rate, and length of hospital stay.

Statistical analysis

Dichotomous data and counts were presented in frequencies, 
whereas continuous data were presented as median [25–75 
interquartile range (IQR)]. Continuous variables were sta-
tistically compared Mann–Whitney U test. Categorical vari-
ables were compared by Chi-square test (with Yates cor-
rection or Fisher’s exact test if needed). Receiver operating 
characteristic (ROC) curve analysis was performed to test 
the specificity and sensitivity of the PCT predicting surgi-
cal outcomes. ROC Youden’s index J was used to deter-
mine the best cut-off values for PCT with respect to defined 
outcomes. The c-statistic evaluates PCT discrimination and 
represents the area under the ROC curve (AUC). A value of 
0.5 is equivalent to chance; a value of 1.0 indicates a perfect 
discrimination.
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Significant parameters at univariate analysis were entered 
into a multivariate logistic regression model in order to 
identify independent predictors of poor outcome. In order 
to improve model fitting, prior to be entered into the logistic 
model, continuous variables were dichotomized into low/
high values according to ROC analysis Youden index J. To 
avoid analysis redundancy or model overfitting, the single 
comorbidities already included in the Charlson Comorbid-
ity Index were excluded from the analysis. A two-sided p 
value < 0.05 was considered as significant.

Statistical analysis was carried out using SPSS for Win-
dows, V25®(SPSS, IBM, Armonk, NY, USA).

Sample size analysis

Since six factors were entered into the logistic regression 
model with respect to cumulative major complications, a 60 
events would have been needed for an optimal parameters 
estimation. Thus, our sample size is slightly underpowered 
for the multivariate estimation.

Results

Study cohort

During the study period, 2285 patients in our ED were 
admitted for AC (median age 62 [52–80]). Among them, 
1411 were treated conservatively or underwent only per-
cutaneous or endoscopic drainage. Further 52 patients 
were excluded due to our exclusion criteria, and among the 
remaining 822 patients treated surgically, 174 had a PCT 
determination in ED and were included in the study cohort. 
The overall median age was 63 [50–74] with an equal gen-
der distribution (51.1% were males). The most common 
symptoms at ED presentation were abdominal pain (74.7%), 
followed by fever (44.8%). We observed 3 cases (1.7%) of 
septic shock, 6 cases (3.4%) of diffuse peritonitis, and 11 
cases (6.3%) of abdominal collection (Table 1). The labora-
tory values for PCT, CRP, WBC, hemoglobin, creatinine, 
and BUN are listed in Table 1. The overall mean PCT value 
was 0.11 (0.05–0.56). The overall mean CRP value was 25 
(11–40). The overall median CCI was 2 [1–4], while diabe-
tes (10.9%) and peripheral vascular disease (7.5%) were the 
most common associated comorbidities.

Conversion to open surgery was needed in 18.4% of cases 
(32 patients). Ten patients (5.7%) developed a septic status. 
Three patients deceased, with an overall mortality rate of 
1.7%. Cumulative major complication rate was of 19.0% (33 
patients).

Patient’s distribution according to elevated PCT 
value

Overall 37 (21.3%) patients had a PCT value at admis-
sion ≥ 1 ng/mL. Patients with elevated PCT were older 
and had more fever and peritonitis at presentation. Labora-
tory values associated to high PCT were elevated creati-
nine, BUN, and fibrinogen. Interestingly WBC was similar 
in PCT ≥ 1 ng/mL and PCT < 1 ng/mL group, while CRP 
value were higher in the PCT ≥ 1 ng/mL patients (32 [18–52] 
p = 0.013) (Table 1).

Factors associated to progression to sepsis

The ten (5.7%) patients that progressed to sepsis had higher 
rate of obstructive jaundice at presentation (80.0% vs 26.2%, 
p < 0.001) and a higher PCT values at admission (0.21 
[0.17–3.75] vs 0.10 [0.05–0.53], p = 0.014). However, at 
multivariate analysis, only obstructive jaundice was inde-
pendently associated to sepsis. Moreover, nether CRP val-
ues were not associated to progression to sepsis (p = 0.410) 
(Table 2).

Factors associated to major complications, 
including need for open surgery conversion

Overall, 33 patients (19.0%) had major complications (MC) 
in our cohort: 32 needed an open surgery conversion, and 
3 among them deceased. One further patient needed MV 
after laparoscopic surgery and was discharged alive. Table 3 
shows the factors associated to major complications. As 
expected, patient in the MC group had a longer LOS (13.2 
[7.9–23.3] vs 7.4 [5.4–11.5], p < 0.001). At the univariate 
analysis, patients with MC were more frequently male and 
had higher CCI and higher WBC, BUN, and PCT values 
(Table 3). Multivariate analysis demonstrated that PCT, 
WBC, BUN, and CCI were significantly associated to MC 
in our cohort (Table 3).

PCT values sensitivity and specificity for MC

When we calculated the area under the ROC curve (AUC) 
with regard to MC, a procalcitonin value > 0.09 at admission 
had sensitivity = 84.8% [68.1–94.9] and specificity = 51.8% 
[43.2–60.3] for the occurrence of MC (Fig. 1).

Discussion

We evaluated the PCT performance in ED in a large series 
of patients underwent laparoscopic cholecystectomy for 
acute calculous cholecystitis, investigating if the assess-
ment of PCT could yield a relevant impact on patient-related 
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endpoints. The major finding of present study is that a PCT 
values > 0.09 ng/mL was an independent predictor of major 
complications, including the need for conversion to open sur-
gery. Clinical evaluation is the starting point of the manage-
ment of AC, and prompt and timely diagnosis should lead to 
early treatment and lower mortality and morbidity [15]. Spe-
cific diagnostic criteria are necessary to accurately diagnose 

typical, as well as atypical cases and the latest guidelines, 
and will refer to the Tokyo International Consensus Meeting 
in 2018, where almost unanimous agreement was achieved 
on the criteria [5]. Moreover, patients with AC may present 
with a spectrum of disease stages ranging from a mild, self-
limited illness to a fulminant, potentially life-threatening 
disease [16]. The progression of acute cholecystitis from 

Table 1  Population demographics and clinical characteristics in 
patients admitted in the emergency department for acute cholecysti-
tis and subsequently treated by surgical cholecystectomy. Comparison 

between patients with low and high PCT values (according to labora-
tory reference value)

#Hypotension /shock was defined as systolic blood pressure < 100  mmHg at emergency department admission; §values are expressed as median 
[interquartile range]; @cumulative major complications include: death, admission to ICU/ventilation, and conversion to open surgery (only for 
major surgery)

Variable All patients n 174 ED PCT < 1 ng/ml n 137 ED PCT ≥ 1 ng/ml n 37 p value

Age§ 63 [50–74] 60 [47–71] 74 [64–81]  < 0.001
Sex (Male) 89 (51.1%) 66 (48.2%) 23 (62.2%) 0.131
Symptoms
Fever 78 (44.8%) 51 (37.2%) 27 (73.0%)  < 0.001
Abdominal pain 130 (74.7%) 106 (77.4%) 24 (64.9%) 0.120
Jaundice 51 (29.3%) 37 (27.0%) 14 (37.8%) 0.199
Vomit 47 (27.0%) 36 (26.3%) 11 (29.7%) 0.675
Constipation 11 (6.3%) 9 (6.6%) 2 (5.4%) 1.000
Diarrhea 6 (3.4%) 4 (2.9%) 2 (5.4%) 0.609
Clinical presentation
Shock 3 (1.7%) 2 (1.5%) 1 (2.7%) 0.514
Diffuse peritonitis 6 (3.4%) 2 (1.5%) 4 (10.8%) 0.019
Abdominal collection 11 (6.3%) 7 (5.1%) 4 (10.8%) 0.250
Laboratory Values
Hemoglobin (g/dL) 12.9 [11.7–14.2] 12.9 [12.1–14.2] 12.1 [10.9–14.6] 0.223
WBC 10.8 [8.3–14.9] 10.7 [8.1–14.9] 11.0 [9.4–15.4] 0.433
Blood glucose 120 [102–153] 120 [101–146] 123 [103–161] 0.319
Creatinine 0.95 [0.73–1.22] 0.91 [0.69–1.15] 1.12 [0.87–1.55] 0.015
BUN (mg/dL) 18 [13–28] 17 [13–25] 25 [17–37]  < 0.001
Fibrinogen (mg/dL 550 [430–747] 516 [414–726] 691 [513–824] 0.002
CRP (mg/dL) 25 [11–40] 23 [10–37] 32 [18–52] 0.013
Procalcitonin (ng/mL) 0.11 [0.05–0.56] 0.07 [0.05–0.18] 3.24 [1.53–9.91]  < 0.001
PCT > 0.09 ng/mL 96 (55.2%) 59 (43.1%) 37 (100%)  < 0.001
Comorbidities
Charlson  Index§ 2 [1–4] 2 [0–3] 3 [2–4] 0.003
Ischemic heart disease 11 (6.3%) 9 (6.6%) 2 (5.4%) 1.000
Congestive heart failure 7 (4.0%) 7 (5.1%) 0 0.348
Peripheral vascular disease 13 (7.5%) 0 (7.3%) 3 (8.1%) 1.000
Diabetes 19 (10.9%) 12 (8.8%) 7 (18.9%) 0.079
Chronic kidney disease 5 (2.9%) 4 (2.9%) 1 (2.7%) 1.000
Outcomes
Death 3 (1.7%) 1 (0.7%) 2 (5.4%) 0.115
Mechanical ventilation 8 (4.6%) 6 (4.4%) 2 (5.4%) 0.678
Progression to sepsis 10 (5.7%) 6 (4.4%) 4 (10.8%) 0.136
Conversion to open surgery 32 (18.4%) 20 (14.6%) 12 (32.4%) 0.013
Cumulative major  complications@ 33 (19.0%) 21 (15.3%) 12 (32.4%) 0.019
Length of hospital  stay§ 8.3 [5.6 – 13.5] 7.6 [5.6 – 13.1] 10.4 [6.1 – 18.0] 0.126
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the mild/moderate to the severe form includes the develop-
ment of sepsis which could led to multiple organ dysfunc-
tion syndrome (MODS) and failure (MOF) [17, 18]. The 
optimization of the management and the risk stratification 
of AC patients could have an important impact on outcomes 
[19–21]. In patients with AC, early warning scores associ-
ated with abdominal signs and symptoms such as abdominal 
pain and tenderness can screen for patients needing prompt 
surgical procedures [22]. Early warning scores employ phys-
iological, easy-to measure parameters, assessing variables 
such as systolic blood pressure, pulse rate, ventilatory rate, 

temperature, oxygen saturations, and level of consciousness 
[23–25]. However, physiological parameters are often not 
sufficient for risk stratification, as the AC involves a wide 
range of patients of different ages, with different morbidities 
and therefore different functional reserves. On the light of 
this, conceding the clinical importance of AC, considerable 
research is directed at identifying biomarkers suitable in pre-
dicting the severity of acute cholecystitis [19, 20]. Several 
authors report that the higher is the severity AC, the higher 
is the PCT levels of the patients at the admission [26–30]. 
Yuzbasioglu et al. in their study suggest that PCT level may 

Table 2  Factors associated to progression to sepsis in the 174 patients treated by surgical cholecystectomy

# Shock was defined as systolic blood pressure < 100 mmHg at emergency department admission; §values are expressed as median [interquartile 
range]; WBC white cell blood count; BUN blood urea nitrogen
For multivariate analysis, continuous variables were categorized into dichotomous variable according to ROC Youden index J. Selected values 
were WBC > 15.25; BUN > 20; procalcitonin > 0.09; Charlson index > 5

Variable None or minor com-
plications n 164

Evolution to sepsis n 10 Univariate p value Hazard ratio [95% 
confidence interval]

Multivari-
ate p value

Age§ 63 [49–74] 63 [56–79] 0.512
Sex (Male) 82 (50.0%) 7 (70.0%) 0.219
Symptoms
Fever 73 (44.5%) 5 (50.0%) 0.755
Abdominal pain 123 (75.0%) 7 (70.0%) 0.724
Jaundice 43 (26.2%) 8 (80.0%)  < 0.001 5.46 [1.10–26.9] 0.038
Vomit 45 (27.4%) 2 (20.0%) 1.000
Constipation 10 (6.1%) 1 (10.0%) 0.489
Diarrhea 6 (3.7%) 0 1.000
Clinical presentation
Shock 3 (1.8%) 0 1.000
Diffuse peritonitis 5 (3.0%) 1 (10.0%) 0.303
Abdominal collection 10 (6.1%) 1 (10.0%) 0.489
Laboratory Values
Hemoglobin (g/dL) 12.9 [11.7–14.2] 12.3 [10.8–13.9] 0.367
WBC 10.9 [8.4–14.9] 8.6 [5.7–12.3] 0.077
Blood glucose 120 [102–154] 107 [92–150] 0.367
Creatinine 0.94 [0.73–1.22] 0.97 [0.62–1.30] 0.844
BUN 18 [13–28] 17 [15–24] 0.941
Fibrinogen 552 [433–755] 490 [373–710] 0.372
CRP 24 [11–40] 29 [20–42] 0.410
Procalcitonin 0.10 [0.05–0.53] 0.21 [0.17–3.75] 0.014 0.79 [0.19–3.31] 0.791
Comorbidities
Charlson Comorbidity  Index§ 2 [1–4] 3 [1–6] 0.213
Ischemic heart disease 8 (4.9%) 3 (30.0%) 0.018 4.04 [0.12–133.5] 0.434
Congestive heart failure 6 (3.7%) 1 (10.0%) 0.344
Peripheral vascular disease 10 (6.1%) 3 (30.0%) 0.029 0.90 [0.28–29.4] 0.957
Diabetes 19 (11.6%) 0 0.604
Chronic kidney disease 5 (3.0%) 0 1.000
Outcomes
Conversion to open surgery 29 (17.7%) 3 (30.0%) 0.329
Mechanical ventilation 6 (3.7%) 2 (20.0%) 0.017
Length of hospital  stay§ 7.6 [5.5–12.4] 14.8 [13.3–20.3] 0.001
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be considered to be a parameter that could be added to the 
assessment of the severity of acute cholecystitis in the Tokyo 
guidelines, although further studies are needed to support 
this finding [26]. Moreover Wu t et al. in a study involving 
115 patients who underwent emergency cholecystectomy 
tested PCT value to predict difficult laparoscopic cholecys-
tectomy (DLC) before operation. As results, they conclude 
that PCT is superior to CRP in diagnosing DLC. The cut-off 
value for PCT of > 1.50 ng/ml has a high predictive value for 
DLC in AC patients. Monitoring PCT trends may be used as 
a preoperative risk assessment in AC patients (27).

In present study we found a relationship with PCT val-
ues and worst outcomes in terms of MC, including the 
need for conversion from laparoscopic to open surgery. 
As expected, we also found that higher comorbidities, 
WBC, and BUN at admission were associated to a worse 
outcome. However, even after adjusting for these factors, 
a PCT value > 0.09 at ED admission had a sensitivity of 
84.8% [68.1–94.9] and a specificity of 51.8% [43.2–60.3] 
for the occurrence of a major complication, having also 
a superior predictive value if compared to WBC, BUN, 
and CCI. Moreover, CRP was not associated with sepsis 

Table 3  Cumulative major complications (including conversion to open surgery, need for mechanical ventilation, and death) in the 174 patients 
treated by major surgical procedures

# Shock was defined as systolic blood pressure < 100 mmHg at emergency department admission; §values are expressed as median [interquartile 
range]; WBC white cell blood count; BUN blood urea nitrogen
For multivariate analysis, continuous variable were categorized into dichotomous variable according to ROC Youden index J. Selected values 
were WBC > 15.25; BUN > 20; procalcitonin > 0.09; Charlson index > 5

Variable None or minor com-
plications n 141

Cumulative major 
complications n 33

Univariate p value Cumulative major 
complications n 33

Multivari-
ate p value

Age§ 62 [48–73] 69 [55–76] 0.053
Sex (Male) 67 (47.5%) 22 (66.7%) 0.048 1.13 [0.44–2.92] 0.796
Symptoms
Fever 62 (44.0%) 16 (48.5%) 0.639
Abdominal pain 109 (77.3%) 21 (63.6%) 0.104
Jaundice 38 (27.0%) 13 (39.4%) 0.157
Vomit 41 (29.1%) 6 (18.2%) 0.204
Constipation 6 (4.3%) 5 (15.2%) 0.036 2.06 [0.45–9.41] 0.351
Diarrhea 5 (3.5%) 1 (3.0%) 1.000
Clinical presentation
Shock 1 (0.7%) 2 (6.1%) 0.093
Diffuse peritonitis 4 (2.8%) 2 (6.1%) 0.319
Abdominal collection 5 (3.5%) 6 (18.2%) 0.002
Laboratory values
Hemoglobin (g/dL) 12.9 [11.7–14.2] 12.7 [11.1–14.6] 0.720
WBC 10.7 [8.2–14.2] 13.9 [8.6–18.5] 0.017 3.27 [1.31–8.17] 0.011
Blood glucose 121 [102–152] 119 [100–156] 0.781
Creatinine 0.94 [0.69–1.22] 0.97 [0.84–1.22] 0.333
BUN 17 [13–26] 24 [14–33] 0.041 2.61 [1.05–6.53] 0.040
Fibrinogen 541 [428–742] 589 [418–802] 0.463
CRP 26 [12–38] 23 [11–40] 0.910
Procalcitonin 0.08 [0.05–0.36] 0.45 [0.11–2.08]  < 0.001 4.38 [1.44–13.29] 0.009
Comorbidities
Charlson Comorbidity  Index§ 5 [3–7] 5 [5–7] 0.018 3.88 [1.09–13.82] 0.036
Ischemic heart disease 10 (7.1%) 1 (3.0%) 0.692
Congestive heart failure 4 (2.8%) 3 (9.1%) 0.127
Peripheral vascular disease 11 (7.8%) 2 (6.1%) 1.000
Diabetes 14 (9.9%) 5 (15.2%) 0.365
Chronic kidney disease 2 (1.4%) 3 (9.1%) 0.048
Outcomes
Bloodstream infection 7 (5.0%) 3 (9.1%) 0.403
Length of hospital  stay§ 7.4 [5.4–11.5] 13.2 [7.9–23.3]  < 0.001
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progression or need of conversion, may be because it is 
less specific and it has a slowly raise of the mean values 
if compared to PCT. To the best of our knowledge, the 
present study is the first focusing on the correlation of 
early assessment of PCT in the ED and outcomes after 
emergency cholecystectomy finding that a higher value 
of PCT could be a useful tool to stratify patient surgical 
outcome.

Study limitations

As for any retrospective study, some limitations are worth 
considering. First, PCT assessment in ED was requested 
at discretion of treating physician, thus introducing a 
selection bias that cannot be avoided. Moreover, the sam-
ple size is reduced and evaluated post-hoc, both limiting 
the power of our analysis and the multivariate param-
eter estimations. Finally, criteria for conversion to open 
surgery were leaved to the operating surgeon. However, 
being this a single institution study, these latter criteria 
were uniform and consistent in the study period.

Conclusions

Our results, although in a limited sample, suggest that a 
PCT > 0.09 ng/mL at ED admission, could be associated 
to a poor surgical outcome in patients admitted for AC and 
treated by laparoscopic surgery. Obstructive jaundice rep-
resented the main clinical finding associated to sepsis pro-
gression in our cohort. Further, and prospective studies are 
needed to evaluate the role of PCT in stratifying AC patients 
to surgery.

Authors’ contributions PF, MC: study conception and design, literature 
search, acquisition, interpretation and analysis of data, drafting and 
critically revising the article for important intellectual content; and final 
approval of the version to be published. VC, FR: drafting and critically 
revising the article for important intellectual content and final approval 
of the version to be published. ALG, GQ, CP: acquisition of data and 
critically revising the article for important intellectual content. FF,SA, 
GS: drafting and critically revising the article for important intellectual 
content and final approval of the version to be published.

Data availability Not applicable. Our manuscript does not contain data 
from any individual person, so this section is not applicable to our 
submission.

Code availability Not applicable.

Declarations 

Ethics approval and consent to participate Not applicable. Our manu-
script does not report on or involve the use of any animal or human 
data or tissue and does not contain data from any individual person, so 
this section is not applicable to our submission.

Conflict of interest The authors declare no competing interests.

References

 1. Jones MW, Genova R, O’Rourke MC. Acute cholecystitis. In: 
StatPearls. Treasure Island (FL): StatPearls Publishing; November 
18, 2020.

 2. Wilkins T, Agabin E, Varghese J, Talukder A (2017) Gallbladder 
dysfunction: cholecystitis, choledocholithiasis, cholangitis, and 
biliary dyskinesia. Prim Care 44(4):575–597

 3. Pisano M, Allievi N, Gurusamy K et al (2020) World society of 
emergency surgery updated guidelines for the diagnosis and treat-
ment of acute calculus cholecystitis. World J Emerg Surg 15(1):61

 4. Schuster KM, O’Connor R, Cripps M et al (2021) Multicenter 
validation of the American association for the surgery of trauma 
grading scale for acute cholecystitis. J Trauma Acute Care Surg 
90(1):87–96

 5. Okamoto K, Suzuki K, Takada T et al (2018) Tokyo Guidelines 
2018: flowchart for the management of acute cholecystitis [pub-
lished correction appears in J Hepatobiliary Pancreat Sci. 2019 
Nov;26(11):534]. J Hepatobiliary Pancreat Sci 25(1):55–72

 6. Sartelli M, Chichom-Mefire A, Labricciosa FM, et al. The man-
agement of intra-abdominal infections from a global perspective: 

Fig. 1  Receiver operating characteristics (ROC) analysis of procalci-
tonin (PCT) value in emergency department and surgical outcome of 
patients treated by urgent laparoscopic surgery for acute cholecystitis. 
Values of 1 ng/mL and 0.5 ng/ml are the current cut off values for, 
respectively, elevated and uncertain area serum PCT in our institu-
tion. A value of PCT > 0.09 ng/mL was identified by Youden index J 
as the best predictor for major complications (including conversion to 
open surgery) in our cohort

2381Langenbeck’s Archives of Surgery (2021) 406:2375–2382



1 3

2017 WSES guidelines for management of intra-abdominal 
infections [published correction appears in World J Emerg Surg. 
2017;12:36]. World J Emerg Surg 2017;12:29.

 7. Covino M, Fransvea P, Rosa F, et al. Early procalcitonin assess-
ment in the emergency department in patients with intra-abdom-
inal infection: an excess or a need? [published online ahead of 
print, 2021 Feb 2]. Surg Infect (Larchmt). 2021;https:// doi. org/ 
10. 1089/ sur. 2020. 373.

 8. Sager R, Wirz Y, Amin D et al (2017) Are admission procalci-
tonin levels universal mortality predictors across different medical 
emergency patient populations? Results from the multi-national, 
prospective, observational TRIAGE study. Clin Chem Lab Med 
55(12):1873–1880

 9. Lee CC, Chen SY, Tsai CL et al (2008) Prognostic value of mor-
tality in emergency department sepsis score, procalcitonin, and 
C-reactive protein in patients with sepsis at the emergency depart-
ment. Shock 29(3):322–327

 10. Covino M, Gallo A, Montalto M et al (2021) The role of early 
procalcitonin determination in the emergency department in adults 
hospitalized with fever. Medicina (Kaunas) 57(2):179

 11. Schuetz P, Wirz Y, Sager R et al (2017) Procalcitonin to initi-
ate or discontinue antibiotics in acute respiratory tract infections. 
Cochrane Database Syst Rev 10(10):CD007498

 12. Covino M, Piccioni A, Bonadia N et al (2020) Early procalcitonin 
determination in the emergency department and clinical outcome 
of community-acquired pneumonia in old and oldest old patients. 
Eur J Intern Med 79:51–57

 13. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373–383

 14. Rudd KE, Seymour CW, Aluisio AR et al (2018) Association 
of the quick sequential (sepsis-related) organ failure assessment 
(qSOFA) score with excess hospital mortality in adults with sus-
pected infection in low- and middle-income countries. JAMA 
319(21):2202–2211

 15. Borzellino G, Khuri S, Pisano M et al (2021) Timing of early 
laparoscopic cholecystectomy for acute calculous cholecystitis: a 
meta-analysis of randomized clinical trials. World J Emerg Surg 
16(1):16

 16. CholeS Study Group (2016) West Midlands Research Collabo-
rative. Population-based cohort study of outcomes following 
cholecystectomy for benign gallbladder diseases [published cor-
rection appears in Br J Surg. 2018 Aug;105(9):1222]. Br J Surg 
103(12):1704–1715

 17. Kamarajah SK, Karri S, Bundred JR et al (2020) Periopera-
tive outcomes after laparoscopic cholecystectomy in elderly 
patients: a systematic review and meta-analysis. Surg Endosc 
34(11):4727–4740

 18. Papi C, Catarci M, D’Ambrosio L, Gili L, Koch M, Grassi GB, 
Capurso L (2004) Timing of cholecystectomy for acute calculous 
cholecystitis: a meta-analysis. Am J Gastroenterol 99(1):147–155

 19. Ansaloni L, Pisano M, Coccolini F, Peitzmann AB, Fingerhut A, 
Catena F, Agresta F, Allegri A, Bailey I, Balogh ZJ, Bendinelli C 
et al (2016) 2016 WSES guidelines on acute calculous cholecys-
titis. World J Emerg Surg 11(1):25

 20. Rosa F, Covino M, Cozza V et al (2021) Management of acute 
cholecystitis in elderly patients: a propensity score-matched analy-
sis of surgical vs. medical treatment [published online ahead of 
print, 2021 Jan 23]. Dig Liver Dis S1590–8658(21):00017–7

 21. CholeS Study Group (2016) West Midlands Research Collabo-
rative. Population-based cohort study of variation in the use of 
emergency cholecystectomy for benign gallbladder diseases. Br J 
Surg 103(12):1716–1726

 22. Garcea G, Ganga R, Neal CP, Ong SL, Dennison AR, Berry DP 
(2010) Preoperative early warning scores can predict in-hospital 
mortality and critical care admission following emergency sur-
gery. J Surg Res 159(2):729–734

 23. Alam N, Hobbelink EL, van Tienhoven AJ, van de Ven PM, 
Jansma EP, Nanayakkara PW (2014) The impact of the use of the 
Early Warning Score (EWS) on patient outcomes: a systematic 
review. Resuscitation 85(5):587–594

 24. Petersen JA (2018) Early warning score challenges and opportuni-
ties in the care of deteriorating patients. Dan Med J 65(2):B5439 
(PMID: 29393044)

 25. Sarani B (2012) Accuracy of an expanded early warning score for 
patients in general and trauma surgery wards (Br J Surg 2012; 99: 
192–197). Br J Surg 99(2):197–198

 26. Yuzbasioglu Y, Duymaz H, Tanrikulu CS et al (2016) Role of 
Procalcitonin in evaluation of the severity of acute cholecystitis. 
Eurasian J Med 48(3):162–166

 27. Wu T, Luo M, Guo Y, Bi J, Guo Y, Bao S (2019) Role of procal-
citonin as a predictor in difficult laparoscopic cholecystectomy for 
acute cholecystitis case: a retrospective study based on the TG18 
criteria. Sci Rep 9(1):10976

 28. Lorenzon L, Costa G, Massa G, Frezza B, Stella F, Balducci G 
(2017) The impact of frailty syndrome and risk scores on emer-
gency cholecystectomy patients. Surg Today 47(1):74–83

 29. Sakalar S, Ozakın E, Cevik AA, et al. Plasma procalcitonin is 
useful for predicting the Severity of acute cholecystitis. Emerg 
Med Int. 2020;2020:8329310. Published 2020 Jan 14.

 30. Di Buono G, Romano G, Galia M et al (2021) Difficult laparo-
scopic cholecystectomy and preoperative predictive factors. Sci 
Rep 11(1):2559

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

2382 Langenbeck’s Archives of Surgery (2021) 406:2375–2382

https://doi.org/10.1089/sur.2020.373
https://doi.org/10.1089/sur.2020.373

	Role of serum procalcitonin in predicting the surgical outcomes of acute calculous cholecystitis
	Abstract
	Background 
	Study design 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design
	Inclusion and exclusion criteria
	Patient’s characteristics
	Study outcomes
	Statistical analysis
	Sample size analysis

	Results
	Study cohort
	Patient’s distribution according to elevated PCT value
	Factors associated to progression to sepsis
	Factors associated to major complications, including need for open surgery conversion
	PCT values sensitivity and specificity for MC

	Discussion
	Study limitations

	Conclusions
	References


