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ARTICLE INFO ABSTRACT
Keywords: Purpose: The objective of this study was to assess the performance of pancreatic stone protein (PSP) monitoring
Li'thostathine for the detection of sepsis, prediction of outcome and distinction between bacterial and fungal infections in
Biomarker intensive care unit (ICU) patients with complicated abdominal surgery.
EZ:;‘;E;US Materials and methods: In this prospective multicenter cohort study, patients with complicated abdominal surgery
Outcome had serial PSP measurements during their ICU stay. Infectious episodes were classified as bacterial, fungal or
sepsis mixed. PSPmax (maximal PSP value within 48 h of the diagnosis of infection) and APSP (difference between
PSPmax and the preceding PSP value) were used for analyses.
Results: PSPmax was obtained for 118 infectious episodes (68 patients). APSP was available for 73 episodes (48
patients). Both PSPmax and APSP were significantly higher in patients with sepsis and in patients with a fatal
outcome. A PSPmax >124 ng/ml and a APSP >34 ng/ml could detect sepsis with a sensitivity/specificity of
84%/54% and 69%/76%, respectively. There was no significant difference of PSPmax or APSP between patients
with bacterial/mixed versus fungal infections.
Conclusions: Serial PSP monitoring may be an additional tool for the early detection of sepsis in patients with
complicated abdominal surgery who are at high risk of severe infections.
1. Introduction rate of 30-40% [1]. Early antimicrobial therapy and source control are
crucial for the outcome of these infections. However, their diagnosis is
Intensive care unit (ICU) patients with complicated abdominal sur- often delayed because of the paucity and non-specificity of clinical signs
gery (e.g. recurrent gastrointestinal tract perforation or anastomotic [1]. Therefore, there is a need for non-invasive rapid tests for the early
leakage) or acute necrotizing pancreatitis often present severe infections recognition of sepsis in ICU patients with complicated abdominal sur-
with septic shock in about one third of cases and an overall mortality gery. Non-specific markers of inflammation, such as the white blood cell
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count (WBC), C-reactive protein (CRP), procalcitonin (PCT), interleukin-
6 (IL-6) and pancreatic stone protein (PSP) have been used as indicators
of sepsis in ICU [2,3]. PSP is a glycoprotein secreted in the pancreatic
juice in response to systemic stress [2]. When compared to other bio-
markers, PSP showed better accuracy for the early detection of infection
and sepsis [2,4,5]. In one study in ICU patients with post-operative
peritonitis, PSP was the best predictor of infection severity and death
compared to WBC, CRP, PCT and IL-6 [6]. Because ICU patients with
intra-abdominal infections often undergo multiple abdominal surgeries
and/or have concomitant pancreatitis, which may affect PSP levels
[2,7], the utility of PSP monitoring for the early detection of sepsis may
be questioned in this setting. Moreover, there is no data about possible
distinct PSP kinetics between patients with bacterial or fungal in-
fections, such as Candida infections, which represent as many as 10-20%
cases of post-operative peritonitis [1,8].

The objective of this study was to assess the performance of PSP for
the detection of sepsis, prediction of outcome, and distinction between
bacterial and fungal infections in ICU patients with complicated
abdominal surgery.

2. Materials and methods
2.1. Study design and setting

We used data from a prospective cohort study of the Fungal Infection
Network of Switzerland (FUNGINOS) [9]. Consecutive ICU patients with
complicated abdominal surgery (i.e. anastomotic leakage, ischemic ne-
crosis, recurrent gastrointestinal surgery or perforation, acute necro-
tizing pancreatitis) and a PSP value within 48 h from an infectious
episode were included. No specific exclusion criteria were applied. De-
mographic, clinical and microbiological data were collected. Serial
serum PSP measurements were realized every 48 h from inclusion and
until two weeks after ICU discharge. PSP measurements were performed
using an enzyme-linked immunosorbent assay, according to a method
previously described [10].

This study was approved by the Institutional Ethical Committees of
each participating center and written informed consent was obtained
from the patients or their legal representatives. Study design and ana-
lyses were performed according to Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) (http://www. st
robe-statement.org).

2.2. Definitions

An infectious episode was defined as a clinically and/or microbio-
logically documented infection. The latter was defined as the isolation of
bacterial or fungal pathogens by culture of fluid or tissue samples ob-
tained by surgery or radiological drainage. Infectious episodes were
classified as bacterial (mono- or polymicrobial bacterial growth), fungal
(monomicrobial growth of Candida spp.) or mixed infections (concom-
itant growth of bacteria and Candida spp. in the same sample or in
samples drawn at <48 h interval). The severity of infection was assessed
according to the SEPSIS-3 definitions as sepsis (including septic shock)
or no sepsis [11].

2.3. Statistical analysis

For the analyses, the maximal PSP value (PSPmax) obtained within
+/— 48 h of each infectious episode was recorded. The kinetics of PSP
increase (APSP) was also assessed by calculating the difference between
the PSPmax and the preceding 48 h PSP value. PSPmax and APSP values
were compared between patients with sepsis versus (vs) no sepsis
criteria, survival at end of hospital stay vs in-hospital death, and bac-
terial or mixed vs fungal infections. Receiver operating characteristic
(ROC) curves were assessed using different PSPmax and APSP cut-off
values with expression of the area under the curve (AUC). The Youden
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index was used to define the optimal cut-off value and performance was
expressed in terms of sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV).

All analyses were performed using the R software version 4.3.1
(2023) (R Foundation for Statistical Computing, Vienna, Austria;
https://www.R-project.org/). Descriptive results were expressed as
proportions (percentages) or as medians with interquartile range (IQR).
The Wilcoxon Rank-Sum test was used to compare continuous variables
between groups. Differences between groups were considered as sig-
nificant for a P value <0.05.

2.4. Ethical approval statement

The ethics committee of the Canton of Vaud approved this pro-
spective cohort study of FUNGINOS (study protocol number 214/05,
14th November 2005). The original French title upon approval was
“Etude prospective multicentrique chez des patients a haut risque hos-
pitalisés aux soins intensifs chirurgicaux sur ’utilité de nouveaux tests
de laboratoire pour le diagnostic précoce et le suivi de la candidose
invasive et sur le role des polymorphismes de genes impliqués dans
I’'immunité innée pour la susceptibilité a ce type d’infection sévere*. All
procedures were followed in accordance with the ethical standards of
the responsible institutional committee on human experimentation and
with the Helsinki Declaration of 1975.

3. Results
3.1. Characteristics of patients and infections

A total of 118 infectious episodes were analyzed in 68 patients
(Fig. 1), of which 83/118 (70.3%) were bacterial, 10/118 (8.5%) fungal
and 25/118 (21.2%) mixed infections. The localization of infection was
intra-abdominal in 85/118 (72%), pulmonary in 14/118 (11.9%) and
other in 19/118 (16.1%) cases. Criteria of sepsis (including septic shock)
were present in 62/118 (52.5%) infectious episodes. Sepsis was present
in 46/83 (55.4%), 2/10 (20%) and 14/25 (56%) bacterial, fungal and
mixed infections, respectively. All-cause in-hospital mortality was 11/

434 Patients
in cohort study of FUNGINOS

|

101 Eligible Patients with:
* Anastomotic leakage
Ischemic necrosis
Recurrent gastrointestinal tract
surgery or perforation
Acute necrotizing pancreatitis

12 Patients not included:
« 7 Informed consent not obtained
* 2 Transferred before inclusion
* 3 Died before inclusion

21 Patients excluded:
+ No PSP value within 48h from an
infectious episode

68 Patients Included

Fig. 1. Flowchart of included patients.
Abbreviations: FUNGINOS, Fungal Infection Network of Switzerland; PSP,
pancreatic stone protein.
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68 (16.2%) in the entire patient population and 7/53 (13.2%) in patients
with intra-abdominal infections. Patient demographics and clinical
characteristics are shown in Table 1.

3.2. PSP for the detection of sepsis

PSPmax values displayed important inter-individual variations
(12.3-5560 ng/ml) and were significantly higher for infectious episodes
occurring during the ICU stay in comparison to those occurring after ICU
discharge (median 318.8 vs 73.4 ng/ml, p < 0.0001). Higher PSPmax
and APSP values were observed in episodes with sepsis vs no sepsis
(respectively; median 349.6 vs 118.3 ng/ml, p < 0.0001, and 67.5 vs
13.9 ng/ml, p = 0.005) (Fig. 2a & 3a). These differences were mainly
driven by episodes with septic shock both for PSPmax (423 ng/ml, IQR:
181.6-751) and APSP (83 ng/ml, IQR: 20.9-156.7). ROC analyses of the
performance of PSPmax and APSP to predict the severity of infection
(sepsis vs no sepsis) showed an AUC of 0.71 (95% confidence interval:
0.62-0.81) and 0.69 (0.56-0.82), respectively (Fig. 4a). The optimal cut-
off values were a PSPmax of 123.8 ng/ml (sensitivity 83.9%, specificity
53.6%, PPV 66.7%, NPV 75%) and a APSP of 33.9 ng/ml (sensitivity
68.8%, specificity 75.6%, PPV 68.8%, NPV 75.6%). When the analysis
was limited to the episodes of intra-abdominal infections, these differ-
ences remained statistically significant for PSPmax (85 episodes, 57
patients; 399.5 vs 116.3 ng/ml, p = 0.0008 for sepsis vs no sepsis) and
for APSP (46 episodes, 33 patients; 57.2 vs —17.4 ng/ml, p = 0.036 for
sepsis vs no sepsis). These differences were mainly driven by episodes
with septic shock both for PSPmax (453 ng/ml, IQR: 193.3-751) and
APSP (100 ng/ml, IQR: 27-153). ROC analyses of the performance of
PSPmax and APSP to predict the severity of infection (sepsis vs no
sepsis) in intra-abdominal infections showed an AUC of 0.71 (95%
confidence interval: 0.6-0.83) and 0.68 (0.51-0.85), respectively
(Fig. 4b). The optimal cut-off values were a PSPmax of 123.8 ng/ml

Table 1
Patient demographics and clinical characteristics.
n=68
Age (years), median (IQR) 63.5 (51-74)
Female sex 21 (30.9)
Primary diagnosis at ICU admission
Intraabdominal tumor 22 (32.4)
Acute necrotizing pancreatitis 9(13.2)
Gastrointestinal perforation 9(13.2)

Ileus 8(11.8)

Intestinal ischemic disorder 6 (8.8)
Gastrointestinal bleeding 5(7.4)
Others 9(13.2)
Abdominal surgery during study 68 (100)
Number of surgical interventions, median (IQR) 4 (2-5)
Sites of abdominal surgery during study (>1 site/patient)
Small intestine 33 (48.5)
Colon 33 (48.5)
Biliary tract 16 (23.5)
Pancreas 15 (22.1)
Stomach 4(5.9)
Esophagus 2(2.9)
Infectious episodes (n = 118)
Bacterial 83 (70.3)
Fungal 10 (8.5)
Mixed 25 (21.2)
Severity
APACHE-II score (at inclusion), median (IQR) 21 (14-26)
SAPS-II score (at inclusion), median (IQR) 51 (40-58)
Sepsis (during hospitalization) 62 (52.5)
Outcome
Length of hospital stay (days), median (IQR) 52.5 (31-78)
Length of ICU stay (days), median (IQR) 16 (9-30)
In-hospital mortality 11 (16.2)

Data are median (interquartile range, IQR) or number of cases (%).
Abbreviations: ICU, intensive care unit; APACHE, Acute Physiology and Chronic
Health Evaluation; SAPS, Simplified Acute Physiology Score.
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(sensitivity 85.4%, specificity 54.1%, PPV 70.7%, NPV 74.1%) and a
APSP of 33.9 ng/ml (sensitivity 60.9%, specificity 82.6%, PPV 77.8%,
NPV 67.9%).

3.3. PSP for outcome prediction

We observed a significantly higher PSPmax value and a higher APSP
in patients with a fatal in-hospital outcome compared to those who were
alive at hospital discharge (respectively; median 841 vs 223.1 ng/ml, p
= 0.008 and median 164.1 vs 18 ng/ml, p = 0.007) (Fig. 2b & 3b). ROC
analyses of the performance of PSPmax and APSP to predict the outcome
(in-hospital death vs survival at hospital discharge) showed an AUC of
0.75 (0.56-0.94) and 0.79 (0.59-0.99), respectively (Fig. 4c). The
optimal cut-off values were a PSPmax of 754.5 ng/ml (sensitivity 63.6%,
specificity 89.5%, PPV 53.8%, NPV 92.7%) and a APSP of 82.9 ng/ml
(sensitivity 77.8%, specificity 79.5%, PPV 46.7%, NPV 93.9%). When
the analysis was limited to the episodes of intra-abdominal infections,
these differences remained statistically significant for PSPmax (841 vs
211.1 ng/ml, p = 0.021 for death vs survival), but not for APSP (164.1 vs
3 ng/ml, p = 0.12 for death vs survival). ROC analyses of the perfor-
mance of PSPmax and APSP to predict the outcome (in-hospital death vs
survival at hospital discharge) in intra-abdominal infections showed an
AUC of 0.81 (0.62-1) and 0.79 (0.52-1), respectively (Fig. 4d). The
optimal cut-off values were a PSPmax of 744 ng/ml (sensitivity 71.4%,
specificity 89.1%, PPV 50%, NPV 95.3%) and a APSP of 121.5 ng/ml
(sensitivity 83.3%, specificity 81%, PPV 55.6%, NPV 94.4%).

3.4. PSP for the distinction of bacterial and fungal infections

We did not observe any significant difference of PSPmax or APSP
between fungal and bacterial or mixed infections neither in the entire
patient population (respectively, 212.9 vs 178.3 ng/ml, p = 0.58, and
0.9 vs 24 ng/ml, p = 0.2) nor in patients with intra-abdominal infections
only (351.6 vs 223.4 ng/ml, p = 0.64, and 0.6 vs 17.1 ng/ml, p = 0.58).
Because pancreatitis has been associated with high PSP values [7], we
compared PSPmax and APSP between patients with and without acute
necrotizing pancreatitis, and did not find a significant difference (169.9
vs 238.1 ng/ml, p = 0.5 and 23.9 vs 20.8 ng/ml, p = 0.87 respectively).

4. Discussion

In this longitudinal cohort study, we showed that PSP was a predictor
of the severity of infection and in-hospital death in a specific subset of
ICU patients with complicated abdominal surgery or acute necrotizing
pancreatitis. Previous studies performed in other ICU settings, such as
patients with trauma, cardiac surgery or ventilator-associated pneu-
monia, also supported the association of high PSP levels with infection/
sepsis and their outcomes [10,12,13]. However, the optimal positivity
cut-off may vary according to the studied populations [14]. Indeed,
patients with post-operative peritonitis seem to have higher median PSP
compared to those with post-trauma or post-cardiac surgery infections
[6,10,13,14]. We also observed a significant variability of PSP values
between infectious episodes occurring in the ICU vs outside of the ICU in
our cohort. In a large multicenter study conducted in a general ICU
population, Pugin et al. reported a 72% sensitivity and 69% specificity of
PSP to discriminate the presence versus absence of sepsis at a cut-off of
290 ng/ml [4]. In the present study limited to the specific subset of
patients with complicated abdominal surgery or acute necrotizing
pancreatitis, we found an optimal performance (84% sensitivity and
54% specificity) at a lower cut-off (123.8 ng/ml). In a similar patient
setting, Gukasjan et al. found that PSP could predict fatal outcome with a
78% sensitivity and 62% specificity using a 130 ng/ml cut-off [6], while
our results suggested a higher optimal cut-off for the prediction of in-
hospital death (754.5 ng/ml).

The large variability of PSP levels across studies and patient subsets
makes that it is difficult to define an optimal cut-off. Because PSP is a
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Fig. 2. Distribution of PSPmax values per infectious episode by severity of infection (no sepsis vs sepsis), 2a), and clinical outcome (survival at hospital discharge vs
in-hospital death), 2b). For visualization purposes, the outliers with PSPmax values of 1592, 2251, 2512, 3029 and 5560 ng/ml were hidden in the plot but included

in the statistical comparison.

Abbreviations: PSP, pancreatic stone protein; PSPmax, maximal PSP value obtained within +/— 48 h of each infectious episode.
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Fig. 3. Distribution of APSP values per infectious episode by severity of infection (no sepsis vs sepsis), 3a), and clinical outcome (survival at hospital discharge vs in-
hospital death), 3b). For visualization purposes, outliers with APSP values of —1583, —517, 570.6 and 2050 ng/ml were hidden in the plot but included in the

statistical comparison.

Abbreviations: PSP, pancreatic stone protein; APSP, difference between the PSPmax and the preceding PSP value.

non-specific inflammatory marker, it can be influenced by non-
infectious stress conditions that are often present among ICU patients
with post-operative peritonitis [2]. In particular, recent surgery and
chronic pancreatitis were shown to increase PSP levels [7,13]. Although
PSP is secreted by the pancreas, our analysis did not find significant
differences of PSP values between patients with presence or absence of

acute necrotizing pancreatitis. However, because we observed a wide
range of PSPmax values in our study cohort, we also analyzed the ki-
netics of PSP to see if a significant PSP rise would represent a better
marker of sepsis rather than an absolute PSP value. We observed that a
PSP increase of >34 ng/ml (APSP) over 48 h was also an indicator of
severe infection and bad prognosis. While PSPmax had a better
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Prediction of sepsis - Intra-abdominal infections
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Fig. 4. Receiver operating characteristic (ROC) curves of the performance of PSPmax and APSP for the prediction of sepsis in all patients (4a), in-hospital mortality
in all patients (4b), sepsis in patients with intra-abdominal infections only (4¢), and in-hospital mortality in patients with intra-abdominal infections only (4d). 95%

confidence intervals are shown in parenthesis near each AUC value.

Abbreviations: PSP, pancreatic stone protein; PSPmax, maximal PSP value obtained within +/— 48 h of each infectious episode; APSP, difference between the

PSPmax and the preceding PSP value; AUC, area under the curve.

sensitivity than APSP for sepsis detection (84% vs 69%), the APSP had a
better specificity than PSPmax (76% vs 54%).

Overall, these results suggest that monitoring of PSP might be helpful
to identify patients who would benefit from a prompt initiation of
antimicrobial therapy. However, the question whether a PSP shift could
anticipate clinical signs of sepsis and improve clinical outcome remains
open. Indeed, because the majority of infectious episodes occurred
within a short time window after study inclusion or frequently over-
lapped, we could not systematically examine PSP kinetics over a longer
period. For the same reasons, we could not make conclusions about the
utility of PSP values in follow-up to assess the response to therapy.
Nonetheless, some previous studies suggested that PSP increase pre-
ceded the clinical signs of sepsis and the rise of other inflammatory
biomarkers [2,4,5,10].

Although PSP is a non-specific marker, we investigated its potential
utility to distinguish bacterial from fungal infections. Intra-abdominal
candidiasis, caused by Candida spp., may affect 10 to 20% of patients

with complicated abdominal surgery and the question whether to start
empirical antifungal therapy in case of sepsis remains a matter of debate
[9]. We compared PSPmax and APSP between fungal vs bacterial/mixed
infections and did not find a statistically significant difference. Although
this analysis was limited by the very small number of pure fungal in-
fections, our study is the first to investigate the value of this marker for
the diagnosis of fungal infection.

While it would be interesting to compare PSP with other inflamma-
tory markers, such measurements were not included in our prospective
sample collection, thereby precluding comparisons between different
biomarkers. In their study, Gukasjan et al. found that PSP outperformed
WBC, CRP, PCT and IL-6 for the prediction of the severity and prognosis
of infection [6]. Pugin et al. have also showed that PSP predicted sepsis
in a more timely manner than CRP and PCT [4]. Additionally, besides
the analysis of intra-abdominal infections only, we also performed an
analysis both intra- and extra-abdominal infectious episodes. In fact, in
the “real life” clinical setting, patients hospitalized in the ICU with
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severe intra-abdominal complications often suffer from extra-abdominal
infections, which are equally crucial to diagnose in the same way as
intra-abdominal infections. The higher mortality rate among patients
with all types of infections (16.2%) compared to those with intra-
abdominal infections only (13.2%) further supports this fact.

In conclusion, the present study further supports the role of PSP as a
marker of severe infection and predictor of outcome in ICU patients,
including among those with other stress conditions that may affect PSP
levels, such as recurrent abdominal surgery and/or acute necrotizing
pancreatitis. As the performance in ROC curves (AUC around 70%) is
moderate, PSP should be interpreted in conjunction with other clinical
indices or biological markers of severity of infection. Serial measure-
ment of PSP may be useful for the early detection of sepsis in this latter
category of patients at high risk of severe infections.
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