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Abstract: A biomarker for risk stratification and disease severity assessment in SARS-CoV-2 infections
has not yet been established. Point of care testing (POCT) of butyrylcholinesterase (BChE) enables
early detection of systemic inflammatory responses and correlates with disease severity in sepsis
and burns. In acute care or resource-limited settings, POCT facilitates rapid clinical decision making,
a particularly beneficial aspect in the management of pandemic situations. In this prospective
observational study, POCT-measured BChE activity was assessed in 52 critically ill COVID-19 patients
within 24 h of ICU admission and on the third and seventh day after ICU admission. Forty (77%) of
these patients required venovenous extracorporeal membrane oxygenation (vvECMO). In critically ill
COVID-19 patients, BChE activity is significantly decreased compared with healthy subjects, but also
compared with other inflammatory conditions such as sepsis, burns, or trauma. POCT BChE activity
reflects the severity of organ dysfunction and allows prediction of 28-day mortality in critically ill
COVID-19 patients. Implementing early POCT BChE measurement could facilitate risk stratification
and support admission and transfer decisions in resource-limited settings.

Keywords: COVID-19; sepsis; butyrylcholinesterase; point of care testing

1. Introduction

The clinical heterogeneity of symptom severity and unpredictable disease dynamics are
major challenges for the medical treatment of Coronavirus disease 19 (COVID-19) patients.
SARS-CoV-2 infection inflicts an excessive inflammatory response that underlies COVID-
19 associated acute respiratory distress syndrome (ARDS) and multiple organ failure [1,2].
Biomarkers in COVID-19 patients enabling early risk stratification before clinical deteriora-
tion are still a matter of scientific debate. Diagnostic point-of-care testing (POCT) facilitates
quick clinical decision making in acute care or resource-limited settings—a particularly ad-
vantageous aspect proposed for managing pandemic situations [3]. The cholinergic system
plays an essential role in modulating an adequate immune response during systemic in-
flammation [4,5]. Serum cholinesterase (butyrylcholinesterase, BChE, also known as ChE or
pseudocholinesterase), an acetylcholine hydrolyzing enzyme, has been repeatedly described
as a clinically relevant and prognostic biomarker in acute inflammatory entities such as sepsis,
trauma, and burns [6–10]. Therefore, BChE activity might reflect nonneuronal cholinergic
activity during systemic inflammation [11,12].

Based on their observations in 26 COVID-19 patients in spring 2020, Nakajima et al.
proposed conventionally-measured BChE levels to be a prognostic biomarker for severity
and mortality in COVID-19 [13]. The role of cholinergic regulation in COVID-19 patho-
physiology is not yet understood but has been proposed as a possible approach for future
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therapies [14–16]. Furthermore, Sridhar and Lakshmi have discussed the influence of dif-
ferent genetic expressions of BChE on the course of COVID-19 infection. It is possible that
some variants lead to cholinergic dysfunction, and the prognosis of these patients could
be negatively affected by an increased COVID-19-associated cytokine storm [17]. POCT-
measured BChE activity can facilitate the early detection of systemic inflammation and
correlates with disease severity and patient outcome in sepsis, trauma, and burns [7,9,10].
The integration of POCT-measured BChE in the emergency and critical care workflow
could help in identifying patients at risk for deterioration and adverse outcomes [7,10].
Given the previous results of POCT-measured BChE in septic patients [9,18], we conducted
a monocentric prospective observational study from April 2020 to April 2021 to evaluate
an association between POCT-measured BChE and organ dysfunction severity in septic
COVID-19 patients. Here, we report the results of POCT-measured BChE activity obtained
from critically ill COVID-19 patients treated in a German tertiary medical center on a
specialized acute respiratory distress syndrome (ARDS) intensive care unit (ICU).

2. Materials and Methods

This monocentric, prospective observational study was conducted from April 2020 to
April 2021 at the ICU of the department of anesthesiology and intensive care medicine,
University Hospital Essen, University Duisburg-Essen, Germany. The study was conducted
in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics
Committee of the medical faculty of the University Duisburg-Essen (ethic committee number:
20-9242-BO, date of approval: 20 April 2020). The study was registered in the German Clinical
Trials Registry (German Clinical Trials Registry number: DRKS-ID: DRKS00022441).

2.1. Hospital Settings

The University Hospital Essen is a tertiary care medical center. The ICU operated
by the department of anesthesiology and intensive care medicine is part of the West
German Center for Infectious Diseases. Imbedded in the medical care strategy of University
Hospital Essen, the department treated severely ill SARS-CoV-2 patients from the beginning
of the COVID-19 pandemic. The department is a regional ARDS referral center with
extracorporeal membrane oxygenation (ECMO) therapy specialization, with more than
100 ECMO procedures per year. The department offers a 24/7-critical care ARDS-transport
system with a mobile ECMO unit (Cardiohelp ©, Getinge, Rastatt, Germany). The ECMO is
capable of self-sufficient operation for several hours with a powerful battery and a mobile
oxygen supply. The ECMO indication is made on site following patient evaluation and
consultation, together with the treating physicians. After starting ECMO therapy, the
patient is transferred to our center by intensive care transport via ground or air ambulance.
These transports are performed by two physicians, one of whom is a board-certified senior
physician in intensive care medicine, and two paramedics. For the intensive care unit,
a senior physician with German specialist qualification in “intensive care medicine” is
available on site during daytime and on call at night [19].

2.2. Patients Recruitement

Patients were consecutively included in this study from April 2020 until April 2021.
Inclusion criteria consisted of SARS-CoV-2 infection verified with polymerase chain reaction
(PCR) testing, sequential organ failure assessment score (SOFA score) > 2, and age over
18 years. Patients or their legal guardians gave informed consent to study participation. In
cases in which patients without a legal guardian were unable to consent, an independent
medical consultant approved study participation according to the regulations of the medical
faculty of the University Duisburg-Essen. Following recovery, previously unable patients
for consent were asked to consent in study participation. Exclusion criteria included patient
refusal, probable discharge from the ICU within 72 h after admission, pregnancy, palliative
therapy approach, and imminent death of the patient.
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2.3. Patients Treatment

All patients admitted to the ICU were treated according to a standardized treatment
protocol [19]. All patients received comprehensive laboratory diagnostics, microbiological
examinations, invasive monitoring, and ultrasound examinations of the lungs and heart on
admission [19]. The indication for endotracheal intubation and invasive ventilation was
given by the attending intensivist [19]. Lung protective invasive ventilation was performed
with a tidal volume of 6 mL/kg ideal body weight and optimal PEEP [19]. In COVID-19 pa-
tients with moderate or severe ARDS, prone positioning was performed with a duration
of 16 h [19]. In case of clinical improvement (defined as improvement in PaO2/FiO2, im-
provement in dynamic lung compliance), prone positioning was continued for at least three
days [18]. Pulmonary hypertension was assessed by echocardiography or pulmonary artery
catheterization [19]. In cases with moderate/severe ARDS and pulmonary hypertension,
we administered inhaled nitric oxide (NO) [19] and inhaled prostacyclin analogs. ECMO
indication was based on Extracorporeal Life Support Organization (ELSO) recommenda-
tions and failure of conservative therapy and/or cardio-pulmonary deterioration [20]. The
cannulation for ECMO therapy was performed bifemoral or femoro-jµgular.

Interdisciplinary COVID-19 treatment comprised the latest recommendations for
COVID-19 therapy according to the current scientific level of knowledge, April 2020 until
April 2021 [21]. Remdesivir, hydrocychloroquine, and reconvalescent plasma were used
in our study population. All patients received heparin. For patients receiving vvECMO
therapy, effective heparin anticoagulation was adapted accordingly.

2.4. Data Acquisition

Demographic data and clinical parameters were recorded as part of the clinical routine.
The Charlson Comorbidity Index (CCI) was used to categorize preexisting conditions.
Severity of illness was estimated using the modified SOFA score [22]. This modification
allowed us to calculate the SOFA for patients in which the neurologic status was docu-
mented by the RASS rather than the Glasgow Coma Scale (GCS). For patients treated with
venovenous extracorporeal membrane oxygenation (vvECMO), we adjusted the SOFA
score and assigned an additional point. With this modification of the SOFA score, the theo-
retical maximum score increases from 24 to 25. ARDS was defined according to the Berlin
definition of the American-European Consensus Conference [23]. For patients treated with
venovenous extracorporeal membrane oxygenation (vvECMO), we adjusted the SOFA score
and awarded one extra point. According to the recommendations reported by MacIntyre,
all patients were followed for up to 28 days [24].

2.5. POCT BChE Measurements

Blood samples for the POCT BChE analysis were collected within 24 h following
ICU admission (day 1) on day 3 and on day 7 following ICU admission, once per day.
After routine blood gas analysis was performed, 10 uL of whole blood was collected
from the sample for POCT-based measurement of BChE activity. Two independent POCT
measurements were performed using the “LISA-CHE” POCT device (Version: TD 12.CHE
11.1–17.09; Dr. Franz Köhler Chemie GmbH, Germany; CE: according to the requirements
of the directive 98/79 EG Declaration of Conformity according to Directive 98/79 EG Annex
I/Annex III) according to the manufacturer manual. POCT BChE is expressed in kU/l.

BChE Data from Healthy Volunteers

Presented data from 40 healthy volunteers have previously been published by Zivkovic
et al. [18].

2.6. Statistical Analysis

Data were entered into an electronic database (Microsoft Access, Microsoft Corp.,
Redmond, WA, WA) and evaluated using GraphPad Prism version 9.0 for Mac (GraphPad
Software, La Jolla, CA, USA, http://www.graphpad.com, July 18, 2022). Data are presented

http://www.graphpad.com
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as median with interquartile range (IQR). D’Agostino and Pearson’s omnibus normality
test were used to check for Gaussian distribution. Statistical significance was tested using
a Mann–Whitney test, and correlation analysis was performed using Spearman’s rank
correlation test. A p value < 0.05 indicates statistical significance. The survival time
analyzes were tested using Kaplan–Mayer curves and the logrank test (Mantel–Cox test).

3. Results
3.1. Characteristics of Critically Ill COVID-19 Patients

In total, 54 critically ill COVID-19 patients were included from April 2020 until April
2021. Two patients were subsequently excluded due to later refusal to consent to participate.
According to the world health organization (WHO) COVID-19 severity classification, six
patients were severely ill (oxygen requirement via mask or glasses) and 46 were critically ill
(ventilation and/or vvECMO therapy) with COVID-19. Six patients were admitted directly
to our ICU following triage in our emergency department or clinical deterioration on the
COVID-19 intermediate care units of the University Hospital Essen. Forty-six patients were
transferred to our department from referring hospitals due to severe COVID-19 with ARDS.
VvECMO therapy due to severe ARDS was started by our mobile ECMO team in 25 external
admissions. Demographic, clinical, and outcome patient data are depicted in Table 1.

Table 1. Characteristics of critically ill COVID-19 patients. * Median (interquartile range). CCI—
Charlson Comorbidity Index; BMI—Body mass index; SOFA—the sequential organ failure assessment
score; PCT—procalcitonin; IL 6—Interleukin 6; WBC—white blood cells; CRP—C-reactive protein;
vvEVMO—venovenous extracorporeal membrane oxygenation; BChE—butyrylcholinesterase.

Characteristics of Critically ill COVID-19 Patients

number of patients (n) 52

age (years) 59 (51–66)
male 36 (69%)

clinical data
CCI 2 (2–3)

BMI (kg/m2) 31 (28–36)
at ICU admission

spontaneous breathing
oxygen dependent 6 (11.5%)

ventilated 46 (88.5 %)
non-invasive 6 (11.5%)

invasive 40 (77%)
vvECMO during ICU stay 40 (77%)
initiation at referring ICU 25 (48%)

initiation after ICU admission 15 (28%)
outcome

28-day survivors 19 (36 %)
disease severity day 1 day 3 day 7

SOFA Score * 13 (10–15)
n = 52

12 (10–14)
n = 52

12 (9–15)
n = 48

inflammation
parameters day 1 day 3 day 7

PCT * (ng/mL) 1.3 (0.45–2.3) 0.7 (0.3–1.5) 0.8 (0.3–2.8)
WBC * (nL−1) 11.9 (9.3–17.0) 12.9 (9.0–15.5) 13.4 (9.9–21.0)
CRP * (mg/L) 22.2 (12.8–29.4) 13.9 (7.4–22.5) 15.9 (9.2–27.6)
IL 6 * (pg/mL) 154.5 (53.2–403.1) 140.0 (71.2–404.6) 243.3 (115.8–687.0)
BChE * (U/L) 1.308 (923–1.618) 1180 (773–1.493) 1076 (862–1.476)

3.2. BChE Activity Is Significantly Reduced in Critically Ill COVID-19 Patients

Compared to previously reported BChE activity levels in healthy volunteers (n = 40) [18],
critically ill COVID-19 patients (n = 52) showed a significantly reduced BChE activity within
24 h following ICU admission (=day 1) (BChE activity is shown as median and interquartile
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range (IQR); healthy volunteers: 2.966 U/l (2.710–3.236) vs. critically ill COVID-19 patients:
1.311 U/l (941–1.629), p < 0.05; Figure 1A). Critically ill COVID-19 patients on vvECMO
support on day 1 (n = 39) demonstrated an even more pronounced BChE activity reduction
compared to healthy controls (healthy volunteers: 2.966 U/l (2.710–3.236) vs. critically ill
COVID-19 patients on vvECMO support: 1.264 U/l (917–1.456), p < 0.05; Figure 1B). These
findings were confirmed for respective comparisons on day 3 and day 7, revealing a sustained
reduction in BChE activity in critically ill COVID-19 patients (day 3: 1.180 U/l (773–1.493) and
day 7: 1.076 U/l (862–1.476); data not shown). We could not detect any significant difference
in BChE activity between women and men in critically ill COVID-19 patients (women vs. men
on day 1: 1341 U/I (815–1.530, n = 16) vs. 1305 U/I (981–1.697, n = 35), on day 3: 1210 U/l
(735–1591, n = 16) vs. 1155 U/l (786–1.360, n = 36) and on day 7: 1063 U/l (839–1.391, n = 14)
vs. 1076 U/l (856–1.496, n = 34)).
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Figure 1. BChE activity in critically ill COVID-19 patients compared to healthy volunteers. Scatterplots
represent POCT-based measurements of BChE activity in all critically ill COVID-19 patients (n = 52);
(A) and in critically ill COVID-19 patients with vvECMO therapy (n = 39); (B) compared to previously
published healthy volunteers (n = 40) [18] 24 h after ICU admission. * p < 0.05. Mann–Whitney U-Test.

3.3. BChE Activity Correlates with Disease Severity in Critically Ill COVID-19 Patients

Analysis showed a negative correlation between BChE activity and SOFA scores at
each observation time point following ICU admission (within the first 24 h: r = −0.60, on
day 3: r = −0.35 and on day 7: r = −0.47; Spearman’s rank correlation test, Figure 2A–C).

3.4. Critically Ill COVID-19 Patients Requiring vvECMO Support Demonstrated a Lower BChE
Activity Compared to Patients without vvECMO Support

Critically ill COVID-19 patients who did not require vvECMO therapy during the
observation period of 28 days (n = 12) showed a significantly higher BChE activity compared
to patients with vvECMO therapy on day 1 (critically ill COVID-19 patients without
vvECMO support: 1.713 U/l (971–1.925) vs. critically ill COVID-19 patients on vvECMO
support (n = 39): 1.264 U/l (916–1.456), p < 0.05; Figure 3A) and on day 3 (critically ill
COVID-19 patients without vvECMO support: 1.447 U/l (1.125–1.754) vs. critically ill
COVID-19 patients on vvECMO support (n = 40): 1.073 U/l (735–1.307), p < 0.05; Figure 3B).
There was no difference in BChE activity between patients with and without vvECMO
on day 7 after ICU admission (critically ill COVID-19 patients without vvECMO support
(n = 7): 1.237 U/l (843–1.634) vs. critically ill COVID-19 patients on vvECMO support
(n = 38): 1.020 U/l (833–1.323)). Thereafter we compared the BChE activity regarding the
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start time of the vvECMO therapy in critically ill COVID-19 patients during the observation
period of 28 days. Patients admitted to our ICU on vvECMO support demonstrated a
comparable BChE activity to those patients who required vvECMO therapy in the days
following admission to our department (BChE activity in patients admitted with vvECMO
(n = 25): 1.305 U/l (885–1.555) vs. patients that required vvECMO therapy in the days
following admission (n = 15): 1.155 U/l (815–1.393); data not shown).
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Figure 2. Correlation analysis of BChE activity with SOFA score-based assessment of disease severity in
critically ill COVID-19 patients. Correlation of BChE activity with the SOFA score on day 1 (n = 52); (A);
r = −0.60, on day 3 (n = 52); (B); r = −0.35 and on day 7 (n = 48); (C); r= −0.47; p < 0.05; Spearman’s rank
correlation test.
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the BChE activity in critically ill COVID-19 patients who did not require vvECMO therapy during
the observation period of 28 days (n = 12) compared to patients with vvECMO on day 1 (1.713 U/L
(971–1.925) vs. patients on vvECMO support (n = 39): 1.264 U/L (916–1.456)); (A) and on day 3 after ICU
admission (1.447 U/L (1.125–1.754) vs. patients on vvECMO support (n = 40): 1.073 U/L (735–1.307));
(B).* p < 0.05 Mann–Whitney U-Test.

3.5. BChE Activity Reflects Level of Norepinephrine Support on Day Seven following ICU Admission

BChE activity corresponds to the level of norepinephrine support on day 7 follow-
ing ICU admission. Cardiocirculatory compromised COVID-19 patients receiving high
doses of norepinephrine (>0.3 µg/kg/min, n = 6) showed much lower BChE activity com-
pared to those who needed low-dose norepinephrine support (<0.3 µg/kg/min, n = 42)
(BChE activity in cardiocirculatory compromised COVID-19 patients with norepinephrine
>0.3 µg/kg/min (n = 6): 530 U/l (373–1.275) vs. critically ill COVID-19 patients with
norepinephrine <0.3 µg/kg/min (n = 42): 1.113 U/l (871–1.496), p < 0.05; Figure 4).
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Figure 4. BChE activity reflects level of norepinephrine support on day 7 following ICU. Scatterplots
represent the BChE activity in cardiocirculatory compromised COVID-19 patients with need for
higher doses of norepinephrine (>0.3 µg/kg/min, n = 6) compared to critically ill COVID-19 patients
with low-dose norepinephrine therapy (<0.3 µg/kg/min, n = 42) (BChE activity: 530 U/l (373–1.275)
vs. 1.113 U/L (871–1.496)). * p < 0.05 Mann–Whitney U-Test).
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3.6. BChE Activity Correlates with C-Reactive Protein and Procalcitonin Levels

BChE activity correlated negatively with inflammation biomarkers C-reactive protein
(CRP) (r = −0.54; Spearman’s rank correlation test; Figure 5A) and procalcitonin (PCT)
(r= −0.67; Spearman’s rank correlation test; Figure 5B) on day 7 after ICU admission. We
observed no correlation between BChE activity and CRP or PCT on day 1 or 3 and as well as
white blood cell count (WBC) during the 7 days after ICU admission. Surprisingly, we could
not find any correlation between BChE activity and Interleukin-6 (IL 6), an inflammation
marker often associated with the COVID-19-related cytokine storm.
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Figure 5. Correlation analysis of BChE activity with CRP and PCT levels in critically ill COVID-
19 patients. Correlation of BChE activity with CRP (r = −0.54); (A) and with PCT (r = −0.67); (B) on
day 7; p < 0.05, Spearman’s rank correlation test.

3.7. BChE Activity Measured within 24 h after Admission Identifies Survivors and Predicts
Treatment Outcome

Critically ill COVID-19 patients with BChE activity greater than 1.557 U/l measured
within the first 24 h after admission lived significantly longer than patients with BChE
activity below 1.557 U/l (survival in days as median; BChE activity >1.557 U/l (n = 14):
28 days vs. BChE activity < 1.557 U/l (n = 38): 15 days, p < 0.05, Figure 6).
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Figure 6. Kaplan–Mayer analysis showing the survival of critically ill COVID-19 patients with BChE
activity > 1.557 U/l versus the survival of patients with BChE activity < 1.557 U/l. We demonstrated
a survival advantage for BChE activity levels greater than 1.557 U/l measured 24 h after admission
(BChE activity > 1.557 U/l in red (n = 14) vs. BChE activity < 1.557 U/l in black (n = 38), survival in
days as median: 28 vs. 15, p < 0.05). The survival time analyzes were tested using Kaplan–Mayer
curves and the logrank test (Mantel–Cox test).

4. Discussion

We present the first data on POCT-measured BChE activity in critically ill COVID-19
patients with ARDS and vvECMO support. Critically ill COVID-19 patients demonstrated
a marked reduction in BChE activity compared to healthy volunteers. vvECMO support
and vasopressor dependency were associated with an even more pronounced decrease in
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BChE activity. BChE levels correlated negatively with common inflammation biomarkers
such as CRP and PCT. The key finding is that the observed low level of BChE activity
reflects organ dysfunction severity in critically ill COVID-19 patients. In addition, higher
BChE activity was associated with higher survival.

Serum cholinesterase or BChE has been repeatedly demonstrated to be a prognostic
biomarker reflecting disease severity in acute inflammatory entities such as sepsis, trauma,
and burns [7,9,10,18,25]. Previous studies showed a distinctive pattern in BChE activity
change kinetics upon an inflammatory challenge, characterizing BChE as a negative acute
phase protein. Following an initial decrease in BChE levels, sustained low levels were
associated with higher morbidity and mortality, whereas an increase of serum BChE
levels during the time-course of the disease was proposed to reflect recovery and better
outcome [9,18]. During the SARS-CoV-2 pandemic in 2020, it became apparent that critically
ill patients develop an excessive hyperinflammation that causes viral sepsis with ARDS [26].
Biomarkers for early detection of COVID-19 patients at risk are still the subject of scientific
debate today [27,28]. Given the limited pharmacologic options and the short time window
to attenuate hyperinflammation in SARS-CoV-2 infections, early recognition of patients at
risk for deterioration is essential. Identifying COVID-19 patients at risk of developing a
severe disease course remains a major challenge for attending physicians in intensive care
units. Therefore, a simple bedside test for the inflammatory response could facilitate early
clinical severity assessment and risk stratification. In resource-limited situations such as in
a pandemic, the integration of POCT assays in the emergency and critical care workflow
could be beneficial for risk stratification [3].

Based on their observation in 11 mild-to-moderate and 15 severe COVID-19 patients,
Nakajima et al. already proposed in 2020 that early determination of cholinesterase could
be used to assess COVID-19 prognosis at the time of hospital admission [13]. COVID-
19 patients with severe symptoms had lower serum cholinesterase levels than patients
with mild symptoms, and patients who later died showed lower serum cholinesterase
levels than survivors [13]. Our group has previously demonstrated that POCT-based
BChE measurements could facilitate early detection of an emerging inflammatory response
in patients with sepsis, major trauma, and burns [7,10,18,25]. POCT-measured BChE
levels correlated repeatedly with injury and organ dysfunction severity in critically ill
patients and showed discriminative as well as prognostic power regarding morbidity
and mortality [7,9,25]. The present results underline the benefit of a POCT-based BChE
assessment of disease severity, even in COVID-19 patients. This is illustrated by the
correlation between SOFA score and BChE activity in critically ill COVID-19 patients
(Figure 2). Thus, POCT-based BChE measurement enables assessment of disease severity
in critically ill COVID-19 patients quickly and with little effort immediately at the bedside.

We proposed that POCT-measured BChE activity complements conventionally available
methods to identify patients at risk for adverse outcomes due to acute inflammatory diseases.

The first striking observations in this study are the low POCT BChE activity levels in
our cohort of critically ill COVID-19 patients compared with our previous observations
in septic, trauma, and burn patients as well as healthy subjects [7,9,10,18]. We have
demonstrated that BChE activity is a predictor for 28- and 90-day mortality in patients
with burns or sepsis. A BChE activity cut-off value of 1.661 kU/L at the clinical onset of
sepsis with an ICU admission and BChE cut-off value of 2.644 kU/L in the emergency
room following a severe burn trauma were predictive for a potentially fatal outcome [7,9].
To date, data on BChE levels as a biomarker in patients with ECMO therapy are limited.
In 2014, Distelmaier et al. demonstrated a strong inverse association between BChE levels
and short-term mortality as well as long-term mortality in patients undergoing vaECMO
support after cardiovascular surgery [29].

BChE activity in this cohort of critically ill COVID-19 patients were consistently
lower than the previously reported cut-off values in sepsis and burns. Nevertheless,
POCT BChE measurements allowed reliable prognostic prediction of 28-day mortality in
critically ill COVID-19 patients. Critically ill COVID-19 patients with BChE activity levels
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greater than 1.557 U/l measured 24 h after admission had a significantly higher 28-day
survival rate (Figure 6). This finding highlights the prognostic power of POCT-based
BChE measurements. Furthermore, BChE measurement provides a rapid and cost-effective
prognostic information in critically ill COVID-19 patients within the first 24 h after ICU
admission. Thus, the correlations of BChE activity with organ dysfunction, disease severity
and survival are in line with previous results in sepsis, trauma, and burn patients [7,9,25].
Our observation that patients with vvECMO support showed an even greater reduction in
BChE activity may further reflect the severity of organ failure. These results underline the
ability of POCT BChE as a bedside biomarker for organ dysfunction severity. Furthermore,
our study could demonstrate the predictive power of POCT BChE measurement in relation
to mortality in critically ill COVID-19 patients.

We observed a 64% 28-day mortality rate in the patient cohort of our study. Com-
parable mortality rates of up to 71 % in critically ill COVID-19 patients with vvECMO
therapy were already observed in a large nation-wide German study with over 10,000
COVID-19 patients [30]. Accordingly, the analyses of an observational study at 26 German
ECMO centers show that in high-volume centers such as ours (defined as specialized
ECMO centers with more than 50 vvECMO therapies in 2019) 38% of COVID-19 vvECMO
patients survived [31]. The timing of BChE measurement during SARS-CoV-2 infection in
this study is a crucial factor for the interpretation of our data: previous studies evaluated
BChE early in acute inflammatory entities, while most COVID-19 patients in our study
may have been infected with SARS-CoV-2 for weeks and had already been treated in other
intensive care units for several days before being transferred to our department. Therefore,
the heterogeneity in our cohort of critically ill COVID-19 patients treated in a regional
ARDS referral center regarding their individual illness time-course is a limitation of our
study. Our results therefore present BChE activity levels in late COVID-19 following near
fatal clinical deterioration with severe organ dysfunction.

BChE activity has been proposed as a possible readout of the cholinergic inflammatory
response during inflammation [32,33]. Associations between cholinergic neuro-immunological
function and COVID-19 hyperinflammation have been discussed recently [26]. Pomara and
Imbimbo describe the association between older age and Alzheimer’s disease as well as a
downregulated cholinergic anti-inflammatory pathway [34]. A deficiency or loss of cholinergic
reaction could explain an increase in proinflammatory cytokines and the COVID-19-associated
high mortality in elderly patients [34]. The authors do not specify at which age a patient has to
be considered old, and therefore at what age a downregulated cholinergic anti-inflammatory
pathway is to be assumed. In our study group, no patient had Alzheimer’s disease—the
oldest study patient was 66 years old. We cannot provide data regarding the initial emergency
or hospital admission BChE levels of our patients, but we presume that our results mirror the
observations of Nakajima et al. in COVID-19 patients [13]. Furthermore, we propose that the
low BChE levels and their trends might reflect a depleted immune response in our cohort
of critically ill COVID-19 patients. Based on our results and previous data, such as those of
Nakajima et al. [13], we sµggest that POCT BChE activity could facilitate early recognition of
patients at risk for clinical deterioration, supporting hospital transfer decision making and the
use of healthcare resources in patients suffering from COVID-19.

Clinical scores for prognostic assessment, such as the SOFA score, are effective tools in
critically ill ICU patients. However, they usually require a certain number of laboratory
values (e.g., platelet count and cretainin value). These values are simple to determine but
are associated with a certain time latency. In contrast, POCT-based BChE measurements
might provide a reliable, cost-effective, and immediately available evaluation of disease
severity as well as a prognostic risk stratification for COVID-19 patients.

Pharmacologic treatment approaches activating cholinergic anti-inflammatory mecha-
nisms are discussed for COVID-19 pneumonia, and POCT BChE might represent a biomarker
for the assessment of treatment efficiency [17]. In a major review, Hoover described in detail
the possibilities of pharmacologically activating cholinergic anti-inflammatory mechanisms.
Direct cholinergic stimulation with nicotine remained ruled out due to the unfavorable side
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effect profile [4]. Cholinergic immunomodulation with cholinesterase inhibitors such as
physostigmine could potentially be used to treat severely ill COVID-19 patients [34]. An
appropriate therapy response could then possibly be monitored by bedside BChE measure-
ment. The application of heparin in COVID-19 to prevent thromboembolic events is an
integral part of current therapy. Paollisso et. al. discussed the anti-inflammatory effect
of low molecular weight heparin [35]. An anti-inflammatory effect also appears to be
present in patients with COVID-19, regardless of whether unfractionated or low molecular
weight heparin is administered [36]. Patients in our study received unfractionated heparin;
therefore, an anti-inflammatory effects of heparin that might influence BChE activity cannot
be excluded.

We do not rule out further possible confounding effects on BChE activity in our pa-
tients. Hemodilution due to fluid resuscitation as well as an increased transcapillary loss,
blood transfusions, impaired liver function (required for the BChE synthesis), and underly-
ing genetic BChE phenotypes must be considered as limitations for data interpretation.

POCT-based BChE measurement has an as-yet unexploited potential to provide simple
and cost-effective assessment of disease severity and prognosis in acute inflammatory
disease entities and clinical settings. Further evaluation of this POCT concept in patients in
emergency medicine and in different patient groups during critical care therapy, including
pediatric as well as geriatrics, present future research opportunities.

5. Conclusions

This study demonstrates POCT BChE activity as an inflammatory biomarker in crit-
ically ill COVID-19 ARDS patients. POCT BChE activity reflects the severity of organ
dysfunction and enables a 28-day mortality prognosis of critically ill COVID-19 patients.
Persistently low BChE activity levels might signal immune response exhaustion. Early
POCT BChE measurement could facilitate risk stratification and help admission and transfer
management decisions in resource-limited situations.

Author Contributions: F.E., K.S. and T.B. contributed to the conception of the study; A.R.Z., D.K.,
L.G. and H.K. conducted the data collection; F.E., K.S. and A.S. supervised the data collection
and conducted the data analysis; F.E. and K.S. wrote the article. All authors contributed to the
interpretation of the data and revised the article for important intellectual aspects. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of the medical faculty of the University
Duisburg-Essen (ethic committee number: 20-9242-BO, date of approval: 20 April 2020).

Informed Consent Statement: Informed consent was obtained from all patients, or their legal
guardians, involved in the study. In cases in which patients without a legal guardian were unable to
consent, an independent medical consultant approved study participation according to the regulations
of the medical faculty of the University Duisburg-Essen. Following recovery, previously unable
patients for consent were asked to consent in study participation.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Acknowledgments: This work has been supported by Jansje Schwab and Rebecca Schulz, Depart-
ment of Anesthesiology and Intensive Care Medicine, University Hospital Essen, University of
Duisburg-Essen, Essen, Germany.



Diagnostics 2022, 12, 2150 12 of 13

Conflicts of Interest: Thorsten Brenner received honoraria for invited academic conference lectures
from CSL Behring GmbH, Schöchl medical education GmbH, Biotest AG, Baxter Deutschland GmbH,
Boehringer Ingelheim Pharma GmbH, Astellas Pharma GmbH, B. Braun Melsungen AG, MSD
Sharp & Dohme GmbH, Akademie für Infektionsmedizin e.V., and Sedana Medical Germany GmbH.
Thorsten Brenner is a consultant for Baxter Deutschland GmbH. Thorsten Brenner received research
funding from German Research Foundation (DFG), Dietmar Hopp Foundation, University of Essen
Medical Foundation, Heidelberg Surgery Foundation, and the Innovation Fund of the Joint Federal
Committee (G-BA). Karsten Schmidt received honoraria for invited academic conferences lecture
from Franz Köhler Chemie GmbH, Germany. Karsten Schmidt received research funding from
Stiftung Universitätsmedizin Essen and Heidelberger Stiftung Chirurgie. The funders had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results. Florian Espeter, David Künne, Lena Garczarek,
Henning Kuhlmann, Annabell Skarabis, and Aleksandar R. Zivkovic declare no conflict of interest.

References
1. Gustine, J.N.; Jones, D. Immunopathology of Hyperinflammation in COVID-19. Am. J. Pathol. 2021, 191, 4–17. [CrossRef]
2. Mishra, K.P.; Singh, A.K.; Singh, S.B. Hyperinflammation and Immune Response Generation in COVID-19. Neuroimmunomodula-

tion 2020, 27, 80–86. [CrossRef] [PubMed]
3. Rajsic, S.; Breitkopf, R.; Bachler, M.; Treml, B. Diagnostic Modalities in Critical Care: Point-of-Care Approach. Diagnostics 2021, 11,

2202. [CrossRef] [PubMed]
4. Hoover, D.B. Cholinergic Modulation of the Immune System Presents New Approaches for Treating Inflammation. Pharmacol.

Ther. 2017, 179, 1–16. [CrossRef] [PubMed]
5. Pereira, M.R.; Leite, P.E.C. The Involvement of Parasympathetic and Sympathetic Nerve in the Inflammatory Reflex. J. Cell.

Physiol. 2016, 231, 1862–1869. [CrossRef]
6. Bahloul, M.; Baccouch, N.; Chtara, K.; Turki, M.; Turki, O.; Hamida, C.B.; Chelly, H.; Ayedi, F.; Chaari, A.; Bouaziz, M. Value of

Serum Cholinesterase Activity in the Diagnosis of Septic Shock Due to Bacterial Infections. J. Intensive Care Med. 2017, 32, 346–352.
[CrossRef]

7. Schmidt, K.; Zivkovic, A.R.; Thiele, M.; Horter, J.; Brenner, T.; Weigand, M.A.; Kleinschmidt, S.; Hofer, S. Point-of-Care Measured
Serum Cholinesterase Activity Predicts Patient Outcome Following Severe Burns. Burns 2021, 47, 863–872. [CrossRef]

8. Zhang, Q.-H.; Li, A.-M.; He, S.-L.; Yao, X.-D.; Zhu, J.; Zhang, Z.-W.; Sheng, Z.-Y.; Yao, Y.-M. Serum Total Cholinesterase Activity on
Admission Is Associated with Disease Severity and Outcome in Patients with Traumatic Brain Injury. PLoS ONE 2015, 10, e0129082.
[CrossRef]

9. Zivkovic, A.R.; Decker, S.O.; Zirnstein, A.C.; Sigl, A.; Schmidt, K.; Weigand, M.A.; Hofer, S.; Brenner, T. A Sustained Reduction
in Serum Cholinesterase Enzyme Activity Predicts Patient Outcome Following Sepsis. Mediat. Inflamm. 2018, 2018, 1942193.
[CrossRef]

10. Zivkovic, A.R.; Schmidt, K.; Stein, T.; Münzberg, M.; Brenner, T.; Weigand, M.A.; Kleinschmidt, S.; Hofer, S. Bedside-Measurement
of Serum Cholinesterase Activity Predicts Patient Morbidity and Length of the Intensive Care Unit Stay Following Major
Traumatic Injury. Sci. Rep. 2019, 9, 10437. [CrossRef]

11. Ofek, K.; Krabbe, K.S.; Evron, T.; Debecco, M.; Nielsen, A.R.; Brunnsgaad, H.; Yirmiya, R.; Soreq, H.; Pedersen, B.K. Cholinergic
Status Modulations in Human Volunteers under Acute Inflammation. J. Mol. Med. 2007, 85, 1239–1251. [CrossRef] [PubMed]

12. Shenhar-Tsarfaty, S.; Berliner, S.; Bornstein, N.M.; Soreq, H. Cholinesterases as Biomarkers for Parasympathetic Dysfunction and
Inflammation-Related Disease. J. Mol. Neurosci. 2014, 53, 298–305. [CrossRef] [PubMed]

13. Nakajima, K.; Abe, T.; Saji, R.; Ogawa, F.; Taniguchi, H.; Yamaguchi, K.; Sakai, K.; Nakagawa, T.; Matsumura, R.; Oi, Y.; et al.
Serum Cholinesterase Associated with COVID-19 Pneumonia Severity and Mortality. J. Infect. 2021, 82, 282–327. [CrossRef]
[PubMed]

14. Courties, A.; Boussier, J.; Hadjadj, J.; Yatim, N.; Barnabei, L.; Péré, H.; Veyer, D.; Kernéis, S.; Carlier, N.; Pène, F.; et al. Regulation of
the Acetylcholine/A7nAChR Anti-Inflammatory Pathway in COVID-19 Patients. Sci. Rep. 2021, 11, 11886. [CrossRef] [PubMed]

15. Di Maro, M.; Cataldi, M.; Santillo, M.; Chiurazzi, M.; Damiano, S.; De Conno, B.; Colantuoni, A.; Guida, B. The Cholinergic and
ACE-2-Dependent Anti-Inflammatory Systems in the Lung: New Scenarios Emerging From COVID-19. Front. Physiol. 2021, 12, 653985.
[CrossRef] [PubMed]

16. Qin, Z.; Xiang, K.; Su, D.-F.; Sun, Y.; Liu, X. Activation of the Cholinergic Anti-Inflammatory Pathway as a Novel Therapeutic
Strategy for COVID-19. Front. Immunol. 2021, 11, 595342. [CrossRef]

17. Sridhar, G.R.; Lakshmi, G. Influence of Butyryholcholinesterase on the Course of COVID-19. Biomed. Rev. 2021, 32, 37–46.
18. Zivkovic, A.R.; Schmidt, K.; Sigl, A.; Decker, S.O.; Brenner, T.; Hofer, S. Reduced Serum Butyrylcholinesterase Activity Indicates

Severe Systemic Inflammation in Critically Ill Patients. Mediat. Inflamm. 2015, 2015, 274607. [CrossRef]
19. Herbstreit, F.; Overbeck, M.; Berger, M.M.; Skarabis, A.; Brenner, T.; Schmidt, K. Characteristics of Critically Ill Patients with

COVID-19 Compared to Patients with Influenza—A Single Center Experience. J. Clin. Med. 2021, 10, 2056. [CrossRef]

http://doi.org/10.1016/j.ajpath.2020.08.009
http://doi.org/10.1159/000513198
http://www.ncbi.nlm.nih.gov/pubmed/33341814
http://doi.org/10.3390/diagnostics11122202
http://www.ncbi.nlm.nih.gov/pubmed/34943438
http://doi.org/10.1016/j.pharmthera.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28529069
http://doi.org/10.1002/jcp.25307
http://doi.org/10.1177/0885066616636549
http://doi.org/10.1016/j.burns.2020.10.027
http://doi.org/10.1371/journal.pone.0129082
http://doi.org/10.1155/2018/1942193
http://doi.org/10.1038/s41598-019-46995-y
http://doi.org/10.1007/s00109-007-0226-x
http://www.ncbi.nlm.nih.gov/pubmed/17657467
http://doi.org/10.1007/s12031-013-0176-4
http://www.ncbi.nlm.nih.gov/pubmed/24254221
http://doi.org/10.1016/j.jinf.2020.08.021
http://www.ncbi.nlm.nih.gov/pubmed/32822684
http://doi.org/10.1038/s41598-021-91417-7
http://www.ncbi.nlm.nih.gov/pubmed/34088975
http://doi.org/10.3389/fphys.2021.653985
http://www.ncbi.nlm.nih.gov/pubmed/34054572
http://doi.org/10.3389/fimmu.2020.595342
http://doi.org/10.1155/2015/274607
http://doi.org/10.3390/jcm10102056


Diagnostics 2022, 12, 2150 13 of 13

20. Badulak, J.; Antonini, M.V.; Stead, C.M.; Shekerdemian, L.; Raman, L.; Paden, M.L.; Agerstrand, C.; Bartlett, R.H.; Barrett, N.;
Combes, A.; et al. Extracorporeal Membrane Oxygenation for COVID-19: Updated 2021 Guidelines from the Extracorporeal Life
Support Organization. ASAIO J. 2021, 67, 485–495. [CrossRef]

21. National Center for Biotechnology Information. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines—NCBI Bookshelf.
Available online: http://www.ncbi.nlm.nih.gov/books/NBK570371/ (accessed on 18 August 2022).

22. Viglino, D.; Maignan, M.; Debaty, G. A Modified Sequential Organ Failure Assessment Score Using the Richmond Agitation-
Sedation Scale in Critically Ill Patients. J. Thorac. Dis. 2016, 8, 311–313. [CrossRef] [PubMed]

23. ARDS Definition of Task Force; Ranieri, V.M.; Rubenfeld, G.D.; Thompson, B.T.; Ferguson, N.D.; Caldwell, E.; Fan, E.; Camporota,
L.; Slutsky, A.S. Acute Respiratory Distress Syndrome: The Berlin Definition. JAMA 2012, 307, 2526–2533. [CrossRef] [PubMed]

24. MacIntyre, N.R.; Epstein, S.K.; Carson, S.; Scheinhorn, D.; Christopher, K.; Muldoon, S.; National Association for Medical
Direction of Respiratory Care. Management of Patients Requiring Prolonged Mechanical Ventilation: Report of a NAMDRC
Consensus Conference. Chest 2005, 128, 3937–3954. [CrossRef]

25. Zivkovic, A.R.; Bender, J.; Brenner, T.; Hofer, S.; Schmidt, K. Reduced Butyrylcholinesterase Activity Is an Early Indicator of
Trauma-Induced Acute Systemic Inflammatory Response. J. Inflamm. Res. 2016, 9, 221–230. [CrossRef]

26. Hojyo, S.; Uchida, M.; Tanaka, K.; Hasebe, R.; Tanaka, Y.; Murakami, M.; Hirano, T. How COVID-19 Induces Cytokine Storm with
High Mortality. Inflamm. Regen. 2020, 40, 37. [CrossRef]

27. Marin, B.G.; Aghagoli, G.; Lavine, K.; Yang, L.; Siff, E.J.; Chiang, S.S.; Salazar-Mather, T.P.; Dumenco, L.; Savaria, M.C.; Aung,
S.N.; et al. Predictors of COVID-19 Severity: A Literature Review. Rev. Med. Virol. 2021, 31, 1–10. [CrossRef] [PubMed]

28. Malik, P.; Patel, U.; Mehta, D.; Patel, N.; Kelkar, R.; Akrmah, M.; Gabrilove, J.L.; Sacks, H. Biomarkers and Outcomes of COVID-19
Hospitalisations: Systematic Review and Meta-Analysis. BMJ Evid.-Based Med. 2021, 26, 107–108. [CrossRef] [PubMed]

29. Distelmaier, K.; Winter, M.-P.; Rützler, K.; Heinz, G.; Lang, I.M.; Maurer, G.; Koinig, H.; Steinlechner, B.; Niessner, A.; Goliasch, G.
Serum Butyrylcholinesterase Predicts Survival after Extracorporeal Membrane Oxygenation after Cardiovascular Surgery. Crit.
Care 2014, 18, R24. [CrossRef]

30. Karagiannidis, C.; Mostert, C.; Hentschker, C.; Voshaar, T.; Malzahn, J.; Schillinger, G.; Klauber, J.; Janssens, U.; Marx, G.;
Weber-Carstens, S.; et al. Case Characteristics, Resource Use, and Outcomes of 10 021 Patients with COVID-19 Admitted to 920
German Hospitals: An Observational Study. Lancet Respir. Med. 2020, 8, 853–862. [CrossRef]

31. Herrmann, J.; Lotz, C.; Karagiannidis, C.; Weber-Carstens, S.; Klµge, S.; Putensen, C.; Wehrfritz, A.; Schmidt, K.; Ellerkmann,
R.K.; Oswald, D.; et al. Key Characteristics Impacting Survival of COVID-19 Extracorporeal Membrane Oxygenation. Crit. Care
2022, 26, 190. [CrossRef]

32. Andersson, U.; Tracey, K.J. Reflex Principles of Immunological Homeostasis. Annu. Rev. Immunol. 2012, 30, 313–335. [CrossRef]
[PubMed]

33. Tracey, K.J. Reflex Control of Immunity. Nat. Rev. Immunol. 2009, 9, 418–428. [CrossRef] [PubMed]
34. Pomara, N.; Imbimbo, B.P. Impairment of the Cholinergic Anti-Inflammatory Pathway in Older Subjects with Severe COVID-19.

Med. Hypotheses 2020, 144, 110274. [CrossRef] [PubMed]
35. Paolisso, P.; Bergamaschi, L.; D’Angelo, E.C.; Donati, F.; Giannella, M.; Tedeschi, S.; Pascale, R.; Bartoletti, M.; Tesini, G.; Biffi, M.; et al.

Preliminary Experience with Low Molecular Weight Heparin Strategy in COVID-19 Patients. Front. Pharmacol. 2020, 11, 1124. [CrossRef]
36. Tritschler, T.; Le Gal, G.; Brosnahan, S.; Carrier, M. POINT: Should Therapeutic Heparin Be Administered to Acutely Ill

Hospitalized Patients with COVID-19? Yes. Chest 2022, 161, 1446–1448. [CrossRef]

http://doi.org/10.1097/MAT.0000000000001422
http://www.ncbi.nlm.nih.gov/books/NBK570371/
http://doi.org/10.21037/jtd.2016.02.61
http://www.ncbi.nlm.nih.gov/pubmed/27076924
http://doi.org/10.1001/jama.2012.5669
http://www.ncbi.nlm.nih.gov/pubmed/22797452
http://doi.org/10.1378/chest.128.6.3937
http://doi.org/10.2147/JIR.S117590
http://doi.org/10.1186/s41232-020-00146-3
http://doi.org/10.1002/rmv.2146
http://www.ncbi.nlm.nih.gov/pubmed/32845042
http://doi.org/10.1136/bmjebm-2020-111536
http://www.ncbi.nlm.nih.gov/pubmed/32934000
http://doi.org/10.1186/cc13711
http://doi.org/10.1016/S2213-2600(20)30316-7
http://doi.org/10.1186/s13054-022-04053-6
http://doi.org/10.1146/annurev-immunol-020711-075015
http://www.ncbi.nlm.nih.gov/pubmed/22224768
http://doi.org/10.1038/nri2566
http://www.ncbi.nlm.nih.gov/pubmed/19461672
http://doi.org/10.1016/j.mehy.2020.110274
http://www.ncbi.nlm.nih.gov/pubmed/33254578
http://doi.org/10.3389/fphar.2020.01124
http://doi.org/10.1016/j.chest.2022.01.036

	Introduction 
	Materials and Methods 
	Hospital Settings 
	Patients Recruitement 
	Patients Treatment 
	Data Acquisition 
	POCT BChE Measurements 
	Statistical Analysis 

	Results 
	Characteristics of Critically Ill COVID-19 Patients 
	BChE Activity Is Significantly Reduced in Critically Ill COVID-19 Patients 
	BChE Activity Correlates with Disease Severity in Critically Ill COVID-19 Patients 
	Critically Ill COVID-19 Patients Requiring vvECMO Support Demonstrated a Lower BChE Activity Compared to Patients without vvECMO Support 
	BChE Activity Reflects Level of Norepinephrine Support on Day Seven following ICU Admission 
	BChE Activity Correlates with C-Reactive Protein and Procalcitonin Levels 
	BChE Activity Measured within 24 h after Admission Identifies Survivors and Predicts Treatment Outcome 

	Discussion 
	Conclusions 
	References

