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Purpose: Early diagnosis of systemic inflammatory response syndrome is fundamentally 

important for an effective and a goal-directed therapy. Various inflammation biomarkers have 

been used in clinical and experimental practice. However, a definitive diagnostic tool for an early 

detection of systemic inflammation remains to be identified. Acetylcholine (Ach) has been shown 

to play an important role in the inflammatory response. Serum cholinesterase (butyrylcholines-

terase [BChE]) is the major Ach hydrolyzing enzyme in blood. The role of this enzyme during 

inflammation has not yet been fully understood. This study tests whether a reduction in the BChE 

activity could indicate the onset of the systemic inflammatory response upon traumatic injury. 

Patients and methods: This observational study measured BChE activity in patients with 

traumatic injury admitted to the emergency room by using point-of-care-test system (POCT). 

In addition, the levels of routine inflammation biomarkers during the initial treatment period 

were measured. Injury Severity Score was used to assess the trauma severity. 

Results: Altered BChE activity was correlated with trauma severity, resulting in systemic 

inflammation. Reduction in the BChE activity was detected significantly earlier compared to 

those of routinely measured inflammatory biomarkers. 

Conclusion: This study suggests that the BChE activity reduction might serve as an early indicator 

of acute systemic inflammation. Furthermore, BChE activity, measured using a POCT system, 

might play an important role in the early diagnosis of the trauma-induced systemic inflammation.
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Introduction
Systemic inflammation is a generalized response to noxious stimuli mediated by an 

activation of the innate immune system.1 An effective immunologic reaction relies 

on a balanced interplay of pro- and anti-inflammatory mechanisms.2,3 Cholinergic 

activation can modulate the immune response to limit pro-inflammatory processes to 

a nontoxic range. Vagus nerve stimulation releases acetylcholine (Ach), which on one 

hand inhibits macrophage activation and release of pro-inflammatory cytokines and 

simultaneously promotes the synthesis and secretion of anti-inflammatory cytokines, 

thereby attenuating the development of endotoxic shock in rats.4 

Serum cholinesterase termed “butyrylcholinesterase” (BChE) is an enzyme 

that hydrolyses Ach. BChE is a nonspecific choline esterase, which is abundant in 

blood, liver, and brain.5 Altered serum BChE activity might indicate a disrupted Ach 

hydrolysis, which would, in turn, indirectly signal an imbalance between the pro- and 

anti-inflammatory systemic responses mediated by nonneuronal cholinergic activity.4,6 

Previously, it has been shown that patients diagnosed with severe systemic  inflammation 
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show a marked reduction in the activity of serum cholin-

esterase.7 However, due to the high variability in the onset 

and etiology of the observed conditions, it was difficult to 

determine whether the change in the enzyme activity cor-

related with the emergence of the disease. Ba et al reported 

a dynamic change of serum cholinesterase activity following 

a severe traumatic injury.8 Patients with severe polytrauma 

showed a continuous decrease of serum cholinesterase dur-

ing an observation period of 7 days. The authors suggested 

that the observed decrease in serum cholinesterase may be 

regarded as a supplemental trauma severity indicator and as 

a prognostic patient outcome tool.

Fast and accurate diagnosis of a systemic inflammation 

plays a pivotal role in intensive care therapy.9 Indeed, early 

goal-directed therapy that has been provided in the first 6 h 

following disease presentation in the emergency unit has been 

shown to reduce mortality by 16% over standard care.10 Vari-

ous inflammation biomarkers have been proposed; however, 

none has proven sufficient for a prompt, specific, and accurate 

diagnosis of systemic inflammation.11 A combination of labo-

ratory tests, clinical signs, and patient history record should 

be used in a process of diagnosing systemic inflammation.

To better understand the pattern of the BChE activity dur-

ing the onset of systemic inflammation and to investigate the 

role of BChE in the inflammatory mechanisms, the activity 

of this enzyme was measured in patients within the initial 5 

h following traumatic injury. Trauma is a sudden and initially 

pathogen-free inflammatory challenge that causes a prompt 

immune response. Previous studies have shown that the mag-

nitude and duration of the immune reaction correlate well with 

the extent of the trauma.12,13 The role of cholinergic activity 

during inflammation has been suggested;4 however, rapid activ-

ity changes of the serum cholinesterase during trauma-induced 

inflammatory responses have not yet been investigated.

The present study shows that the activity of serum cholin-

esterase decreases following a traumatic injury. The observed 

enzyme activity change correlates with the trauma onset, sug-

gesting that the cholinergic activity plays an important role in 

the acute response to an inflammatory challenge. By using a 

point-of-care-testing system (POCT system), measuring the 

dynamics of the BChE activity might prove useful for early 

diagnostics of the emerging systemic inflammation.

Materials and methods
Study design
This observational clinical study was approved by the Ethics 

Committee of the Medical Faculty of Heidelberg (Trial-Code 

No. S-196/2014)  and was conducted in the emergency room 

and surgical intensive care unit of the University Hospital of 

Heidelberg, Germany. All patients or their legal designees 

gave written informed consent to the work.

Subjects
Patients were recruited upon arrival to the emergency room, 

following an acute traumatic injury. The criteria for the 

admission of injured patients to the emergency room are 

based on the S3-guideline for the early phase of care of the 

severely injured issued by the German Society for Trauma 

Surgery (DGU).14 Relevant patient data (demographic data, 

preinjury illness, medications, etc.) were collected. The 

trauma severity was calculated using the Injury Severity 

Score (ISS).15 In order to assess the BChE enzyme activity 

in the healthy population and validate criteria for the control 

group within the study population, blood samples from 10 

healthy volunteers were collected for BChE analysis.

Measurements
Patients admitted to the emergency department with an 

ISS≤3 (n = 12 patients) were considered mildly injured 

or not injured and served as a control group in this study. 

Trauma patients with an ISS>3 had at least one body region 

with a moderate injury and were considered injured in this 

study (n = 38 patients). All patients received prompt and 

goal-directed treatment following admission to the hospital. 

Patients included in the study were in the intensive care unit 

(ICU) under observation and treatment for at least 5 h. Upon 

arrival to the emergency room, blood samples were taken for 

laboratory analysis.

Blood samples for BChE analysis were collected from all 

patients hourly for up to 5 h and kept at +4°C until measured. 

In order to test the blood sample stability, an independent, 

separate set of measurements were made, where 6 blood 

samples from 6 volunteers were kept at +4°C for 9 days. 

BChE measurements were performed daily for 9 days in order 

to monitor possible result variations (Figure S1). The mean 

coefficient of variation for all samples over 9 days was 7.01%.

After routine blood gas analysis collection (pH, pCO
2
, 

pO
2
, base excess, K+, Na+, Ca2+, Cl−, CO-Hb, Met-Hb, hema-

tocrit, glucose, lactate, bicarbonate, and cSO
2
), taken hourly 

in the first 5 h after trauma, as a part of the standardized 

ICU diagnostic and therapeutic procedure (RAPIDPoint 

500; Siemens AG, Germany), 10 µl of blood was taken for 

the analysis of BChE activity (1 mL Blood Gas Monovette; 

Sarstedt, Germany). ChE Check (Securetec Detektions-

Systeme AG, Neubiberg, Germany; In-Vitro-Diagnostics 
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Guideline 98/79/EG; DIN EN ISO 18113-2 and -3), a POCT 

device, was used to determine the BChE activity according 

to the manufacturers’ instructions. This is an enzymatic 

assay providing rapid and precise determination of BChE 

activity in human whole blood without any pretreatment 

of the samples. BChE activity is assayed by measuring the 

production of thiocholine indirectly from the hydrolysis of 

the specific substrate s-butyrylthiocholine iodide. Thiocho-

line reacts with 5,5’-dithio-bis-2-nitrobenzoic acid (DTNB, 

Ellman’s reagent) as a chromogenic reagent, producing 

the yellow 5-thio-2-nitrobenzoate anion (TNB, Ellman’s 

anion). The production of TNB was monitored at 470 nm.16 

Enzyme activity is expressed as U/L. Standard laboratory 

blood analysis for routine parameters (Na+, K+, Ca2+, Cl−, 

creatinine, glomerular filtration rate, urea, glucose, creatine-

kinase [CK], CK-MB, troponin-T, lactate dehydrogenase, 

aspartate-aminotransferase [AST], alanine-aminotransferase 

[ALT], gamma-glutamyl transferase [GGT], bilirubin, 

pancreas-amylase, lipase, C-reactive protein [CRP], white 

blood cell count [WBCC], erythrocyte count, hemoglobin, 

hematocrit, mean corpuscular volume, mean corpuscular 

hemoglobin (MCH), MCH concentration, red cell distribu-

tion width, platelets, hypochrome erythrocytes, international 

normalized ratio (INR), activated partial thromboplastin 

time) was taken at the admission and after 5, 24, and 72 h 

(S-Monovette, Sarstedt, Germany). All routine laboratory 

tests were performed in the central laboratory of the clinic 

according to the internal standards and manufacturers’ 

instructions.

The relative BChE activity change over the first 5 h fol-

lowing hospital admission was defined as the primary out-

come. The pattern of BChE activity change was calculated 

as follows: relative activity change for the given time point 

was calculated as the ratio between the measured absolute 

enzyme activity for the given time point divided by the 

enzyme activity at admission. Ratios obtained over 5 h were 

added together. A sum ≤5 was considered as a negative activ-

ity change and a sum >5 a positive activity change. Secondary 

outcomes are correlation of the enzyme activity change with 

the ISS, CRP, WBCC, and liver function tests.

Statistical analysis
Cohen’s d test (d = 0.57; power 80%, significance level 

alpha =5%) was used to determine the sample size. The result-

ing data were entered into an electronic database (Microsoft 

Excel 2010, Microsoft Corp., Redmond, WA, USA) and evalu-

ated using GraphPad Prism version 6.0h for Mac (GraphPad 

Software, La Jolla, CA, USA, www.graphpad.com). Data were 

tested for Gaussian distribution using D’Agostino and Pearson 

omnibus normality test and presented as median with inter-

quartile range (IQR). Statistical significance was tested using 

Friedman, Mann–Whitney U, and Kruskal–Wallis test. Post 

hoc analysis was performed by using Dunn’s multiple com-

parison test including a correction for multiple comparisons. 

Correlation analysis was performed using Spearman’s rank 

correlation test. P<0.05 was considered statistically significant.

Results
The study included 50 patients who were admitted to the 

emergency room following a traumatic injury and 10 vol-

unteers whose blood samples were collected once. The time 

point of the arrival to the emergency room marked the initial 

measurement of our analysis. Patient demographic informa-

tion and clinical data are listed in Table 1. Patients with an 

ISS≤3 served as a control and patients with an ISS>3 during 

admission were considered injured in this study (see “Materi-

als and methods” section).

By using a POCT, the enzyme activity of BChE was mea-

sured every hour for the duration of 5 h. In addition, BChE 

enzyme activity was measured once from blood samples 

collected from 10 healthy volunteers. The BChE enzyme 

activity measured at the admission to the emergency room 

Table 1 Patient demographic and clinical data obtained upon 
arrival to the emergency department

Number of patients 50
Age (years) 49 (28–59)*
Gender (male/female) 30/20
Traumatic injury
ISS 6 (4–13)*
ISS≤3 12

ISS>16 9

ISS>25 2
Duration of prehospital emergency care (minutes) 60 (46–68)*
ISS body regions
Head or neck 28
Face 8
Chest 27
Abdomen or pelvic contents 11
Extremities or pelvic girdle 26
External 18
Clinical data
Preinjury Illness 12
Cardiovascular 9
Neurologic 1
Metabolic 2
Patient outcome
Hospital stay duration of trauma patients (days) 6 (1–12)*
Survivors 48

Note: *Median (interquartile range).
Abbreviation: ISS, Injury Severity Score.
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did not differ between the groups (Figure 1A and Table S1). 

The initial BChE activity measured from all the patients at 

hospital admission was comparable to that observed in the 

healthy volunteers (Table S1). 

Compared to their initial BChE activity, control group 

did not show any difference in the relative BChE activity 

change throughout the observation time of 5 h (Figure 1B 

and Table S1). Relative change of BChE activity measured 

from patients with the traumatic injury was markedly reduced 

from 1 h after being admitted. Surprisingly, there was no 

difference in the relative change of BChE activity after 3 h 

of admission. However, the relative change of BChE activity 

remained reduced in these patients when measured 4 and 5 h 

after hospital admission (Figure 1C and Table S1).

Next, the study questioned whether the BChE enzyme 

activity correlates with the severity of the trauma. The ISSs 

did not correlate with the BChE activity at admission to the 

emergency unit or at any of the individual time points during 

the 5 h following admission (Figure S2A–F). However, the 

BChE activity change relative to the initial time point (ie, at 

admission) did correlate with the ISS at 1 and 2 h after the 

time of admission (Figure 2A and B). No correlation was 

observed 3, 4, and 5 h after the admission (Figure 2C and E). 

A similar correlation between BChE activity and the trauma 

severity was also seen when using the New Injury Severity 

Score (NISS) (Figures S3A–F and S4A–E).

The initial blood analysis at the arrival to the emergency 

unit included measuring inflammation biomarkers (CRP and 

WBCC). Hospital records and inflammation biomarkers mea-

sured on admission did not indicate any chronic inflammatory 

diseases or ongoing inflammation in any of the patients. In 

addition the initial laboratory testing for CRP and WBCC 

concentrations of all patients included in the study showed 

CRP and WBCC concentrations within the normal range 

(Figure 3A and B). Thus, this study presumes that there was 

no chronic or recent inflammation in these patients and the 

traumatic injury could be considered an acute inflammatory 

insult in these patients. 

The CRP and WBCC concentrations were within the 

laboratory reference range in all patients in both the patient 

groups upon admission to the ICU (Figure 3A and B and 

Table S2) and remained unchanged 5 h after admission to 

the hospital (Figure 3C and D and Table S2). Elevated CRP 

concentration was observed 24 h after hospital admission 

in the group of trauma injured patients (Figure 3C and 

Table S2). CRP concentration, measured at this time point, 

correlated with ISS (Spearman r = 0.56). CRP concentration 

remained elevated when measured 72 h later in the injured 

patients (Table S2). The analysis of the WBCC performed 

24 h following trauma revealed no significant change in the 

WBCC (Figure 3D and Table S2). Blood analysis was not 

performed at the 24 h time point for patients with mild or 

no injuries (ISS≤3) because they were discharged from the 

hospital after 6 h. 

Altered base excess, bicarbonate concentration, pH, and 

lactate concentration in blood, measured upon traumatic 

injury, have been associated with poor patient outcome. 

To test whether BChE activity correlates with the activity 

changes of these parameters, measurements were taken 1 

and 5 h after being admitted in the hospital. The analysis 

revealed that mean levels of base excess, bicarbonate, pH, 

and lactate measured after first and fifth hour following 

hospital admission remained in the normal laboratory range 

(Figure 4A–D and Table S3). Next, whether these parameters 
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Figure 1 BChE activity reduction in patients with traumatic injury.
Notes: (A) Initial BChE activity measured at the hospital admission did not differ between healthy volunteers (control, filled gray), patients with an ISS≤3 (open gray), and 
those with ISS>3 (black, Kruskal–Wallis test followed by Dunn’s multiple comparisons test). Blood samples from patients without severe injury (ISS≤3, gray, B) and patients 
with traumatic injury (ISS>3, black, C) were tested for BChE activity changes over 5 h following hospital admission. Values represent relative change of BChE activity, 
normalized to the initial enzyme activity recorded on admission (A). Box plots in panels (A), (B), and (C) represent medians with 25% and 75% percentiles; error bars are 
minimum and maximum values. *P<0.05; **P<0.01; ***P<0.001. Observed BChE activity change has been tested using Friedman test for repeated measures followed by Dunn’s 
multiple comparisons test.
Abbreviations: BChE, butyrylcholinesterase; ISS, Injury Severity Score.
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correlate with the trauma severity of the patients was tested. 

The analysis revealed no correlation between the ISSs and 

the base excess or bicarbonate concentration at 1 or 5 h after 

admission (Figure S5A–D). Correlation between ISS and pH 

as well as lactate concentration was observed 1 h (Figure S5E 

and G) but not 5 h after hospital admission (Figure S5F 

and H). Moreover, whether levels of the metabolic state 

indicators correlate with BChE enzyme activity during the 

initial post-traumatic time period was tested. The analysis 

revealed that the BChE enzyme activity correlated with base 

excess and bicarbonate concentration throughout the first 5 h 

after ICU admission (Figure 4E, F, I and J and Table S3). No 

correlation was observed between BChE activity and pH or 

lactate concentration throughout the first 5 h in either group 

(Figure 4G, H, K, and L and Table S3). 

These data suggest that the relative change in BChE 

activity within the first 2 h after hospital admission might 

indicate a systemic inflammation. Base excess and bicar-

bonate concentration, conventional early indicators of poor 

outcome after traumatic injury, correlated with the BChE 

activity changes when measured within the first 5 h after 

hospital admission. 

BChE is an enzyme synthesized in liver. Disrupted liver 

synthesis might affect BChE activity. By using a combina-

tion of standard laboratory liver function tests, namely AST, 

ALT, GGT, alkaline phosphatase (AP), bilirubin, and INR, 

whether the trauma patients suffered from liver dysfunction 

was assessed. Based on ISS, the patients were divided into 

abdominal-trauma and no-abdominal-trauma groups. Patients 

with abdominal trauma did show a mild elevation of AST and 

ALT compared to those without abdominal trauma. However, 

median values stayed within the normal range, suggesting 

no indication of an acute liver failure within the two groups, 

when measured at the hospital admission (Figure S6A–C and 

Table S4). To further assess the interdependence of BChE 

activity and the liver function following abdominal trauma, 

the tests were repeated 5 h after injury. An elevation of AST, 

ALT, and GGT in the group of patients with abdominal 

trauma could be observed (Figure S6E–G and Table S4). 

The observed elevated levels of AST, ALT, and GGT were 

within the normal range. There was no difference between 

two groups with regard to AP, bilirubin, or INR function tests. 

Next, the BChE activities among the two groups measured at 

the admission to the emergency unit and 5 h after admission 

were compared. The BChE remained unaltered between the 

two groups (Figure S6D and H and Table S4). 

Taken together, these data suggest that the change in 

BChE activity may serve as an early indicator of acute sys-

temic inflammation in trauma patients. Measuring enzyme 

activity by means of a POCT system, in combination with 
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Figure 2 Correlation between the relative change of the BChE activity and the ISS of patients admitted to the emergency unit after traumatic injury.
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conventional methods, enables a quick diagnosis in an emer-

gency care environment.

Discussion
This study shows that the BChE activity decreases 1 h 

after hospital admission in patients with traumatic injury 

categorized with ISS>3. Furthermore, individuals with 

ISS≤3 showed no alteration in the BChE activity during 

the observation period of 5 h. In contrast, the conventional 

laboratory tests for inflammation (eg, CRP and WBCC) 

measured from injured patients did not deviate from the 

normal range within 5 h of admission. Our results suggest 

that using a POCT system to measure BChE activity in the 

initial phase of trauma care might help to identify patients at 

risk of an emerging inflammatory response. Early detection 

of reduced BChE levels and intervention during the primary 

therapeutic and diagnostic procedures in the emergency 

department and intensive care unit should improve patient 

outcome. Implementation of greater vigilance, escalation of 

monitoring strategies, or intensifying the supporting therapy 

represent a few treatment suggestions for patients showing 

reduced BChE activity during their hospital stay.

Ba et al8 showed that serum cholinesterase activity in 

patients with severe trauma (ISS>25) is strongly decreased. 

This change, observed within 7 days following trauma cor-

related with the CRP and injury severity scores.8 Our results 

support these findings. Moreover, a change in the BChE activ-

ity as early as 1 h after hospital admission was observed. In 

addition, this data analysis detected a reduction in the BChE 

activity even in patients with notably lower trauma scores 

(starting from ISS>3) than those described by Ba et al. Thus, 

monitoring BChE activity changes within the first 2 h after 
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hospital admission may be sensitive indicator for an early 

identification of systemic inflammation.

Ofek et al validated the importance of Ach in the acute 

phase of the immune response and suggested that cholinergic 

modulation of the immune system might affect individual 

differences in patient outcome.6 The authors determined an 

individual cholinergic status by measuring plasma levels 

of acetylcholinesterase (AChE), BChE, and paraoxonase 

(PON1) activity 1.5 h following endotoxic challenge. Based 

on the ability to recruit the immune system in response to 

endotoxic challenge, the authors described two types of 

inflammation responders: individuals with an increased 

activity of enzymes (enhancers) and individuals showing 

decreased enzyme activity following endotoxic challenge 

(suppressors). Data from the present study supported this 

finding by identifying two distinct patterns of the BChE activ-

ity change in trauma patients during the first 2 h following 

hospital admission (see “Materials and methods” section), 

those with a net decrease in BChE activity (79% of patients), 

suggesting an anti-inflammatory response and those with net 

increase in BChE activity (21% of patients), indicating a pro-

inflammatory reaction (Figure S7 and Table S1).

A bidirectional enzyme activity change, apparent 1–2 

hours after admission, compares favorably with the results 

described by Ofek et al. Data from the present study con-

firm the existence of individual variabilities in the early  
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cholinergic response to inflammation (cholinergic status) and 

demonstrates an early onset of this response.

CRP is an early marker of inflammation and infection. 

It has extensively been utilized in the clinical environment 

for diagnosing and monitoring the disease activity. CRP is 

normally present in trace levels in blood but increases during 

the first 24 h in response to an inflammatory or infectious 

process.17–19 Data from the present study suggest that an 

increase in CRP levels is not apparent within the first 5 h 

following hospital admission. 

Previous studies report a peak response for WBCC after 

sterile inflammation to be 24–48 h. Moreover, WBCC appears 

not to reflect the magnitude of the injury. The results of the 

present study are in accordance with a previous report20 as 

no change in the WBCC in the first 5 h after hospital admis-

sion was observed. 

Compared to the conventional laboratory tests that are 

used to diagnose inflammation (CRP and WBCC), BChE 

activity change can be detected much earlier, indicating 

an emerging systemic inflammation. A reduction in BChE 

activity within the first 2 h after admission to ICU might 

signal an ongoing inflammation which is first detected by an 

increased blood CRP level 24 h later. POCT system, avail-

able at the bedside, enables early identification of high-risk 

patients, thereby allowing for quicker diagnosis and therapy 

of systemic inflammation. 

Base excess, blood bicarbonate, albumin, and lactate 

concentration have long been recognized as independent 

predictors of mortality in trauma patients.21–23 These param-

eters did not correlate with the severity of injury in this study 

most likely because of the relatively low severity of injury 

in the patient data set (19% showed ISS>16), as well as the 

brief time period between trauma and hospital admission, 

providing prompt commencement of therapy. The base excess 

and blood bicarbonate correlated with the BChE activity 

when measured in trauma patients 1 h, as well as 5 h after 

hospital admission, suggesting that BChE activity might 

either interact with the acid–base balance in serum or that 

the change in the BChE activity might mirror the severity 

of trauma-induced inflammation. This analysis revealed that 

BChE activity does not correlate with the pH measured from 

trauma patients, supporting the latter assumption. 

Albumin concentration has been associated with trauma 

severity.24 Reduced serum albumin concentration correlates 

with the increased mortality of critically ill patients.25,26 Pre-

viously, it has been shown that the BChE activity correlates 

with the albumin concentration in critically ill patients with 

severe systemic inflammation.7 However, in the present study, 

no correlation was observed between albumin concentration 

and the BChE activity in trauma patients. 

BChE is synthesized in liver, and its activity strongly 

depends on liver function.27 Indeed, it was observed that 

liver function tests obtained from patients with abdominal 

trauma varied in comparison with their controls. Patients with 

abdominal trauma demonstrated isolated higher transaminase 

levels compared to those without abdominal trauma. However, 

these results were still in the reference laboratory range. No 

difference in the relative change of BChE activity between the 

two groups was observed. These data suggest that the BChE 

activity remains unaffected upon mild liver dysfunction during 

the initial period following a traumatic injury.

Several limitations should be considered when interpret-

ing the findings. First, this was a single center observational 

pilot trial with a relatively small study group, which poten-

tially reduced the power to detect some differences (eg, lactate 

concentration and WBCC). It would be necessary to repeat 

the study in a larger patient group to further investigate the 

correlation between BChE activity change and the secondary 

outcome parameters during acute traumatic injury. 

Second, patients included in this study, presented with 

rather low injury scores (median ISS = 6). This finding, 

being unanticipated, could have obscured the effect of BChE 

changes on the study outcomes; however, a rapid and sig-

nificant change in BChE activity, observed in mild traumatic 

injury but not in the control, renders this assay quick and very 

sensitive in detecting inflammatory response changes. Indeed, 

68% of patients with reduced BChE activity observed within 

first 5 h following traumatic injury stayed in hospital longer 

than 2 days, suggesting that early change in BChE activity 

might be predictive of subsequent systemic complications.

Third, any further inflammatory biomarker analysis (eg, 

IL-6, TNF-alpha, and procalcitonine) which would require 

additional patient blood samples and ethical clearance 

was not included. Next, there are concomitant factors that 

might affect the activity of BChE in trauma patients. One 

possible scenario might be that a trauma patient is found 

to have positive toxicology screenings upon admission. 

Substance abuse is frequently associated with the events 

resulting in a trauma and can often play an important role 

in the subsequent medical treatment of these patients.28 The 

patients were tested for ethanol in the blood. Only 6% of 

patients included in this study were positive, showing no 

significant difference in BChE activity compared to their 

controls. Thus, it is presumed that elevated serum ethanol 

concentration did not bias the analysis and interpretation 

of BChE activity. 
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The initial time point for the data analysis in this study is 

the arrival of the patient to the hospital. It was estimated that the 

average time from injury until the admission to the emergency 

unit was 60 min. However, due to the high inter-case variability 

and lack of accurate prehospital information, this time interval 

was not included in the data analysis and result interpretation. 

However, time period from traumatic injury until hospital 

admission should be considered while interpreting the data. 

Finally, several conditions are known to affect BChE 

activity in the blood. An elevated BChE has been described 

in patients with a nephrotic syndrome.29 A possible reason 

for an elevated BChE concentration is a compensatory eleva-

tion of albumin synthesis in hepatocytes as a response to a 

massive protein loss during nephrotic disease. In contrast, a 

number of conditions may cause decreased BChE activity. 

Liver disease may cause decreased BChE activity. Further 

laboratory tests (eg, transaminases, bilirubin, and coagu-

lation) and clinical signs could help distinguish between 

inflammation and liver disease. Reduced level of BChE has 

been observed in the last trimester of pregnancy.30 Decreased 

cholinergic status has been reported in burn patients31 and is 

associated with an increased risk for MACE32 and presence 

of carcinoma.33 Thus, only a combined diagnostic approach, 

comprising various laboratory tests and clinical examinations 

would identify the most effective treatment decision in the 

therapy of acute inflammation. Therefore, monitoring BChE 

activity level, along with a relative change of BChE activity 

during the initial inflammatory process may prove to be of 

substantial importance.

Conclusion
This study suggests that measuring the relative change of 

BChE activity by using POCT system might prove helpful 

for a rapid indication/prediction of an emerging inflammation 

in patients with trauma. The reduction in the enzyme activity 

is apparent 1–2 h after hospital admission, which makes this 

assay one of the earliest indicators of inflammation described 

so far. Measuring BChE activity by using a POCT system at 

the bed side minimizes time delays often associated with con-

ventional laboratory testing. This assay might prove beneficial 

in early recognition of emerging inflammation permitting 

early commencement of anti-inflammatory therapy.
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