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Abstract Background: The importance of burn prognostic indices lies not only on the prediction of the 
outcome of an individual patient, but also on the distribution of the patients in comparable 
groups of severity for therapeutic purposes. Although the realistic prediction of the outcome of 
an individual patient is the first and main question of patient family, the quantitative 
measurement of a patient illness using these indices is of great importance for the burn center in 
deciding its therapeutic policy. The more accurate the indices, the more useful they are for the 
latter purpose for these reasons. Since several complications may occur after burn injury, some 
of them are fatal; the allegation of negligence may not be unusual. The patient relatives may 
claim that the death is the result of the improper management of the treating medical team rather 
than the unavoidable complications. Aim: This study aimed to assess the potential role of plasma 
cholinesterase as an adjuvant prognostic index in acutely burned patients to ascertain malpractice 
claims. Subjects and methods: A prospective study that was conducted on 40 cases (30 acute 
burned patients and 10 controls) in The Burn Unit at El Demerdash Hospital. Venous blood 
samples were collected from all cases under study in 1, 5, and 14 day post burn for measuring 
plasma cholinesterase, platelets, albumin and CRP. Results: there was significant difference 
between the control group and the acute burned group regarding the studied parameters except 
platelets concentration in day one sample. There was negative correlation between plasma 
cholinesterase, platelets, albumin and TBSA while positive correlation was found with CRP. 
There was significant difference between the survivors and non survivors regarding all studied 
parameters in day 1, 5 and 14 except for CRP only in day 5&14 significant difference was 
noticed. Plasma cholinesterase sensitivity when it was measured alone was 100% in the different 
study periods, with CRP or albumin or collectively in day 5, 14. Conclusion: The current study 
concluded that plasma cholinesterase can be measured as a prognostic index alone with 100% 
sensitivity in day 1, 5 and 14 post burn. When it was measured adjuvant to platelets in day 1 
sensitivity was 98%, to CRP or albumin or both in day 5 and 14, the sensitivity was 100%. 
Recommendations: The present study recommended plasma cholinesterase to be measured as a 
routine clinical laboratory test for the admitted acutely burned patient. 
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Introduction 
burn is a tissue injury from thermal application or 
from the absorption of physical energy or chemical 
contact (Nascimbeni et al., 2018). Millions of 

people around the world are hospitalized for the treatment 
of burn each year; the daily cost of care for a burn victim 
is tremendous. The economic loss to any nation is 
staggering. This includes painful and lengthy 
hospitalization, multiple stages of surgery, permanent 
disfigurement and disability, prolonged rehabilitation, loss 
of income and enormous financial burden on both the 
burn victims and community. Burn itself and its 
complications can lead to permanent changes in patient 
life and that of his family (Friedstat et al., 2017). 
The importance of burn prognostic indices lies not only 
on the prediction of the outcome of an individual 
patient, but also on the distribution of the patients in 

comparable groups of severity for therapeutic purposes. 
Although the realistic prediction of the outcome of an 
individual patient is the first and main question of 
patient family, the quantitative measurement of a 
patient illness using these indices is of great 
importance for the burn center in deciding its 
therapeutic policy. The more accurate the index, the 
more useful it is for the latter purpose for these reasons 
(Nascimbeni et al., 2018). 
Since several complications may occur after burn 
injury, some of them are fatal; the allegation of 
negligence may not be unusual (Nakache et al., 2011). 
The patient relatives may claim that the death is the 
result of the improper management of the treating 
medical team rather than the unavoidable 
complications (Snell et al., 2013). 

A 
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This allegation may arise also in homicidal deaths, 
when death in burnt victims occurred after duration of 
hospital admission. It is of great medico-legal 
importance in these cases to decide if the death was 
due to physician negligence or as an anticipated 
consequence of burn injury. This reveals the need for 
investigating predictors of mortality in cases of burn 
injuries that can be determined in early stage of burn 
before start of medical interventions to reflect severity 
of injury and body response to it (Aktas et al., 2018).  
In addition, prediction of outcome for burnt patients is 
essential to support clinical decision making, improve 
overall patient management, alleviate individual 
suffering, minimize the complications and improve 
hospital resource allocation (Walczak and Velanovich, 
2018). 
Aim of the Study  

As with any kind of malpractice issue, the 
question is whether the practitioner conduct or care 
deviated from the applicable standard of care or not?. 

The aim of this study was to assess the potential 
role of plasma cholinesterase as an adjuvant prognostic 
index in acutely burned patients to ascertain 
malpractice claims.  

Patients and Methods 
Study design: A prospective study that was conducted 
in The Burn Unit at El Demerdash Hospital. The study 
included 40 cases, 1st group included 30 patients those 
who were admitted to Burn Unit at El Demerdash 
Hospital and according to the outcome they were 
further classified into two subgroups survivors and non 
survivors, 2nd group included 10 persons of patient’s 

relatives apparently healthy served as a control group. 
The cases who were selected to be included in the 
study are acutely adult burn patients of both sexes (20 
males and 10 females) admitted within 24 hours of 
incidence, their age ranges from 18 to 45 who were 
exposed to thermal injury, total burn surface area 
ranges from 15 to 40 % of body surface area and the 
depth was partial and full thickness burns. Exclusion 
criteria: patients with Chronic liver disease, organo 
phosphorus insecticides exposure, malignancy, obesity, 
extremes of age, diabetes mellitus, malnourishment, 
electrical and chemical burns, total burn surface area 
area <15% or >40%,superficial dermal burns and 
erythema.  

Ethical Considerations: Approval was taken 
from ethical committee Ain Shams University. 
Approval from Burn Unit general director was also 
taken. An informed written consent was taken from 
burned patients or their relatives and their information 
was anonymous for maintaining the confidentiality.  

Five ml venous blood samples were collected 
from all cases under study in day 1, 5, and 14 post-
burn. Two ml blood was preserved with EDTA for 
measuring platelets concentration. The remaining 
blood samples were then centrifuged, the serum was 

then separated, and the levels of plasma cholinesterase, 
albumin and CRP were measured.  

Statistical analysis: Data were collected, 
revised, coded and entered to the Statistical Package for 
Social Science (SPSS) version 23. The quantitative data 
were presented as mean, standard deviations, ranges and 
qualitative one was presented as number and percentages.  

The comparison between two independent 
groups with quantitative data and parametric distribution 
were done by using Independent t-test.  

The comparison between more than two paired 
groups with quantitative data and parametric distribution 
were done by using Repeated Measures ANOVA, test.  

Spearman correlation coefficients were used to 
assess the correlation between two quantitative parameters 
in the same group. 

The significance of p-value was considered as 
the following: P-value > 0.05: Non -significant, P-value < 
0.05: Significant  .

Results 
The present study showed that the mean age of the studied 
burned cases was 29.20 ± 8.08 years and males 
constituted 66.7% and females 33.3 %. 

Table (1): showed significant difference between 
acute burned cases and controls as regard plasma 
cholinesterase, albumin and CRP levels in day 1, on the 
other hand there was no significant difference as 
regards platelets concentration. 

Table (2): showed significant difference 
between the acute burned group and controls as regards 
plasma cholinesterase at the different study periods, 
there is significant reduction in day 5 when compared 
with day 1 and there is an improvement in day 14 when 
compared with day 5. 

As regards serum albumin level there was 
significant reduction in the level of day 5 and 14 when 
compared with day 1. 

As regards CRP there was significant increase 
in the level of CRP at different study periods when 
compared with control, significant increase in day 5, 14 
when compared with day 1. 

As regards platelets there was significant 
reduction in the level of day 5 when compared with 
day 1 and day 14 samples. 

Table (3): showed negative correlation between 
plasma cholinesterase, albumin and platelets and total 
burn surface area in day 1, 5 and 14 and positive 
correlation between CRP and total burn surface area in 
day 5 and 14 only. 

Table (4): showed that there was significant 
reduction in the levels of plasma cholinesterase, 
platelets, and albumin at the different study periods in 
non survivors burned patients when compared with 
survivors' subgroup. On the other hand, CRP level 
showed significant increase in day 5&14 in non-
survivors ‘subgroup. While in day 1, non-significant 
change was noticed. 

Table (5): showed that there was negative 
correlation between plasma cholinesterase and TBSA 
in day 1 and 14 in survivors' group. On the other hand, 
Positive correlation between CRP and TBSA in day 1, 
5 and 14 in survivors’ group was observed. 
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Table (6): showed the best cut off point for 
plasma cholinesterase, albumin, and CRP for 
differentiation between the acute burned cases and the 
control. For plasma cholinesterase was found ≤ 6223u/l 

with sensitivity of 100%, specificity of 90% and area 
under curve AUC of 96.3%. For albumin the best cut off 
point was found ≤ 3.4g/dl with sensitivity of 53.33%, 

specificity of 90% and AUC of 78.2, while CRP cut off 
point was found > 13 mg/l with sensitivity of 100%, 
specificity of 100% and AUC of 100%. 

Table (7): showed that the best cut off point for 
plasma cholinesterase as a prognostic marker in day 1 
was found ≤3320 with sensitivity of 100%, specificity 

of 100%. In day 5 the best cut off point was found 
≤2568 with sensitivity of 100%, specificity of 90.48%. 
In day 14 the best cut off point was found ≤2214 with 

sensitivity of 100% and specificity of 100%. 
Table (8): showed that the best cut off point for 

platelets as a prognostic marker in day 1 was found 
≤310 with sensitivity of 77.78%, specificity of 66.67%. 
In day 5 the best cut off point was found ≤149 with 

sensitivity of 88.89%, specificity of 100%. In day 14 
the best cut off point was found ≤350 with sensitivity 

of 88.89% and specificity of 80.95%. 
Table (9): showed that the best cut off point for 

albumin as a prognostic marker in day 1 was found 

≤3.3 with sensitivity of 88.89%, specificity of 66.67%. 

In day 5 the best cut off point was found ≤2.3 with 

sensitivity of 100%, specificity of 80.95%. In day 14 
the best cut off point was found ≤2.2 with sensitivity of 
100% and specificity of 90.48%. 

Table (10): showed that the best cut off point for 
CRP in day 5 was found >126 with sensitivity of 
100%, specificity of 100%, and in day 14 the best cut 
off point was found >106 with sensitivity of 100% and 
specificity of 100%. 

Table (11): showed Plasma cholinesterase 
sensitivity when measured with CRP, albumin & 
platelets at different study periods in acute burned 
patients: 
 In day 1 the plasma cholinesterase sensitivity was 

the highest when measured with platelets (98%), it 
was the lowest when measured with CRP (50%). 

 In day 5 the plasma cholinesterase sensitivity was the 
highest (100%) when measured with CRP or albumin 
and when measured with CRP and albumin 
collectively. It was the lowest when measured with 
platelets (94.5%). 

In day 14 the plasma cholinesterase sensitivity was 
the highest (100%) when measured with CRP or albumin 
and when measured with CRP and albumin collectively. It 
was the lowest when measured with platelets (94.5%). 

Table (1): Student t test, comparison between control and acute burned groups as regards studied parameters 

Variables 

Control group Acute burned group 

t P No. = 10 No. = 30 

Mean ±SD Mean± SD 

Plasma cholinesterase(u/l)  7692.00 ± 1426.36 3985.63 ± 1263.07 7.786 0.000 

Platelets (103/ul)  351.50 ± 39.17 315.47 ± 64.49 1.659 0.105 

Albumin (g/dl)  4.18 ± 0.64 3.36 ± 0.77 3.007 0.005 

CRP (mg/l)  7.17 ± 2.61 92.57 ± 24.406 6.736 0.000 

p<0.05: significant, P > 0.05: non-significant 

Table (2): ANOVA one-way statistical analysis of the studied parameters between the control group and the acute 
burned group in 1st, 5th, and 14th day samples: 

 
Control group 

No. (10) 
Accute burned group No. (30)   

 Mean ±SD 
Day 1 Day 5 Day 14 

Fc P 
Mean ±SD Mean ±SD Mean ±SD 

Plasma  
cholinesterase(u/l) 

7692.00±1426.36 3985.63±1263.07 3197.7±1030.861 3420.17±1283.854 126.35 <0.0001 

Platelets (103/ul) 346.83±103.3 315.47±64.49 216.5±83.82 351.50±39.17 63.18 <0.0001 

Albumin (g/dl) 4.18±0.64 3.4±0.77 2.57±0.78 2.67±0.78 21.05 <0.0001 

CRP (mg/l) 7.17±2.61 92.75±24.4 125.4±48.96 106.8±52.94 24.15 <0.0001 

p<0.05: significant, P > 0.05: non significant 
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Table (3): Spearman correlation coefficients test between studied parameters levels and the total burn surface 
area (TBSA)  

Variables TBSA 

r P 

Plasma cholinesterase 

Day 1 
Day 7 

Day 14 

-0.821** 
-0.767** 
-0.861** 

<0.0001 
<0.0001 
<0.0001 

Platelets 

Day 1 
Day 7 

Day 14 

-0.507** 
-0.736** 
-0.646** 

0.004 
<0.0001 
<0.0001 

Albumin 

Day 1 
Day 7 

Day 14 

-0.363* 
-0.557** 
-0.664** 

0.049 
0.001 

<0.0001 
CRP 

Day 1 
Day 7 

Day 14 

0.337 
0.884** 
0.812** 

0.069 
<0.0001 
<0.0001 

*. Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed). 

Table (4): Independent test, comparison between survivors and non survivors as regards studied parameters at 
different studied periods. 

 Survivors subgroup Non -survivors subgroup 
T P 

No. = 21 No. = 9 

Plasma cholinesterase (u/l)  Mean ±SD Mean ±SD   

Day 1 
Day 5 

Day 14 

4631.10 ± 898.39 
3698.71 ± 794.82 
4110.38 ± 830.72 

2479.56 ± 346.34 
2028.67 ± 276.53 
1809.67 ± 285.16 

9.457 
8.503 
11.24 

<0.0001 
<0.0001 
<0.0001 

Platelets (103/ul)     

Day 1 
Day 5 

Day 14 

332.95 ± 52.05 
254.90 ± 67.83 
391.19 ± 68.87 

274.67 ± 75.02 
126.89 ± 32.57 
243.33 ± 98.03 

2.46 
5.36 
4.74 

0.02 
<0.0001 
<0.0001 

Albumin (g/dl)     

Day 1 
Day 5 

Day 14 

3.57 ± 0.75 
2.89 ± 0.69 
3.05 ± 0.62 

2.89 ± 0.65 
1.82 ± 0.35 
1.81 ± 0.23 

2.37 
5.36 
4.74 

0.025 
<0.0001 
<0.0001 

CRP (mg/l)     

Day 1 
Day 5 

Day 14 

88.86 ± 16.60 
96.52 ± 16.01 
77.00 ± 15.59 

101.22 ± 36.75 
192.78 ± 27.49 

176.44 ± 42 

-1.29 
-12.097 
-6.901 

0.209 
<0.0001 
<0.0001 
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Table (5): Spearman correlation coefficient test between the studied parameters and TBSA in survivors and non 
survivors burned patients. 

 TBSA 
Survivor subgroup (No=21) Non-Survivor subgroup (No=9) 

R P R P 
Plasma cholinesterase     

Day 1 -0.445* 0.043 0.141 0.717 
Day 5 -0.344 0.126 0.321 0.400 

Day 14 -0.490* 0.024 0.148 0.703 
Platelets     

Day 1 -0.223 0.332 -0.663 0.052 
Day 5 -0.354 0.115 0.118 0.762 

Day 14 -0.097 0.674 -0.096 0.807 
Albumin     

Day 1 0.103 0.657 -0.131 0.736 
Day 5 0.072 0.755 0.465 0.207 

Day 14 0.096 0.679 0.045 0.909 

CRP     
Day 1 0.464* 0.034 0.241 0.533 
Day 5 0.490* 0.024 -0.245 0.525 

Day 14 0.515* 0.017 -0.646 0.060 

* Correlation is significant at the 0.05 level (2-tailed). 

Table (6): Cut off points, AUC, sensitivity and specificity for plasma cholinesterase, albumin and CRP in acute 
burned group in day 1 sample. 

 
Cut -off 

point 

Area 
under 
curve 

Sensitivity 
% 

Specificity 
% 

Positive 
predictive 

value 

Negative 
predictive 

value 
Plasma cholinesterase (u/l) ≤6223 0.963 100.00 90.00 96.8 100.0 

Albumin (g/dl) ≤ 3.4 0.782 53.33 90.00 89.5 38.1 

CRP (mg/l) >13 1.000 100.00 100.00 100.0 100.0 

Table (7): Cut off points, AUC, sensitivity, and specificity for plasma cholinesterase in acute burned group in the 
different study periods  

Plasma cholinesterase 
Cut- off 

point 
Area under 

curve 
Sensitivity% Specificity% 

Positive 
predictive 

value 

Negative 
predictive 

value 
Day 1 ≤ 3320 1.000 100 100 100 100 
Day 5 ≤ 2568 0.989 100.00 90.48 81.8 100.0 
Day 14 ≤ 2214 1.000 100 100 100 100 

Table (8): Cut off points, AUC, sensitivity, and specificity for platelets in acute burned group in the different study 
periods. 

Platelets 
Cut- off 

point 
Area under 

curve 
Sensitivity% Specificity% 

Positive 
predictive 

value 

Negative 
predictive 

value 
Day 1 ≤ 310 0.720 77.78 66.67 50.0 87.5 
Day 5 ≤149 0.984 88.89 100.00 100.0 95.5 
Day 14 ≤ 350 0.902 88.89 80.95 66.7 94.4 
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Table (9): Cut off points, AUC, sensitivity and specificity for albumin in acute burned group in the different study 
periods.  

Albumin 
Cut- off 

point 

Area 
under 
curve 

Sensitivity% Specificity% 
Positive 

predictive 
value 

Negative 
predictive 

value 
Day 1 ≤3.3 0.765 88.89 66.67 53.3 93.3 
Day 5 ≤2.3 0.913 100 80.95 69.2 100.0 
Day 14 ≤2.2 0.894 100 90.48 81.8 100.0 

Table (10): Cut off points, AUC, sensitivity and specificity for CRP in acute burned group in the different study 
periods.  

CRP 
Cut- off 

point 

Area 
under 
curve 

Sensitivity% Specificity% 
Positive 

predictive 
value 

Negative 
predictive 

value 
Day 5 > 126 1.000 100.0% 100.0% 100.0% 100.0 
Day 14 >106  1.000 100.0% 100.0% 100.0% 100.0 

Table (11): Plasma cholinesterase sensitivity with the different studied parameters in acute burned group: 

Plasma cholinesterase 
Index Day 1 Day 5 Day 14 

CRP 50% 100% 100% 
Albumin (AL) 94.5% 100% 100% 
Platelets (PL) 98% 94.5% 94.5% 
CRP/PL 59.5% 96.3% 96.3% 
CRP/AL 63% 100% 100% 
PL/AL 89% 96.3% 96.3% 
CRP/PL/AL 67% 97.3% 97.3% 

Discussion 
Plasma cholinesterase: 

In the present study, plasma cholinesterase 
level was measured in day 1, 5 and 14 after burn.The 
study showed that plasma cholinesterase level was 
reduced in the acute burned group. There was a 
statistical significant difference between the acute 
burned cases and the control as regard plasma 
cholinesterase, this finding is consistent with the results 
reported by Zhao et al. (2018) on changes in plasma 
cholinesterase after burn injuries, their results showed 
that the plasma cholinesterase activity was lower in the 
patient groups than in the control group at all the time 
points observed. 

There are some proposed possible 
mechanisms for decreasing plasma cholinesterase 
activity in burns patients, including: (1) reduced 
hepatic synthesis of plasma cholinesterase due to 
impaired liver function; (2) hemodilution resulting 
from a large amount of fluid infusion during early 
resuscitation; (3) increased consumption of enzymes 
due to high catabolism induced by stress; (4) capillary 
leak syndrome, caused by shock, leading to increased 
extravascular transport of  plasma cholinesterase  
(Woodson et al., 2018). 

There was significant reduction in day 5 when 
compared with day 1 and there is improvement in day 

14 when compared with day 5, the plasma 
cholinesterase activity reached the lowest level after 
injury in day 5, this finding was consistent with the 
data reported by Zhang et al. (2018) which showed 
that after burn, the activity of plasma cholinesterase 
decreased significantly, and there was a tendency to 
decrease firstly and increase afterwards.  

This finding was also consistent with the data 
reported by Obeso et al. (2017) that showed that the 
magnitude as well as the rate of fall of plasma 
cholinesterase activity was found to be closely 
correlated with the severity of burn injury. Minimum 
levels were often reached 5 to 6 days after the burn 
injury, at which time the activity might have been 
depressed by more than 80%. In the most severely 
burned patients, the activity sometimes remained low 
for months despite wound healing. Apart from the 
severity of the burn injury in the individual patient, 
several important factors determined the level of serum 
cholinesterase activity at a given time. These included 
the presence or absence of local or systemic infections, 
the event of recent surgery such as slough removal or 
skin grafting, and blood transfusions.  

The correlation between the total burn surface 
area and the plasma cholinesterase level was analyzed 
at each time point, there was negative correlation 
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between plasma cholinesterase concentration and the 
total burn surface area, the greater the total burn 
surface area is, the more drop in the level of the plasma 
cholinesterase, and it is a logic result, the greater the 
total burn surface area is, the more impairment in the 
liver function.  

This finding was consistent with the data 
reported by Zhang et al. (2018) which showed that  the 
plasma cholinesterase activity was higher in 30%-
49%TBSA group than in the 50%-79% TBSA group and 
in 80% TBSA group, and the activity was higher in 50%-
79% TBSA group than in 80% TBSA group (P<0.05). 

In addition, according to the prognosis, the 
patients were divided into the survivors’ group and the 

non-survivor group. 
The plasma  cholinesterase  level at each time 

point and the range of plasma cholinesterase level  
decrease at the different study periods  were compared 
between the two groups : survived group and non-
survived group  and there was a statistical significant 
reduction in the level of the plasma cholinesterase in non 
survivors when compared with survivors, this finding 
was consistent with the data reported by Cheng et al. 
(2018) that showed that the plasma  cholinesterase 
activity was significantly higher in the survivors than in 
the non survivors  and  the magnitude of decrease in 
plasma cholinesterase level was less significant in the 
survival group, after the burn plasma cholinesterase 
activity decreased continuously for 7 days  after injury in 
both the survivor and non-survivor subgroups, but was 
significantly lower in the non-survival subgroup in days 
1, 5, and 14 samples after burn.  

   The present study showed that there was 
negative correlation between plasma cholinesterase and 
TBSA in day 1 and 14 in survivors subgroup.  

Non-specific inflammation occurs after severe 
burn. During this process, plasma proteins synthesized in 
the liver are defined as Acute Phase Proteins when their 
concentrations increase or decrease by at least 25%. 
Some APPs, such as CRP, increase in concentration and 
are known as positive APPs. Conversely, other APPs, 
such as albumin decrease in concentration and are 
known as negative APPs (Iliev and Georgieva, 2018).  

Plasma cholinesterase level decreased after 
burn and is considered as negative acute phase protein 
and participates in regulation of the inflammatory 
response. 

The mechanism for the involvement of plasma 
cholinesterase in the inflammatory response may be 
related to the activation of the ‘cholinergic anti-
inflammatory pathway’ (Cerejeira et al., 2012). 
Acetylcholine can bind to different receptors and play 
different physiological roles (Kini, 2019). After binding 
to the α7 nicotinic acetylcholine receptor, acetylcholine 
can inhibit the inflammatory mediators (i.e., the so-called 
‘cholinergic anti-inflammatory pathway’) and have an 

anti-inflammatory effect via activation of the cholinergic 
system (Kanashiro et al., 2017).  

Plasma cholinesterase is an important part of the 
cholinergic system since  it is a hydrolase that is upstream 
of the neurotransmitter cholinesterase inhibitors also had 
anti-inflammatory effects (Lazarevic-Pasti et al., 2017). 

Therefore, acetylcholinesterase activity 
decreases during the inflammatory response after trauma, 
in turn increasing the utilization of acetylcholine, thereby 
regulating inflammation (Faiq et al., 2019). 

In the present study plasma cholinesterase was 
found to be significantly and positively correlated with 
albumin, at all-time points and significantly and 
negatively correlated with CRP at all time points 
except post-injury day 1. Thus, it appears that changes 
in plasma cholinesterase activity are consistent with 
negative Acute Phase Proteins concentrations and the 
correlations between them are significant. Furthermore, 
since proteins are synthesized in the liver and plasma 
cholinesterase activity was reduced by more than 25% 
in day 1, 5, and 14, compared with the control, plasma 
cholinesterase fits the definition of an APP and can be 
regarded as a negative APP. 

The present study data   were consistent with 
the results reported by Ba et al. (2014) which showed 
that plasma cholinesterase activity decreases 
significantly after injury in patients with severe trauma. 
A greater decrease appears to indicate a more severe 
injury and a poorer prognosis.  

Plasma cholinesterase activity assay is a valid 
biological marker of malnutrition, inflammation, and liver 
synthetic ability with a relatively low cost and high 
clinical informative power. Plasma cholinesterase 
determination is a routine clinical laboratory test, 
scheduled in all laboratory panels at hospital admission as 
well as for outpatient evaluation; on demand, it is also 
possible to add this test in the urgent exams’ panels. Its 

cost is similar to that of other routine exams (serum 
glucose, urea, creatinine dosage, etc.), including the assay 
of albumin, prealbumin, transferrin, and lymphocyte 
count. Plasma cholinesterase may therefore enter in a 
cluster of selected prognostic parameters, useful to 
complete the clinical judgment (Santarpia et al., 2013). 

Plasma cholinesterase assessment should be 
included in routine clinical diagnostic procedures to 
evaluate patient clinical conditions, in particular in cases 
of inflammation and/or protein‐energy malnutrition. This 
parameter has a prognostic value varying from disease to 
disease; for example, it indicates inadequate availability of 
substrates for liver synthesis and positively correlates with 
the effectiveness of nutritional support in case of 
malnutrition; plasma cholinesterase has a survival 
predictive role in cancer patients and seems to correlate 
with disease progression. Finally, reduced levels of 
plasma cholinesterase suggested negative outcomes (death 
or worsening of clinical conditions) in patients on artificial 
nutrition (Santarpia et al., 2019).  
Serum albumin:  

Albumin level was analyzed in the present 
study, and results showed that when its level was 
compared between the acute burned group and the 
control in day 1, there was a significant reduction in the 
acute burned group.  

This finding was consistent with the data 
reported by Saleh et al. (2018) that showed that there 
was a significant difference between the level of the 
serum albumin between controls and burned cases on 
day 1 samples.   
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Burns induce a strong inflammatory response 
that causes the release of the vasoactive substances, 
which increases the skin permeability to water, albumin, 
and even larger protein molecules, this process peaks 
during the first 24 hours, coupled with a reduction in the 
albumin mRNA response to the burn and an increased 
synthesis and accumulation of acute-phase reactants. 
After this initial phase, hypoalbuminemia persists 
because of the lack of its synthesis, its loss through 
damaged skin areas, and deficiencies in nutritional 
support (Aguayo-Becerra et al., 2013). 

The present study showed significant 
reduction in the albumin level in day 5 and 14 when 
compared with day 1 and there was negative 
correlation between the albumin level and the total 
burn surface area in day 1, 5 and 14 samples, the 
greater the total burn surface area was the more drop in 
the albumin level, hypoalbuminemia was closely 
related to the burned area, which is considered to have 
predictive value for mortality. 

This finding was consistent with the data 
reported by  Aguayo-Becerra et al. (2013) who found a 
severe hypoalbuminemia (<2 g/dL), which was observed 
in 15 of the 73 burn patients and it was strongly associated 
with an increase in the affected area (p<0.001). 

Burns produce hypermetabolic and 
hypercatabolic responses, which are related to the 
extent and depth of the injuries. Burns affecting >20% 
of the body surface cause a major loss of extracellular 
fluids, thereby inducing shock by increasing vascular 
permeability and reducing plasma albumin from the 
wound exudations (Saleh et al., 2018). 

There was a statistical significant reduction in 
the level of the albumin in non survivors when compared 
with survivors; the albumin level was much less in non 
survivors than survivors in this current study.   

This finding was consistent with the data 
reported by Aguayo-Becerra et al. (2013), that showed 
that patients with albumin levels <2 g/dL had a 
mortality risk of >80%, with 84% sensitivity and 83% 
specificity. In admission, the albumin level could be 
used as a sensitive and specific marker of burn severity 
and as an indicator of mortality.  

The results of the current study were in 
consistent with the data reported in a cross-sectional 
study with fewer patients, Mansour et al., (2017) 
reported a mortality rate of <10% in severely burn 
patients in whom hypoalbuminemia was frequently 
observed, demonstrating a significant association 
between the extent of the burn and the serum albumin 
level, which is consistent with the present study. 
However, the authors found no relationship between 
the level of this protein and hospital stay, complication 
rate, or mortality which is inconsistent with the present 
study. 

The results in the present study were 
consistent with the data reported by Aguayo-Becerra et 
al. (2013) who conducted a cross-sectional analysis of 
147 burn patients and its results showed that albumin 
level not only predicted mortality but also the risk of 
developing kidney failure, which eventually resulted in 

100% mortality in the 28 patients who developed this 
complication. 

The results reported by the present study were 
consistent with the data reported by Eljaiek and 
Dubois (2013) who performed a cross-sectional study 
of 56 burned patients with a total burn size of 
30.3±10.9%: 36 (64.3%) patients had 
hypoalbuminemia (<30 g/L) and 20 (35.7%) had 
albumin levels >30 g/L. The authors demonstrated that 
the presence of hypoalbuminemia in the first 24 hours 
after injury was an independent predictor of organ 
dysfunction. They observed no mortality in the patients 
with normal albumin levels but 16.7% mortality in 
patients with hypoalbuminemia. However, the 
difference was not statistically significant, likely 
because the sample size was small.  

The albumin is the only modifiable factor 
related to outcomes because its level can be corrected 
by administering human albumin solutions.  
Platelets: 

In the present study platelets showed that 
there was no statistically significant difference between 
the acute burned group and control in day 1, there was 
significant reduction in the level of day 5 when 
compared with day 1 and day 14, this finding was 
consistent with the data reported by Warner et al. 
(2011) that indicated that thrombocytopenia is initially 
seen in patients with burn injury as a transient 
occurrence during the first week after injury. 
Subsequent decreases occur later in the course of 
treatment and are commonly due to sepsis, dilutional 
effects, and medication exposure.  

Platelets count decreases due to bacterial 
infection associated with bacteremia which leads to 
platelets consumption, Thrombocytopenia usually 
occurs early and can be an early indication of 
bacteremia in burn patients (Yeaman, 2019). 

There was negative correlation between the 
platelets count and the total burn surface area, this 
currently finding was consistent with the data reported 
by Marck et al. (2013) that indicated that there was a 
nadir in day 3 followed by a peak in day 15 and a 
temporary thrombocytosis. Age and TBSA% influence 
this course. In the pgresent study only TBSA % 
influenced the course and that it was because the ages 
included in the study were from 18-45 the extremes of 
age were not included.  

In the present study there was statistical 
significant reduction in the level of the platelets in non 
survivors when compared with survivors. The 
incidence of thrombocytopenia in survivors and non 
survivors was statistically significant. Non survivors 
demonstrated a more profound drop in platelet count 
during the first week after injury and had a more 
depressed platelet recovery curve than survivors, this 
finding was consistent with the data reported by 
Marck et al. (2013) that showed that survivors showed 
decrease in platelet count in the initial post-burn days 
followed by rise in platelet count to the normal level on 
subsequent post-burn days of 32 burn patients, 14 
survived having rebound increase in platelet count of 
30 patients in survivors, platelet count on the 7th post-
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burn day decreased below the normal level. Seventh 
day onward, it started increasing and reached up to the 
normal levels on the 15th post-burn day Thus, the 
rising trend in platelet count in survivors after initial 
fall coincides with this study. 

Declining in platelet count was observed with 
development and progression of septicemia. Thus, this 
declining platelet count can be correlated with bad 
prognosis of patients. The platelets were observed for 
progressive decrease in their count on subsequent post-
burn days in non-survivors. They correlated this 
observation with bad prognosis of the patient (Marck 
et al., 2013) 

The early development of thrombocytopenia 
with depressed in the burn patient is associated with 
increased mortality risk and is influenced by the extent 
of burn, inhalation injury and the development of 
sepsis (Aguayo-Becerra et al., 2013). 

However Marck et al. (2013) recorded that 
platelet count on any post-burn day is not primarily 
dependent on the extent of the burn injury but depends 
only on sepsis in burns.  
C -Reactive protein: 

In the present  study as regards CRP there was 
a statistical significant difference between acute burned 
cases  and the control, there was significant increase in 
the level of CRP at different study periods when 
compared with  controls, significant increase in day 
5,14 when compared with day 1, this finding was 
consistent with the results reported by Lavrentieva et 
al. (2007) that showed that  CRP was elevated in all 
burned patients  but didn’t differ significantly between 

systemic inflammatory response syndrome non-
infected and septic patients.   

CRP is considered as a general marker for the 
inflammatory response, is an acute phase protein 
synthesized and released by the liver. CRP is 
dramatically increased post burn, but decreases over 
the hospital course (McPherson et al., 2011). 

CRP an acute phase serum protein, is a 
surrogate for the pro-inflammatory interleukin IL-6 
(Khan et al., 2017).  

It activates the complement system and binds to 
Fc receptors.  Significant rise in CRP indicates clinically 
relevant inflammation, and in contrast, the absence of a 
high CRP helps in exclusion of infection/inflammation 
(Esenwa and Elkind, 2016). For example, CRP plasma 
concentrations exceeding 8 mg/dl can distinguish the 
inflammatory response due to infection from other types 
of inflammation indicating that CRP levels can be 
predictive of infection (Sproston and Ashworth, 2018). 
John et al. (2017) showed that a rise in CRP serum 
levels significantly predicted the incidence of major 
infection 2.3 days before sepsis occurred. 

There was positive correlation between CRP 
and total burn surface area in day 5, 14 as there was no 
correlation in day 1, there was no statistical significant 
difference  in the level of the CRP in non survivors  
when compared with survivors in day one, but there 
was statistical significant increase  in the level of the 
CRP in non survivors  when compared with living 
persons in  day 5 and 14, this finding was consistent 

with the data reported by Huang et al. (2018)  which 
showed that  CRP values significantly correlated with 
burn size, survival and gender. Significantly higher 
levels of CRP were found in large burns, in non-
survivors, and in females, p<0.05.  

In the present study, we did find a significant 
difference in the CRP levels over time between 
survivors and non-survivors groups starting in days 
post burn Survivors had lower CRP levels at every time 
point except day sample.  

In a follow-up study evaluated CRP and pro 
calcitonin (PCT), was found that PCT did not correlate 
and predict sepsis; however, a rise in CRP of 1.5 mg/dl 
indicated sepsis and a rise of 3 mg/dl indicated severe 
bacterial or fungal infection (Jeschke et al., 2013). 

A study by Lavrentieva et al. (2007) showed 
that CRP did not correlate with sepsis incidence. 
Controversy exists regarding conflicting results from 
studies that investigated the effect of CRP as the 
marker of severe infections after burn.  

 The data in the present study were consistent 
with the data reported by Jeschke et al. (2013) that 
implied that CRP is not a predictor of infection, 
however, is a good marker that reflects the homeostasis 
of the burned patient.  
Predicting prognosis based on plasma cholinesterase 
activity in severe burn patients: 

ROC curves for predicting prognosis were 
plotted and they showed that the best cut off point for 
plasma cholinesterase in day 1 for differentiation 
between the burned cases and the control   was found ≤ 

6223(u/l) with sensitivity of 100%, specificity of 90% 
and area under curve (AUC) of 96.3% while for 
albumin the best cut off point was found ≤ 3.4(g/dl) 

with sensitivity of 53.33%, specificity of 90% and 
AUC of 78.2 while CRP cut off point between cases 
and controls was found > 13 (mg/l) with sensitivity of 
100%, specificity of 100% and AUC of 100%. 

Another ROC curve for plasma cholinesterase as 
a prognostic marker showed that the best cut off point for 
plasma cholinesterase as a prognostic marker in day 1 was 
found ≤3320 with sensitivity of 100%, specificity of 

100%, in day 5the best cut off point was found ≤2568 

with sensitivity of 100%, specificity of 90.48%, and in 
day 14 the best cut off point was found ≤2214 with 

sensitivity of 100% and specificity of 100%. 
A ROC curve for the albumin as a prognostic 

marker showed that the best cut off point for albumin 
as a prognostic marker in day 1 was found ≤3.3 with 

sensitivity of 88.89%, specificity of 66.67%, in day 5 
the best cut off point was found ≤2.3 with sensitivity of 

100%, specificity of 80.95%, and in day 14 the best cut 
off point was found ≤2.2 with sensitivity of100% and 

specificity of 90.48%. 
A ROC curve for the platelets as a prognostic 

marker showed that the best cut off point for platelets 
as a prognostic marker in day 1 was found ≤310 with 

sensitivity of 77.78%, specificity of 66.67%, in day 5 
the best cut off point was found ≤149 with sensitivity 

of 88.89%, specificity of 100%, and in day 14 the best 
cut off point was found ≤350 with sensitivity of 

88.89% and specificity of 80.95. 
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A ROC curve for CRP as a prognostic marker 
showed that the best cut off point for CRP in day 7 was 
found >126 with sensitivity of 100%, specificity of 
100%, and in day 14 the best cut off point was found 
>106 with sensitivity of 100% and specificity of 100%. 
The sensitivity of plasma cholinesterase with the other 
parameters: 

In day 1 the plasma cholinesterase sensitivity 
was the highest when it was measured alone (100%), it 
was the lowest when combined with CRP (50%). 

In day 5 the plasma cholinesterase sensitivity 
was the highest (100%) when it was measured alone, 
combined with CRP, when combined with albumin and 
when combined with CRP, albumin collectively, it was 
the lowest when combined with platelets (94.5%). 

In day 14 the plasma cholinesterase sensitivity 
was the highest (100%) when it was measured alone, 
combined with CRP, when combined with albumin and 
when combined with CRP, albumin collectively, it was 
the lowest when combined with platelets (94.5%). 

The high sensitivity of plasma cholinesterase 
with albumin and CRP in comparison with its sensitivity 
with platelets is due to the non-specific inflammation 
that occurs after severe burn. During this process, 
plasma proteins synthesized in the liver which are called 
acute phase proteins (APPs) when their concentrations 
increase or decrease by at least 25%. Some APPs, such 
as CRP increase in concentration and are known as 
positive APPs. Conversely, other APPs, such as albumin 
decrease in concentration and are known as negative 
APPs. In the current study, CRP increased continuously, 
while albumin decreased after injury, similar to plasma 
cholinesterase activity, Moreover, plasma cholinesterase 
was found to be significantly and positively correlated 
with albumin at all-time points and significantly and 
negatively correlated with CRP at all-time points except 
post-injury day 1. Thus, it appears that changes in 
plasma cholinesterase activity are consistent with 
negative APPs concentrations and the correlations 
between them are significant. Furthermore, since 
proteins are synthesized in the liver and plasma 
cholinesterase activity was reduced by more than 25% in 
days 1, 5, and 14 samples compared with the control, 
plasma cholinesterase fits the definition of an APP and 
can be regarded as a negative APPs (Ansar and Ghosh, 
2016). 

From medicolegal point of view we can 
decide if the death was due to physician negligence or 
as an anticipated consequence of burn injury by 
measuring the previous investigating predictors of 
mortality with high sensitivity in cases of burn injuries 
that can be determined in early stage of burn before 
start of medical interventions to reflect severity of 
injury and body response to it. 

Conclusion  
The current study concluded that plasma cholinesterase 
can be measured as a prognostic index alone with 
100% sensitivity in day 1, 5 and 14 post burn. When it 
is measured adjuvant to platelets in day 1 sensitivity is 
98%, to CRP in day 5 and 14, the sensitivity is 100%, 
to albumin in day 5, 14, and the sensitivity is 100%. 
When the three parameters (plasma cholinesterase, 

albumin and CRP) were collectively measured the 
sensitivity is 100%.  

Recommendations 
The present study recommended Plasma cholinesterase 
to be measured as a routine clinical laboratory test for 
the admitted acutely burned patient. 
 Plasma cholinesterase to be measured alone as a 

prognostic index or adjuvant to albumin, CRP or 
both is advised.  

 Since plasma cholinesterase is synthesized in liver, 
its measuring is unsuitable for patients with major 
liver dysfunction so further similar studies are 
advised to be conducted on severe burnt hepatic 
patients.  

 Since plasma cholinesterase is present in readily 
available blood products caution should be 
considered when interpreting its level in burned 
patients received blood transfusions.  

 Further study to be conducted on a larger sample 
size.  
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 الحادة؟ الحروق حاالت في مساعذ تنبؤي مؤشر يكون ان البالزما إستيريس لكوليه الممكه مه هل

 مستقبلية إكلينيكية دراسة

 1نبيل  وداليا، 2سيد امحد حممدو  ,1السيد أماينو  ,1فكري يامسني
 الملخص العربي

 :المقدمة
إْ أٍّ٘ح اٌّؤششاخ اٌرىٍٕٙح فً حاالخ اٌحشٚق الذعرّذ فمػ عًٍ اٌرٕثؤ تحاٌح اٌّشٌط ٌٚىٓ أٌعا ِٓ أخً ذٛصٌع 

اٌّشظً فً ِدّٛعاخ ٌرحذٌذ شذج اٌحاٌح ِٓ اخً األغشاض اٌعالخٍح. ٚعًٍ اٌشغُ ِٓ اْ اٌرٕثؤ اٌحمٍمً تحاٌح اٌّشٌط 

اٌمٍاط اٌىًّ ٌحاٌح اٌّشظى تاعرخذاَ ذٍه اٌّؤششاخ ٌعذ را أٍّ٘ح وثٍشج  اٌّغرمثٍٍح ٌعذ اُ٘ ٚأٚي عؤاي ٌذي اعشج اٌّشٌط,فئْ

ٌّشاوضعالج اٌحشٚق فً اذخار لشاس اٌغٍاعح اٌعالخٍح. فىٍّا وأد دلح ٘زا اٌّؤششاخ عاٌٍح, وٍّا وأد رٚ فائذج وثٍشج ٌٍغشض 

)تععٙا ٍِّد( فئْ  ادعاء اإلّ٘اي أِش ٚاسد. اٌّغرخذِٗ ِٓ أخٍٗ . ٚٔظًشا الحرّاي حذٚز عذج ِعاعفاخ تعذ اإلصاتح تاٌحشٚق 
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ٚلذ ٌذعً ألاسب اٌّشٌط أْ اٌٛفاج ٔاذدح عٓ عٛء إداسج اٌفشٌك اٌطثً اٌّعاٌح ٌٍٚظ ٔرٍدح اٌّعاعفاخ اٌرً ال ِفش ِٓ 

ٚ اٌشعاٌح لذ حذٚثٙا.ٚوّا ٘ٛ اٌّعراد فً لعاٌا عٛء ِّاسعح إٌّٙح، فئْ اٌغؤاي ٌىْٛ دائّا ٘ٛ ً٘ واْ  عٍٛن اٌطثٍة اٌّعاٌح  أ

 .إٔحشف عٓ ِعٍاس اٌشعاٌح اٌّعّٛي تٗ أَ ال؟

اٌٙذف ِٓ ٘زٖ اٌذساعح ٘ٛ ذمٍٍُ اٌذٚس اٌّحرًّ ٌٍثالصِا وٌٍٛٓ إعرٍشٌض وّؤشش ذٕثؤي ِغاعذ فً حاالخ اٌّشظى اٌزٌٓ 

 ٌعأْٛ ِٓ حشٚق شذٌذج ٌٍرأوذ ِٓ إدعاءاخ عٛء اٌّّاسعح.

 04) حاٌح04اعرطالعٍح أخشٌد فً ٚحذج اٌحشٚق تّغرشفى اٌذِشداػ عًٍ اٌذساعح اٌحاٌٍح ً٘ دساعح  ِٕٙدٍح اٌذساعح:

ِدّٛعح ظاتطح(. ذُ خّع عٍٕاخ اٌذَ ِٓ وً حاٌح ذحد اٌذساعح فً اٌٍَٛ األٚي ٚاٌخاِظ ٚاٌشاتع  04ِشٌط حشٚق حادج ٚ

ٍٓ عً اٌرفاعًٍ. واْ ٕ٘ان عشش تعذ حذٚز اٌحشق ٌمٍاط ِغرٛي وٌٍٛٓ إعرٍشٌض اٌثالصِا, االٌثٍِٛٓ, اٌصفائح اٌذٌِٛح ٚتشٚذ

فشٚق راخ دالٌح إحصائٍح تٍٓ ِدّٛعح اٌحشٚق ٚاٌّدّٛعح اٌعاتطح فٍّا ٌرعٍك تاٌمٍاعاخ اٌغاتك روش٘ا فً اٌٍَٛ األٚي ٚاٌخاِظ 

ض ٚاٌشاتع عشش تاعرثٕاء ذشوٍض اٌصفائح اٌذٌِٛح فً عٍٕح اٌٍَٛ األٚي. واْ ٕ٘ان اسذثاغ عٍثً رٚ دالٌح إحصائٍح تٍٓ وٌٍٕٛغرشٌ

اٌثالصِا ,اٌصفائح اٌذٌِٛح ,األٌثٍِٛٓ ٚإخّاًٌ ِغاحح عطح اٌحشق تٍّٕا ٚخذ اسذثاغ إٌداتً ِع تشٚذٍٓ عً اٌرفاعًٍ . واْ ٕ٘ان 

تاعرثٕاء تشٚذٍٓ  00ٚ  5ٚ  0فشٚق راخ دالٌح إحصائٍح تٍٓ إٌاخٍٓ ٚغٍش إٌاخٍٓ فٍّا ٌرعٍك تدٍّع اٌمٍاعاخ اٌّذسٚعح فً اٌٍَٛ 

ٌٛحظ فشق إحصائً . وأد حغاعٍح إٔضٌُ اٌىٌٍٕٛغرشٌض فً اٌثالصِا عٕذ لٍاعٗ تّفشدٖ  00ٚ  5واْ فً اٌٍَٛ  عً اٌرفاعًٍ  فمػ 

% فً اٌٍَٛ اٌخاِظ 044% ٚعٕذ لٍاعٗ ِع تشٚذٍٓ عً اٌرفاعًٍ أٚ األٌثٍِٛٓ أٚ وٍٍّٙا وأد 044فً فرشاخ اٌذساعح اٌّخرٍفح 

 ٚاٌشاتع عشش.

٪ فً اٌٍَٛ 044وٌٍٕٛغرشٌض اٌثالصِا ٌّىٓ أْ ٌىْٛ ِؤشش ذٕثؤي تّفشدٖ تحغاعٍح ٌٚغرخٍص ِٓ ٘زٖ اٌذساعح أْ لٍاط 

٪ فً اٌٍَٛ األٚي تعذ 89األٚي ٚاٌخاِظ ٚاٌشاتع عشش تعذ اٌحشق، ٚعٕذِا ٌرُ لٍاعٗ ِع ذشوٍض اٌصفائح اٌذٌِٛح ذمً اٌحغاعٍح إٌى 

٪ ٚ٘زا فً اٌٍَٛ اٌخاِظ 044ٍّٙا ِعا  ذىْٛ اٌحغاعٍح اٌحشق، ٚعٕذِا ٌرُ لٍاعٗ ِع تشٚذٍٓ عً اٌرفاعًٍ أٚ االٌثٍِٛٓ أٚ وٍ

 .ذٛصً ٘زٖ اٌذساعح تئعرخذاَ  وٌٍٕٛغرشٌض اٌثالصِا وّمٍاط ِعًٍّ سٚذًٍٕ ٌٍّشٌط اٌّصاب تحشٚق حادج.ٚاٌشاتع عشش

 

 

 

 

 

 
 اإلوٍٍٍٕىٍح، ٚاٌغَّٛ اٌششعً اٌطة لغُ .0

 ٚاٌفىٍٓ ٚاٌٛخٗ ٚاٌحشٚق اٌردًٍّ خشاحح لغُ .2

 

 


