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Abstract
Introduction. Crushing syndrome can affect all structures of a limb and can cause unique or complex 

injuries. The clinical picture of the injuries is nonspecific and extremely varied, and is not characteristic of 
the mechanism that generated it. The aim of our study was to correlate the changes of ALD A (aldolase A) 
and CAIII (carbonic anhydrase III) in the appearance and evolution of the crushing syndrome.

Material and methods. The present study included 22 patients with crushing syndrome. The control 
group consisted of 20 healthy subjects. IL-6 (interleukin-6), CK (creatine kinase), ALD A and CAIII blood 
levels were determined simultaneously from all the participants to the study. Statistical analysis was 
performed using IBM SPSS Statistics 25 and Microsoft Office Excel / Word 2013. 

Results. Our results showed significantly increased levels of ALD A, CAIII, IL-6 and CK in patients 
with crushing syndrome. However, no statistically significant correlations could be found between the 
studied biomarkers. 

Discussions. So far, in the medical literature, very few studies focused on the correlation between the 
occurrence of crushing syndrome and changes in ALD A and CA III levels.

Conclusions. Our study showed that ALD A and CAIII may become important biomarkers for the rapid 
diagnosis of crushing syndrome in the future.

Keywords: crushing syndrome, aldolase A, carbonic anhydrase III, trauma

Article History:
Received: 14 September 2021
Accepted: 25 September 2021

INTRODUCTION

Crushing syndrome can affect all structures of a 
limb and can cause unique or complex injuries. The 
clinical picture of the injuries is nonspecific and ex-
tremely varied, and is not characteristic of the mecha-

nism that generated it. The clinical picture is expressed 
according to the extent to which each of these struc-
tures has been affected. It has been shown that the link 
between the onset of crushing syndrome and the 
change in biochemical markers can be used for prog-
nostic purposes of the evolution of crushing syndrome. 
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Among others, the concentration of skeletal muscle en-
zymes and proteins in serum or plasma are used to 
evaluate the functional status of muscle tissue, which 
can vary widely in both pathological and physiological 
conditions [1].

Aldolase A (ALD A) is an enzyme found in a variety 
of tissues, and although different expressions of this 
parameter can be found in many disorders, such as 
skeletal and inflammatory muscle disease, polymyosi-
tis, dermatomyositis, and in muscular dystrophy, few 
publications have reported variations in the serum lev-
els of this marker in the crush syndrome context. 

Carbonic anhydrase III (CAIII) is a member of the 
carbonic anhydrase (CA) family, which is abundantly ex-
pressed in skeletal muscles, liver and adipocytes [2-4]. 
CAIII plays an essential role in regulating intracellular 
pH and maintaining the acid-base balance. It also has 
an antioxidant role in energy metabolism, involved in 
the appearance and development of fatigue [2-4].

When subjected to severe injuries, skeletal muscles 
can hardly benefit from full functional restoration, 
therefore, early diagnosis of muscle injuries is very im-
portant for the therapeutic decisions in order to insure 
the full recovery of injured muscles. Muscle injuries 
trigger changes in terms of physical, physiological and 
biochemical aspects. However, the metabolic distur-
bances in the injured muscle are illustrated by the re-
lease in the extracellular matrix of specific biomarkers, 
such as: muscle proteins –myoglobin, troponin and en-
zymes – creatine kinase, the MM and MB isoenzymes 
(CK-MM; CK-MB), lactate dehydrogenase (LDH), aspar-
tate aminotransferase (AST), and, the very little stud-
ied, aldolase (ALD A) and carbonic anhydrase III (CAIII). 
Quantifying these parameters blood levels may con-
tribute substantially to muscle status evaluation.

AIM
The aim of our study was to identify the possible 

significant correlations between the acknowledged, 
but not very specific, muscle parameters (CK, IL-6) and 
two new possible candidates as biomarkers, ALD A and 
CA III, in the crushing syndrome context, in order to 
substantially improve the existing diagnostic and thera-
peutic protocols.

MATERIAL AND METHODS
The present study included the research carried out 

during the doctoral internship, performed on a group 
of patients, in which we aimed to identify a possible 
link between biochemical markers dedicated to muscle 
damage and ALD A, CA III, both by bibliographic re-
search and quantitative analysis and statistics of some 
parameters of interest. All the participants, patients 

and controls, provided the informed consent to partic-
ipate in the study. This study was approved by the Eth-
ics Committee of the Emergency Clinical Hospital 
(SCUB), Bucharest, Romania (6885/12.07.2021). 

The study included patients who have suffered a 
trauma due to a high-energy traumatic agent and pa-
tients who developed crush syndrome as a result of 
interaction with a medium energy, but with a pro-
longed duration of action on tissues.

Exclusion criteria from the study were: the pres-
ence of acute infectious diseases; the existence of a 
chronic infectious disease; a heart attack in the last 4 
weeks; muscle necrosis or muscle stress of non-trau-
matic etiology; active cancers with damage to organs 
or soft tissues; the presence of another autoimmune 
disease with damage to tissues and organs (myocyte 
destruction – eg. systemic lupus erythematosus, rheu-
matoid arthritis).

Blood samples collection and serum samples prepa-
ration for all analyzed parameters (IL-6, CK, ALD A and 
CA III) were performed simultaneously from a lot of 42 
subjects: 22 patients who have suffered a trauma due 
to a high-energy traumatic agent (patients who devel-
oped crush syndrome as a result of interaction with a 
medium energy but with a prolonged duration of ac-
tion on tissues), and 20 healthy subjects without any 
pathology of traumatic etiology that were included in 
the control group. The average age of the participants 
in the two groups was: 40 +/- 7 years for the patients 
who suffered a high energy trauma, and 37 +/- 11 years 
for the subjects included in the control group.

Measurement of serum biomarkers was performed 
using freshly frozen samples that were maintained at 
-80°C until the time of assay. For determining the levels
of ALD A and CA III we used Cusabio assay kit (Wuhan
Hi-tech Medical Devices Park – China) that was per-
formed on semiautomatic immunoassay system STAT
FAX 303 PLUS (Awareness Technologies). Serum IL-6
levels have been measured on a chemiluminescence
automatic analyzer, Maccura1200 Plus (China). For the
serum CK levels we have used a biochemistry automat-
ic analyzer, A25 – Biosystems, Spain.

Statistical analysis was performed using IBM SPSS 
Statistics 25 and Microsoft Office Excel / Word 2013. 
Quantitative variables were tested for distribution us-
ing the Shapiro-Wilk test and were expressed as means 
with standard deviations or medians with interpercen-
tile intervals. The independent quantitative variables 
with non-parametric distribution were tested using the 
Mann-Whitney U test and the independent quantita-
tive variables with parametric distribution were tested 
using the Student’s t-test (the existing correlations be-
tween them were tested using the Pearson correlation 
coefficient).
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RESULTS
Our results for the four studied parameters are 

summarized in Tables 1-6 and Figures 1-7. 

TABLE 1. Mean value of the parameters evaluated in the study

Parameter: Mean ± SD p* 
(p<0.001***)

CA III Control lot 
(p = 0.001**)

37.48 ± 19.31 ng/
ml

<0.001

Study lot 
(p = 0.316**)

154.06 ± 18.97
ng/ml

ALD A Control lot
(p = 0.664**)

961.82 ± 165.7 
pg/ml

Study lot 
(p = 0.414**)

3105 ± 849.81 pg/
ml

IL-6 Control lot 2.2±0.6 pg/ml
Study lot 8.52 ± 1.2 pg/ml

CK Control lot 218.6 ± 69 U/l
Study lot 1286.5 ± 561.6 U/l

Our results showed significantly increased levels of 
ALD A in patients with trauma (3105 ± 849.81 pg/ml) 
compared to the control group 961.82 ± 165.7 pg/ml) 
(p < 0.001) (Table 1, Figure 1). 

According to the Student’s test, patients in the 
study group had significantly higher CA III levels (1540.6 
± 18.97 ng/ml) compared to patients in the control 
group (37.48± 19.31 ng/ml) (p < 0.001) (Table 1,  
Figure 2).

TABLE 2. Correlation between carbonic anhydrase III and 
aldolase A levels in the study group

Corelation p*
CA III x ALD A 0.198, R = 0.285

*Pearson correlation coefficient

The data presented in Table 2 and Figure 3 shows 
that the is no significant correlation between CAIII and 
ALD A levels in the study group (p = 0.198, R = 0.285). 

FIGURE 1. Comparison of ALD A levels between the 2 groups

FIGURE 2. CAIII levels in patients with trauma compared to the control group
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TABLE 3. Correlation between carbonic anhydrase III and IL-6 
levels in the study group

Corelation p*
AC III x IL-6 0.701, R = -0.087

*Pearson correlation coefficient

Table 3 and Figure 4 present the correlation be-
tween carbonic anhydrase III values and IL-6 levels in 
the study group. The observed correlation between AC 
III and IL-6 was observed to be insignificant (p =0.701,  
R =-0.087), so in patients with crushing syndrome, no 
significant association was found between these two 
variables.

TABLE 4. Correlation between carbonic anhydrase III and CK 
levels in trauma patients

Corelation p*
AC III x CK 0.654, R = 0.189

*Pearson correlation coefficient

The data in Table 4 and Figure 5 represent the cor-
relation between CAIII and CK values in the study 
group. The observed correlation between CAIII and CK 
was statistically insignificant (p=0.654, R = 0.189).

FIGURE 3. Correlation between carbonic anhydrase III and aldolase A levels in crushing syndrome patients

FIGURE 4. Correlation between carbonic anhydrase III values and IL-6 valuesin the study group
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FIGURE 5. Correlation between CAIII and CK levels in the study group

FIGURE 6. Correlation between aldolase A and IL-6 levels in the study group

TABLE 5. Correlation between ALD and IL-6 levels in patients 
with trauma

Correlation p*
ALD A x IL-6 0.513, R = 0.147

*Pearson correlation coefficient

The observed correlation between ALD A and IL-6 
was insignificant (p = 0.513, R = 0.147), so no significant 
association was found between these two variables in 
patients with crushing syndrome.

TABLE 6. Correlation between aldolase A and CK levels in 
crushing syndrome patients

Correlation p*
ALD A x CK 0.829, R = 0.092

*Pearson correlation coefficient

DISCUSSIONS
Crush syndrome can cause some severe life-threat-

ening complications such multiple organ dysfunction 
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syndrome, acute kidney injury and acute compartment 
syndrome, disseminated intravascular coagulation and 
severe arrhythmia. 

Diagnosis of muscle crush injury is usually made 
through the correlation of clinical symptoms, by using a 
variety of imagining methods (such as CT, MRI and ul-
trasonography), or by using some classical blood mark-
ers such C-reactive protein (CRP), creatine kinase-mus-
cle (CK-MM), myoglobin, troponin, some species of 
interleukins, lactate dehydrogenase (LDH), aspartate 
aminotransferase (AST), fibrinogen, none of them be-
ing a specific biomarker for musculoskeletal injuries [5-
7]. 

So far, in the medical literature, there are very few 
publications that associate the occurrence of crushing 
syndrome with changes in ALD A and CA III values. 

ALD A is an enzyme expressed in a variety of tissues, 
the most representative being the muscle. ALD A levels 
are elevated in response to skeletal muscle disease, 
polymyositis, dermatomyositis, muscular dystrophy, 
and inflammatory muscle disease [8]. ALD A has been 
studied primarily in the context of osteoarticular dis-
eases (OAD) and compared with established markers of 
muscle destruction and inflammation– CK- MM, CRP.

ALD A has been shown to be a more sensitive prog-
nostic factor for skeletal muscle damage in patients 
with OAD than the other two markers, CRP and CK-
MM, and the results obtained were very significant (p < 
0.001) for all markers. Our data clearly indicated the 
presence of inflammation, which was confirmed by the 
CRP test and established skeletal muscle damage, by 

the presence of elevated levels of ALD A. CK-MM levels 
were also increased along with the other two biomark-
ers, indicating that muscle degeneration occurred in 
patients with OAD [8-11].

Therefore, the elevated levels of CRP, CK-MM and 
ALD A observed in patients with OAD confirmed that 
these biomarkers are predictive risk factors that can be 
monitored and serve as one of the best rapid and low-
cost diagnostic protocols, accessible even in the early 
progressive stage of OAD [12].

CAIII has been shown to be decreased in several dis-
eases related to fatigue and muscle pain, such as rheu-
matoid arthritis and systemic lupus erythematosus 
[13]. Serum level variation of this parameter was re-
ported in some diseases, such as rheumatoid arthritis, 
systemic lupus erythematosus, myasthenia gravis, but 
also after extensive physical activity that could lead to 
muscle fatigability and amyosthenia [13,14].

The aim of our study was to correlate the changes 
of ALD A and CA III in the appearance and evolution of 
the crushing syndrome.  Starting from the premise 
that ALD A and CA III undergo significant changes in the 
context of chronic osteoarticular diseases, our research 
team wanted to expand the research area of these two 
markers in traumatic pathology.

The data obtained in our study showed significant 
increases of the two markers (ALD A and CA III). These 
results encourage us to continue in the future the re-
search of these two markers (ALD A and CAIII) on a larg-
er number of patients with crushing syndrome. The in-

FIGURE 7. Correlation between aldolase A and CK levels in the study group
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creased specificity of these markers in the rapid 
diagnosis of crushing syndrome may contribute to the 
development of an early diagnostic protocol. This can 
lead to an increase in the survival rate of patients and a 
decrease in the occurrence of local and general compli-
cations, increasing the life expectancy of patients with 
crushing syndrome.

CONCLUSION 
Although our study is at the beginning and the num-

ber of patients is low, the results obtained are very 
promising. The significantly increased levels of ALD A 
and CA III in crushing syndrome patients suggests that 
these two markers may become an important part in the 
rapid diagnosis of the crushing syndrome in the future. 
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