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Introduction

The epidemiological data in the Republic of Moldova 
regarding the trauma showed alarming numbers, traumatic 
injuries being the first cause of death in the age group of 
1-44 years [1]. The principal causes of “traumatic death” are 
severe trauma and polytrauma. They are characterized by 
a series of systemic mechanisms activation with pro-/anti-
coagulant, pro-/antiinflammatory, endocrine, nervous and 
immune systems enrolment in order to restore/maintain the 
homeostasis [2]. 

Thus, in conditions of traumatic injuries, it’s important 
to consider both, the lesion severity and the host response. 
Under normal conditions, the aseptic inflammation, gener-
ated by trauma, remains local. Polytrauma or severe trauma 
amplifies the process and Systemic Inflammatory Response 
Syndrome (SIRS) occurs. As a result, the immune cells, 
forming inflammasomes, are activated via cytokines and 
chemokines, vascular permeability being increased via ex-
pression of adhesins in the surrounding endothelium. This, 
in turn, allows the immunocompetent cell accumulation 
besides injured tissues in healthy, normal tissues with fol-
lowing degranulation at this site. Consequently, some ag-
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Abstract
Background: Trauma remains a medical-social problem, still having high lethality rate. Indirect lung injury (ILI) occurs in trauma due to systemic 
neutrophils activation and proteases release into primarily intact tissues. There are no data in the literature regarding ILI predictive models in trauma. 
Material and methods: In the experimental study (19 traumatized male rabbits), the proteases, antiproteases and the pulmonary morphological changes, 
assessed according to the SAMCRS score (Semiquantitative Reflected Qualitative Changes Assessment Scale) were followed. There were used two statistical 
instruments – correlational analysis and multivariate linear regression. 
Results: Initially, a correlational analysis between the values of the SAMCRS score and the proteases/ anti proteases was performed. The null hypothesis 
was rejected (F = 7.017, p = .002). The correlation coefficient of the predicted results and the real values of SAMCRSlungs was .854, the determination 
coefficient being .626. The final model included the following parameters: constant (B = 9.427; 95% CI 7.341, 11.513; p <.001); α2-macroglobulin0 
(B = -4.053; 95% Cl -6.350, -1.757; p = .002); AEAMP0 (B = .002; 95% CI .000, .004; p = .075); AEAMP24 (B = -. 006; 95% CI -.010, -.002; p = .003); AECG2 
(B = .081; 95% CI .040, .122; p = .001); AEE0 (B = -. 026; 95% CI -.040, -.011; p = .002). 
Conclusions: In this research, a predictive model for indirect lung injury in experimental trauma was developed, the predictors being some elements 
of the proteases/antiproteases system. This, in turn, allows the hypotheses emission regarding the pathophysiology, prophylaxis and treatment of ILI.
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gressive agents, as reactive oxygen species (ROS) and pro-
teases, determine the lesions in the tissues that are far from 
the primary traumatic lesions. As named “indirect” inju-
ries, decreasing the functional reserves with organs failure 
(sometimes multiple organ failure (MOF)) appearance are 
an unresolved problem in critical care patients manage-
ment [3]. 

Literature has described “indirect” injuries in different 
organs: central nervous system/brain and spinal column 
– disruption of the blood-brain and blood-spinal barriers, 
heart – acute coronary syndrome, liver – acute hepatic in-
juries, kidney – acute kidney injuries, endothelium of sys-
temic vessels – disseminated intravascular coagulation etc. 
[4-7]. Indirect lung injury (ILI or indirect ARDS (Acute 
Respiratory Distress Syndrome)) represents the most com-
mon type of “indirect” injuries, explanation being neutro-
phils rapid accumulation (minutes, hours) in the interstitial 
space and bronchoalveolar fluid of the lungs after the trigger 
factors influence. This can be explained by some pulmonary 
microcirculatory bed particularities, neutrophils redistribu-
tion before trigger factor actioning, their passage through 
alveolocapillary barrier and late apoptosis. Compared with 
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other organs where cells can concentrate in the postcapil-
lary venules, in the lungs, they will cumulate in the capil-
laries themselves that are connected in a short segment net-
work. This will increase about 50 times the capillary walls 
exposure period to neutrophils compared to other body ar-
eas [8]. Existing therapies, especially synthetic antiproteases 
administration, did not show efficiency in order to decrease 
the mortality rate – data from randomized clinical trial [9] 
and meta-analysis from 2017 [10].

Taking into account the information above ILI needs ad-
ditional researches. The study aim was indirect post-trau-
matic lung injury predictive model elaboration for hypothe-
ses emission regarding the pathophysiological mechanisms, 
prophylaxis and potential therapies of ILI. 

Material and methods

In the experimental study were used 19 severely trauma-
tized rabbits according to the method described above [11]. 
The proteases, antiproteases and the pulmonary morpho-
logical changes, assessed according to the Semiquantitative 
Reflected Qualitative Changes Assessment Scale (SAMCRS), 
were analyzed. 

Protease/antiprotease system components were used 
as biomarkers/predictors of “indirect” lesions and lung 
functional state at 24 hours after trauma. From collected 
and frozen samples, later, Elastase (AEE), Cathepsins G 
(AECG), D (AECD), L (AECL), H (AECH), Trypsin (AET), 
Adenosinedesaminase (AEADA) and Adenilatdesaminase 
(AEAMP) enzymatic activity, the same as ά2-mасrоglоbulin 
and ά1-аntitryрsin was measured before, at 2, 5 and 24 
hours after the trauma, using spectrophotometry method. 

Collected tissue samples analysis was used as an in-
strument for “indirect” lesion quantification. Initially, the 
collected samples followed the hematoxylin eosin color-
ation technique: fixation, washing, dehydration, waxing, 
sectioning, etalation, dewaxing, hydration, coloration and 
mounting. Morphological pieces examination was per-
formed using artificial light optical microscope (”Miсrоs”, 
Austria) using objectives needed for an optimal amplifi-

cation (x100 or x200 each time) of the studied structures. 
Histological samples were evaluated from 0 to 3 based on 
SAMCRS as follows: 0 – no any notable changes, 1 – weak 
changes, 2 – moderate changes, 3 – excessive changes. SIRS 
characteristics where analyzed for every tissue. Interstitial 
edema, venous congestion, interstitial granulocyte infiltra-
tion, hemorrhagic impregnation, lung hemosiderosis were 
attested. SAMCRSlungs score  was appreciated by summing 
all the intensities of the listed above changes observed in the 
lungs [11].

There were used two statistical instruments – correla-
tional analysis (Spearman ρ test) with effect size estimation 
and multivariate linear regression.  Initially, by building a 
histogram (extremes identification) and by distribution 
analysis (Shaporo test) of the measured biochemical and 
histological parameters, they were identified and where 
needed, normalized (by logarithmic function), the data was 
prepared for identification of the potential biomarkers/pre-
dictors of the “indirect” lung injury. Using the Spearman ρ 
test there were identified the associations (p<.05) or tenden-
cies to associate (p<.1) of the protease/antiprotease system 
components with SAMCRS for ILI. At the same time, there 
were analyzed the associations between different proteases/
antiproteases system components in order to identify the 
potential sources for multicollinearity as an obstacle for pre-
dictive models’ elaboration.

Minimal sample size was estimated by using version 
3.1.9 GPower software [12]. Left side of the figure shows the 
distribution plot estimating correlation coefficient critical 
value. On the right side are listed the parameters needed for 
sample size estimation (fig. 1). Calculated minimal number 
of the statistical units was 15 (power 0.8, α=0.05, expected ρ 
value being 0.6, using unilateral hypotheses). 

Having 19 statistical units, we can consider a sufficient 
research power.  Finally, was elaborated a predictive model 
for “indirect” lung injury in the experimental severe trau-
ma. The applied statistical method to elaborate the models 
able to predict the “indirect” lesion severity was the linear 
regression (backward method) used according to the stan-
dards recommended by the literature sources [13].

Fig. 1. Distribution with critical r (left) and sample size estimation (right)
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Results

Correlation analysis showed the following correlations 
(p<.05) or tendencies for correlations (p<.1). SAMCRSlungs 
was associated with AET0 (r=-.343, p=.075, effect size 
.12), AET2 (r=.466, p=.022, effect size .22), AET24 (r=-
.358, p=.066, effect size .13), α2-macroglobuline2 (r=-.401, 
p=.044, effect size .16), AEAMP24 (r=.311, p=.097, effect 
size .01), AECG2 (=.590, p=.004, effect size .35), AECG24 
(r=-.317, p=.093, effect size .10), AECL2 (r=.441, p=.029, ef-
fect size .20), AEE0 (r=-.479, p=.019, effect size .23), AEE24 
(r=-.342, p=.076, effect size .17). These potential biomarkers 
were used for ILI prediction. Also, because of possible pre-
disposition for ILI, were considered the initial values, before 
the trauma. 

Predictive model for SAMCRSlungs was elaborated us-
ing backward technique. The final model correlation coef-
ficient between predicted histological modifications and 

real SAMCRSlungs value was .854, determination coefficient 
equal to .626, the sum of squares being 17896 from 24526 
possible. The null hypothesis (there are no parameters with 
predictive potential for SAMCRSlungs values at 24 hours after 
experimental trauma) was rejected (F=7.017, p=.002).

The final model included the following parameters  
(tab. 1):
•	 Constant (B=9.427; 95%CI 7.341, 11.513; p<.001);
•	 α2-macroglobulin0 (B=-4.053; 95%CI -6.350, -1.757; 

p=.002);
•	 AEAMP0 (B=.002; 95%CI .000, .004; p=.075);
•	 AEAMP24 (B=-.006; 95%CI -.010, -.002; p=.003);
•	 AECG2 (B=.081; 95%CI .040, .122; p=.001);
•	 AEE0 (B=-.026; 95%CI -.040, -.011; p=.002).

Other potential biomarkers like AET0, AET2, AET24, 
AECG24, AECL2, AEE24 the same as for their value before the 
trauma were not significative, thus, they weren’t included in 
the final model of “indirect” lung lesions prediction. The 

Table 1.  Linear regression coefficients and collinearity analysis for SAMCRSlungs values prediction in 
experimental severe trauma

Unstandardized 
Coefficients

Standardized 
Coefficients

t Sig.

95.0% Confidence 
Interval for B

Collinearity Statistics

B
Std. Er-

ror
Beta

Lower 
Bound

Upper 
Bound

Tolerance VIF

(Constant) 9.427 .966 9.763 .000 7.341 11.513
α2-macroglobulin0 -4.053 1.063 -.847 -3.813 .002 -6.350 -1.757 .421 2.373

AEAMP0 .002 .001 .430 1.937 .075 .000 .004 .423 2.366

AEAMP24 -.006 .002 -1.353 -3.569 .003 -.010 -.002 .145 6.905

AECG2 .081 .019 1.089 4.306 .001 .040 .122 .325 3.076

AEE0 -.026 .007 -.698 -3.840 .002 -.040 -.011 .630 1.588

Note: Std. Error –standard error for B coefficient, t – t test, Sig. – significance, VIF – variance inflation factor, α2-macroglobulin0 - α2-macroglobulin enzymatic 
activity before trauma, AEAMP0 - Adenosinedesaminase before trauma, AEAMP24 – Adenosinedesaminase measured at 24 hours after trauma, AECG2 – 
Cathepsin G enzymatic activity measured at 2 hours after trauma, AEE0 – Elastase enzymatic activity measured before the trauma

Fig. 2.  Standardized residual distribution (left) and scatterplot of the standardized predictive values and standardized residuals (right)
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obtained model has the following mathematical expression 
(Equation 1):

SAMCRSlungs at 24 hours = 9.427 - α2-macroglobulin0 * 
4.053 + AEAMP0 * .002 - AEAMP24 * .006 + AECG2 * 

.081 - AEE0 * .026 (Equation 1)

As the analysis of collinearity showed, the quality of the 
prediction is not affected by the potential strong correlations 
between the parameters included in the model (Tolerance 
and VIF being more than 0.1 and less than 10 respective-
ly). From a quantitative point of view, it has been demon-
strated by standardizing the coefficients that the effects of 
AEAMP24 on SAMCRSlungs are the most significant (Beta=-
1.353), followed by AECG2 (Beta=1.089), α2-macroglobulin0 
(Beta=-.847), AEE0 (Beta=-.698) and AEAMP0 (Beta=.430).

In addition, the developed model also met the neces-
sary conditions for residual linear regression. Their analy-
sis demonstrated an almost normal distribution and lack 
of associations between standardized predictive values and 
standardized residuals (fig. 2). All these together allow us to 
consider the model as a suitable one.

Considering that the model was developed on a rela-
tively small number of participants, which increases the 
risk of model instability, especially since the latter included 
five biomarkers in addition to the constant, resampling was 
performed by bootstrapping (tab. 2). The model has shown 
its stability, AECG2, AEAMP0 and α2-macroglobulin0 being 
potential biomarkers for distant lung damage. The effects of 
AEAMP24 and AEE0, even if significant and stable, require 
verification in subsequent studies.

Discussion

In severe trauma or polytrauma through cytokine storm 
immunocompetent cells are activated, infiltrate intact tis-
sues and produces “indirect” lesions [14]. Actual research 
had the aim to probe the proteases/antiproteases compo-
nents, deposited in neutrophils and other immunocompe-
tent cells, as predictors for posttraumatic ILI by histological 
modification modeling. Obtained information, in perspec-
tive, will complete the knowledge in this field.

In general, elaborated model showed acceptable charac-
teristics with no multicollinearity, no residuals problem and 

stability, according to linear regression procedure [13]. The 
model included both, proteases and antiproteases, each of 
them having protective or destructive potential. The con-
cept of the antiproteases protective effects and the proteases 
destructive effects in our research is supported by the signs 
in front of the regression coefficients of α2-macroglobulin0, 
AEAMP0 and AECG2. α2-macroglobulin (macromolecular 
antiprotease) is a plasma glycoprotein best known for its 
ability to inhibit a broad spectrum of serine, threonine, and 
metalloproteases as well as inflammatory cytokines [15]. 
Cathepsin G activates coagulation, having immunostimu-
latory and antimicrobial effects or it can increase vascular 
permeability promoting edema. Also, it increases metallo-
proteinase activity with further vascular matrix destruction 
[16-18]. Because AEAMP24 and AEE0 are proteases, the neg-
ative signs in front of the regression coefficients can suggest 
some suspect results. Possibly, this fact can be explained by 
the need to complete the model (1/3 of the dispersion is not 
explained, the constant being significant), their adjustment 
to the potential effective variables will reverse their sign or 
will exclude them from the final model. Other possible vari-
ants – the proteases are balanced by antiproteases before the 
trauma or they have protective effects in case of pulmonary 
lesions. The model took into account the predictor’s value 
before the trauma (α2-macroglobulin0, AEAMP0, AEE0). 
There are some opinions that it can show a predisposition 
for ILI in conditions of severe trauma.

At the same time, the elaborated model has some limita-
tions. First, the model needs to be improved by adding some 
effective parameters/variables up to .80 (80%) value of the 
determination coefficient to remove one of the research’s im-
perfections, namely that about one third of the SAMCRSlungs 
at 24 hours after trauma dispersion remains unexplained. 
Second, the activated neutrophils ROS releases  besides pro-
teases, that were not investigated and, probably, could im-
prove the model [3]. Third, the confidence intervals range 
needs precision. Fourth, the research is experimental one, 
model being male rabbits – the argument to validate or 
adapt the model for human being. At the same time, simi-
lar research in clinical practice could be performed only by 
changing the design.

Table 2.  Resampling by bootstrapping. SAMCRSlungs predictive model at 24 hours after trauma

B Bias Std. Error Sig. (2-tailed)
95% Confidence Interval

Lower Upper
(Constant) 9.427 .047 1.369 .001 6.683 12.193
AECG2 .081 -.003 .026 .009 .022 .129
AEAMP0 .002 3.004E-05 .001 .079 .000 .005
AEAMP24 -.006 .000 .002 .016 -.011 -.002
AEE0 -.026 .000 .008 .011 -.039 -.009
α2-macroglobulin0 -4.053 -.166 1.514 .039 -7.364 -1.264

Note: Std. Error – standard error for B coefficient, Sig. – significance, AECG2 – Cathepsin G enzymatic activity measured at 2 hours after trauma, 
AEAMP0 – Adenosinedesaminase before trauma, AEAMP24 – Adenosinedesaminase measured at 24 hours after trauma, AEE0 – Elastase enzymatic 
activity measured before the trauma, α2-macroglobulin0 – α2-macroglobulin enzymatic activity before trauma.
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Conclusions

In the current research, a predictive model for indirect 
lung injury in experimental trauma was developed. This, in 
turn, allows the hypotheses emission regarding the patho-
physiology, prophylaxis and treatment of post-traumatic 
ILI. The model needs validation/adaptation in clinical re-
search.

Three predictors are represented by the proteases/anti-
proteases system components before the trauma, two prote-
ases (AEAMP0, AEE0) and antiprotease α2-macroglobulin0. 
This can suggest a predisposition of some individuals for 
developing a post-traumatic ILI.
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