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Evaluation of Plasma Albumin as a Potential Prognostic Biomarker
in Patients with Traumatic SIRS
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Hypoalbuminemia occurs in about 90% of critically ill patients admitted in the intensive care unit (ICU), this
is caused by an increase in microvascular permeability (capillary and venous wall) as a result of systemic
inflammatory reaction (SIRS) and decreased synthesis of hepatic albumin in acute liver response. The aim
of this study is to determine the incidence of hypoalbuminaemia in patients with non-septic SIRS (induced
by surgical trauma or multiple trauma) and to assess the plasma albumin level as a potential biomarker of
severity in the prognosis of these patients. The albumin plasma level of ICU admitted patients were
determined every 24h and 48h, patients were continuously monitored for  complications. Hypoalbuminemia
is  probably the cause of prolonged ileus,  gastroparesis, sepsis, fistula and acute renal failure). The statistical
processing of data consisted in compiling descriptive statistics on values of albumin, highlighting the albumin-
age relationship by the regression method. Calculation of mean plasma albumin values for groups of patients
without clinical complications, those with clinical complications or with complications and who died and
performing the Scheffe( multiple comparison test), correlation tests between albumin value at 48h and
APACHE II score (prediction score Of the critical patient) as well as a descriptive analysis taking into
account the 3 g / dl albumin value (factor that differentiates mild to moderate hypoalbuminemia in clinical
practice) and performing the non-parametric Chi-Square test for validation of statistical analysis.
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Albumin is the major plasmatic protein of the body
responsible for approximately 60% of  total  plasmatic
protein concentration, synthesis occurs in the liver up to 20
g / day. The pharmacokinetic data of this molecule shows
that daily passes through the capillary wall into the
interstitial space an amount of approximately 120 g, which
doubles under the traumatic-induced inflammatory
response conditions, of which about a third returns to the
vascular space through lymphatic drainage , the rest
accumulating in the digestive mucosa, respectively the
skin.

Albumin consists of 585 amino acids, with a molecular
weight of 66 kda, microscopic studies describe the
presence of 34 cysteine   residues linked by bisulfide
bridges, which confer stability to this macromolecule, as
well as a free -SH group that determines antioxidant activity,
some authors considering Albumin as the major
extracellular antioxidant of the body.

The main physiological role of albumin is that of the
colloid-osmotic pressure determinant, about 80% of the
PCO value is due to this albumin molecule; this effect is
due to both the molecular weight and the electrical
attraction of Na ion (Gibbs-Donnan effect) .

Secondary physiological functions that are still the
subject of numerous research are represented by
antioxidant function mainly due to free SH, about 80% of
plasma thiol interacting with oxygen reagents such as
peroxide H2O2 and peroxinite (ONOO) annihilation -l and
forming the albumin-sulfenic acid derivative, stabilizing role
at the vascular endothelium level by reducing the oxidative
stress at this level. Albumin also has the role of a modulator
of vascular tonus by binding and inhibiting nitric oxide (NO)
produced by vascular endothelium, as well as a possible
anti-inflammatory role due primarily to the decrease in the
interaction of vascular endothelium with activated
neutrophils.

Experimental part
Materials

After receiving the consent of the ethics committee to
conduct hospital clinical trials, 108 patients who underwent
major surgery or suffered polytraumatism (these patients
developing a SIRS-induced trauma) were initially enrolled
in the study. Initial exclusion criteria were associated with
pathology that may lead to decreased albuminemia - major
hepatic diseases known, kidney disease that associates
nephrotic or nephritic syndrome, severe protein-
malnourishment (BMI <18) or diarrhea with protein loss.
At 48 h after admission to the intensive care unit, 2 patients
were excluded from the study because they had liver
dysfunction evidenced by elevated transaminases or
bilirubin, and a patient with severe hypoalbuminemia of
1.7 g / dl at TI intake and could not be taken into account
statistically.

Methods
Determination of albumin is done by dry chemistry

methods based on the binding of albumin to the substance
pigment under ph acid conditions, which produces the
coloration of the solution from yellow to purple, this color
change being quantified by spectrophotometry. The
underlying reaction for Albuminemia determination is
presented below.

Albumin+Bromocresol purple(BCP)----Ph acid------->Complex BCP-
Albumin

In terms of total protein determination, it was based on
their bivalent copper reaction, and further measurement
by the spectophotometric method of the complex formed,
according to the reaction below.

Total Proteine+Cu+2—OH_———>Complex  Prot.-Cu
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Both reactions, as well as the determination of
transaminases and bilirubin, were done with the Samsung-
Labgeo apparatus.

In terms of clinical complications, prolonged ileus due
to the absence of intestinal transit at 96 h after surgery in
conjunction with abdominal distension and obedience
absence of intestinal noise, prolonged gastroparesis was
clinically evidenced by the lack of tolerance to food that
persists and after 48 h operation, the amount significantly
increased by naso-gatric (500 mL aspirated naso-gastric),
fistula digestion was evidenced by intolerance to food, the
persistence of the drainage liquid containing intestinal and
gastric and in some cases the appearance of the sensitivity
of the abdominal wall, septic complications was
evidenced by laboratory data (leukocytosis, elevated and

X-ray evidence of lung inflammation in case of respiratory
infection) and clinical data - fever, tachypnea, tachycardia,
and in the renal, this complication was seen in the samples
increased nitrogen retention.

The APACHE II score was calculated on the basis of
internationally standardized criteria, and the statistical tests
were performed using Excel.

Results and discussions
The incidence of hypoalbuminaemia as well as the

calculation of plasma protein values   in the group of
patients studied is evidenced by the following descriptive
statistics. We can see the  averages and deviations of each
variable. The calculated media reveals a possible difference
between the values   over time of albumin or total protein,
and these will be validated statistically.

Descriptive Statistics

The ANOVA - post hoc test was used to validate the differences between the mean values   of albumin.
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Differences between baseline albumin at 24 and 48 h
are statistically significant, since F (2,312) = 131,715 at a
p = <. 001, so we reject the null hypothesis.

In order to see if the differences between the media are
also found between the initial and 24, and between 24 and

48 h, etc. the post-hoc Scheffe test was calculated, and
the results show that there is a statistically significant
difference between all the repeated measurements.

On the basis of these inferential statistical tests, we notice the decreasing trend in plasma albumin levels in the first 24
h after admission to TI ,which is greater than the following 24 h, according to the schedule.

* The mean difference is significant at the 0.05 level.

Initial average value at 0h-4.2g / dL
  Average value at 24h-3.37g / dL
  Average value at 48h-3.02 g / dL
  Albumin normal values   3.5-5.5 g / dL
The increase in plasma albumin variation according to

the age of the patients was performed using the linear
regression method (albumin - dependent value, and age is
the independent value), and is presented in figure.

Calculation of the determinant R2, reveals to what extent
the change in albumin value at 48 h is determined by age
and the result is 17.9%, being statistically validated.

A
ge
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Performing the ANOVA test ,the regression  is statistically
validated, resulting in an F (1.103) = 23.7 at a p <0.001

In order to verify the statistical hypothesis that low
plasma albumin values   can be used as a clinically severe
prognostic biomarker, the batch was divided into three
groups, clinically uncomplicated patients, patients with
clinical complications, respectively patients with
complications And then death. Calculation of mean
albumin values  at 48h corresponding to the three groups

a. Dependent Variable: ALBUMINA

b. Predictors: (Constant), AGE

revealed the following values: 3.33 g / dL - corresponding
to the group of 45 patients, 2.88 g / dL - corresponding to
the group of 43 patients, 2.54 g / dL –coresponding to the
group of 17 patients, These values being statistically
validated after the Scheffe test - multiple comparison test,
to mention that only the difference between the mean
values of albumin at 48h from intake, have statistical
significance according to this test.

Post hoc test

Taking into account the plasma albumin value at 48 h as possible predictive factor, APACHE II score correlation tests
were performed at the same time as the correlation between age and APACHE II score.

* The mean difference is significant at the 0.05 level.

a. Dependent Variable: SCOR APACHE II

The Pearson partial correlation coefficients are
approximately equal to 0.435 in the case of age at a p
<0.001 and -0.428 respectively for albumin at 48 h at a p
<0.001.

The Beta score(adjusted correlation coefficient) shows
how much the correlation between albumin and the
APACHEII score is, also between  the age and score of
APACHEII, when the two factors are calculated together

ANOVA
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(albumin, age) in predicting the APACHEII score more
precisely:

a.Albumin correlates  significantly, from statics point of
view β = -391 to a p <0.001, negatively, suggesting that an
increased level of albumin will predict a low APACHE II
score.

b.Age correlates significantly, from statistic point of view
β = .398 to a p <0.001, positively, suggesting that with age
the APACHE II score may increase.

The partial correlation indicates that the consideration
of each separate factor (albumin and age) determines the
correlation with the APACHE II score. It can be seen that
the two variables separately correlate to a higher level than
in the case of BETA values, these results are also due to the
possibility that the two indicators have a common influence
(share variance) in determining the variation of the APACHE
II score, thus calculating the  covariance and the correlation
of the two factors  is presented below.

a. Dependent Variable: SCOR APACHE II

 The common influence that albumin and the age exerts
at 48 h on APACHE II, was revealed by the regression
method, it points out  how the score (dependent variable)
depends on albumin value and age, calculated together as
a standardized predictive value (the independent variable)

Charts

Regression

It has been calculated to what extent albumin and age are predictors of the APACHE II score by determining the R2
factor.

The determinant R2 reveals  how albumin and age predict 43.5% of changes / variation in APACHEII score .Subsequently,
the post-hoc ANOVA test was performed to validate the statistical significance of the regression.

a. Dependent Variable: SCOR APACHE II

b. Predictors: (Constant), ALBUMIN, AGE

ANOVA
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F (2, 102) = 41.102 at a p <0.001 shows the general prediction model of APACHE II, age and albumin is valid, so we
reject the null hypothesis.

Finally, a descriptive analysis was carried out which took into account the 3 g / dL albumin value which differentiates
mild to moderate hypoalbuminemia in clinical practice, and is used as trigger for administration of 20% albumin solution.
Calculating the frequency of cases without  complications, those with complications and those with complications and
related deaths,  the results were checked by performing the non- Parametric Chi-Square test.
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a. 0 cells (0.0%) have expected frequencies less than 5. The minimum expected cell frequency is 22.5.The test
validates de difference between frequencies of patients without comp.

Chi-Square Test
Frequencies

a. 0 cells (0.0%) have expected frequencies less than 5. The minimum expected cell frequency is 21.5.The test
does not validate the difference between frequencies.

a. 0 cells (0.0%) have expected frequencies less than 5.
The minimum expected cell frequency is 8.5the test
validates  the difference between frequencies regarding
c+d.

Performing the Chi-Square test, we can point out a
statistically significant difference between the frequencies

Chi-Square Test
Frequencies

7

2021

34

18

Legend:

1-prolonged Ileus = 34%
2-Infectious complications = 21%
3-Prolonged Gastroparase = 20%
4-Fistula = 7%
5-Acute renal failure = 18%
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of lack of complications, namely complications  and
deaths-related frequencies.

Results and discussions
Previously, we mention that only the statistical

significance of this variable (the plasma level of albumin)
has been taken into account, and in order to evaluate the
clinical significance, which may differ from the statistical
one, the place of hypoalbuminemia should be established
within the cause- effect relationship.

In other words, the low plasma levels of albumin may
be used only as a severe prognostic biomarker, similar to
the use of procalcitonin value in the case of sepsis, or may
be a contributory factor in the production of complications
or even a factor that worsens after the occurrence of these
clinical complications .

To determine exactly what is the relationship between
the hypoalbuminemia found in these patients and the
complications that occur as a result of lowering the plasma
albumin and possibly due to this decrease, each
complication should be considered, both in terms of
etiology, and the effect produced, while taking into account
the possible functions of albumin, which is the subject of
future studies.

Conclusions
On the basis of statistical tests, we can assert that the

statistical hypothesis that the plasma albumin of patients
with SIRS induced trauma can be considered as a possible
prognostic factor and is verified.

According to the descriptive statistics, all patients under
study had a decrease in albumin, and at 48h after
admission to TI, the vast majority had plasma levels below
3g / dl, the Scheffe test performed between mean values
at 48h, reveals the the lower the albumin value, the higher
the rate of complications and the deaths of the patients
studied. Correlation tests between this value and the
APACHE II score demonstrate a degree of correlation
similar to the age of the patients (important criterion in
APACHE II score calculation), and in terms of plasma
albumin 3g / dl, the non-parametric Chi- Square, validates
this value for use in clinical practice as a trigger to administer
the 20% albumin solution in order to correct the low plasma
levels of albumin.
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