Albumin and total protein concentration — selected parameters
of catabolic reaction and nutritional status among patients
with craniocerebral injuries diagnosed with surgically treated
cerebrovascular diseases

Stezenie albumin i biatka catkowitego — wybrane parametry reakcji katabolicznej
i stan odzywienia pacjentéw z urazami czaszkowo-mézgowymi i rozpoznanymi
chorobami naczyn mézgowych leczonych chirurgicznie

Lucyna Scisto, Magdalena Staszkiewicz, Elzbieta Walewska, Stanistaw Wojtan, Matgorzata Paplaczyk,
Maria Kézka

Department of Clinical Nursing, Institute of Nursing and Midwifery, Faculty of Health Sciences, Jagiellonian University Medical College,
Krakow, Poland
Head of the Department: Prof. Maria Kézka PhD

Medical Studies/Studia Medyczne 2021; 37 (3): 211-217
DOLI. https://doi.org/10.5114/ms.2021.109548

Key words: nutritional status, albumin, total protein, NRS 2002, catabolism.

Stowa kluczowe: stan odzywienia, albumina, biatko catkowite, NRS 2002, katabolizm.

Abstract

Introduction: Posttraumatic metabolic disorders, including surgeries, generate a large energy expenditure in humans. They
may lead to hypermetabolism, hypercatabolism, and hyperglycaemia, resulting in a severe condition of patients, which may
require intensive care unit (ICU) treatment. The basic feature of the catabolism phase is the breakdown of muscle protein,
due to which patients require urgent nutritional intervention. The necessity for nutritional support is assessed, among oth-
ers, by measuring the level of protein and albumin.

Aim of the research: To evaluate the level of total protein and albumin as indicators of metabolic disorders in patients after
surgical procedures due to craniocerebral injuries and cerebrovascular diseases, in order to confirm the need for nutritional
treatment.

Material and methods: The study included 152 patients treated in the ICU, aged between 19 and 89 years. Seventy-one
subjects were diagnosed with cerebrovascular disease (Group I) and 81 with cranial and cerebral trauma (Group II) and were
after neurosurgery. Retrospective analysis of documentation and laboratory results was employed to assess the level of total
protein and albumin on the day of admission to the ICU.

Results: Low levels of albumin were found in both groups (Group I: 75%, Group II: 76%) and of total protein (Group I: 69%,
Group II: 71%), which indicated different degrees of malnutrition in the patients. On the day of admission, Group I showed
higher albumin levels (p = 0.039) compared with Group II.

Conclusions: Low levels of albumin in both study groups indicate an intensified catabolic reaction of the body associated
with extensive trauma and the need for nutritional treatment.

Streszczenie

Wprowadzenie: Zaburzenia metaboliczne w odpowiedzi na uraz, w tym zabieg chirurgiczny, generuja duzy wydatek ener-
getyczny organizmu. Prowadza do hipermetabolizmu, hiperkatabolizmu i hiperglikemii, czego skutkiem jest ciezki stan
chorych wymagajacych leczenia na oddziale intensywnej opieki medycznej (OIOM). Zasadnicza cecha fazy katabolizmu
jest rozpad biatka, zawartego w mie$niach, co powoduje, Ze pilna jest interwencja Zywieniowa pacjentéw m.in. na podstawie
poziomu kontrolowanego biatka i albumin.

Cel pracy: Ocena poziomu albumin i biatka catkowitego jako wybranych parametréw reakcji katabolicznej i stanu odzywie-
nia u pacjentéw po zabiegach chirurgicznych z powodu urazéw czaszkowo-mézgowych oraz choréb naczyniowych mézgu,
dla potwierdzenia prowadzenia leczenia zywieniowego.

Materiat i metody: Badaniem objeto 152 pacjentéw leczonych na OIOM, u ktérych wykonano zabieg neurochirurgiczny,
w wieku 19-89 lat, w tym 71 0s6b z rozpoznaniem choroby naczyniowej mézgu (grupa I) oraz 81 z urazem czaszkowo-mo-
zgowym (grupa II). W pracy wykorzystano metode retrospektywnej analizy dokumentacji i wynikéw badan laboratoryj-
nych. Analizowano stezenia albumin i biatka catkowitego w dniu przyjecia na OIOM.
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Wyniki: W obydwu grupach badanych, w dniu przyjecia na IOM, stwierdzono obnizony poziom albumin wskazujacy na
niedozywienie (grupa I — 75%, II - 75%) oraz biatka catkowitego (grupa I - 69%, II — 71%), u badanych z grupy I wykazano

wyzsze stezenie albumin (p = 0,039) w poréwnaniu z grupa II.

Whioski: Niski poziom albuminy w obu badanych grupach wskazuje na wzmozona reakcje kataboliczng organizmu zwia-
zang z rozleglym urazem i koniecznoscig leczenia Zywieniowego.

Introduction

A surgical procedure is an intervention in the
body; the larger the injury, the stronger the catabolic
response. As a result of catabolism, retention of sodium
ions and water in the body is initiated, there is pain re-
duction, and an increase in blood glucose levels caused
by glycolysis, gluconeogenesis, and glycogenolysis.
Next, there is a fat breakdown, increased concentration
of ketone bodies, as well as protein breakdown, loss of
nitrogen in urine and negative nitrogen balance, and
modulation of the immune system, which is a response
to inflammatory stimuli [1-3].

The main source of proteins released by periph-
eral tissues is from skeletal muscles. During an inju-
ry, their massive proteolysis occurs. Amino acids are
used as substrates for gluconeogenesis in the liver.
The amount of glucose obtained from burning 100 g
of protein is 57 g, and to provide enough energy to
protect the brain requires 200 g of protein. Amino
acids released from muscles are also used for the pro-
duction of acute phase proteins, complement factors,
albumin, and glycoproteins. The urinary excretion of
nitrogenous residues increases to 30 g per day. This, in
turn, implies a decrease in the patient’s body weight
by an average of 1.5% per day. Without the imple-
mentation of nutritional intervention, within 10 days,
15% of body weight is lost [4]. Proteolysis of the mus-
cle tissue leads to atrophy and weakening of muscle
strength, dysfunction of internal organs, and lowered
immunity [5].

Total protein is one of the elements used to assess
the system’s protein balance. Its concentration in se-
rum provides general information on the nutritional
status of the patient. About 50-60% of total protein is
albumin, the remaining percentage is globulin, fibrin-
ogen, lipoprotein, and glycoprotein. The main causes
of reduced total protein levels in the blood (< 60 g/1)
are disorders of protein synthesis (e.g. malnutrition,
cancer, absorption disorders), increased protein loss
(e.g. in trauma, nephrotic syndrome, cancer, burns),
and increased catabolism (e.g. in an injury, cachexia).
Low values of total protein in blood are often accom-
panied by low levels of albumin. Biochemical tests in-
volving the levels of albumin and protein are useful in
the diagnosis of protein-caloric malnutrition [6].

An indicator for the assessment of the initial nu-
tritional status is albumins for which the serum con-
centration correlates with an increased frequency
of complications. However, the half-life of albumin
of 18-21 days does not allow monitoring of rapid

changes in the nutritional status of patients during
nutritional treatment. In patients with a worsening
clinical condition, hypoalbuminaemia is not consid-
ered as a consequence of malnutrition, but rather as
its progression. It is also an indicator of the ongoing
inflammatory process, the severity of the disease, and
the body’s hydration status (excess of hypotonic or
electrolyte-free fluid). Low levels of albumin also oc-
cur in patients using drugs that bind to albumin, such
as glucocorticosteroids [6].

The body reacts with a catabolic response also in
patients with cerebral vascular diseases and cranioce-
rebral trauma treated in intensive care units (ICUs).
Additionally, surgical medical interventions among
this group of patients lead to intensification of the
catabolism phase. The main feature of the catabolism
phase is the disintegration of the protein contained
in the muscles, due to which urgent nutritional inter-
vention of patients is required based on, among oth-
ers, controlling the level of protein [7].

Aim of the research

The aim of the study was to assess the level of al-
bumin and total protein as selected parameters of cat-
abolic reaction and nutritional status in patients after
surgery due to cerebral vascular diseases and cranio-
cerebral trauma.

Material and methods

The study analysed the documentation of 152 pa-
tients, aged 19-89 years (M = 55.34), who underwent
neurosurgical procedures. The diagnosis of cerebral
vascular disease (subarachnoid haemorrhage, intrace-
rebral haemorrhage) amounted to 71 (46.7%) patients,
and 81 (53.3%) patients were diagnosed with cranio-
cerebral trauma (subdural, focal, and diffuse brain in-
jury).

The study included patients who underwent ur-
gent surgery, treated in the intensive care unit in the
period from January 2015 to January 2017. The paper
uses the method of retrospective analysis of medical
records and laboratory results.

On the basis of the documentation on admission
to the ICU after surgery, the study included a screen-
ing nutritional assessment of NRS 2002 (2002 Nutri-
tion Risk Score) and establishes the patients’ body
mass index (BMI).

According to NRS 2002, the total score > 3 means
the risk of malnutrition and the need to start nutri-
tional therapy.
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BMI values below 18.5 kg/m? indicate under-
weight, and values of 18.5-24.9 kg/m? indicate nor-
mal weight. Serum albumin levels were assumed to
be normal at > 35 g/1. Albumin levels of 35 and below
indicate abnormal nutrition (31-35 g/1 indicates slight
malnutrition, 25-30.99 g/l moderate malnutrition,
and < 25 g/l severe malnutrition) [8]. The normal total
protein level was assumed to be 60-80 g/1[7, 8].

Patients implemented parenteral nutrition treat-
ment based on the nutritional screening using the
Nutrition Risk Score 2002 (NRS 2002).

Statistical analysis

The results were analysed in IBM SPSS Statistics
version 24. The basic descriptive statistics of the ana-
lysed quantitative variables were calculated. Normal-
ity of their distributions was tested, and Student’s
t-tests for dependent and independent samples and
Pearson’s r coefficient were performed. The statistical
significance threshold was adopted at o = 0.05.

Results
NRS 2002 scale results

All 152 researched patients obtained results indi-
cating the risk of malnutrition (NRS = 3) and the need
to apply nutritional treatment.

Body mass index results (BMI)

In the group of patients with cerebrovascular dis-
ease, 30 (42.3%) subjects had normal BMI. There were

213

no subjects with results below the norm. Overweight
and obesity of I and II degree was noted in 41 (57.8%)
patients. Among the patients with craniocerebral trau-
ma, normal BMI values were found in 44 (54.3%) pa-
tients, and 36 (44.4%) patients were classified as over-
weight and obese in the 1% degree. Below standard
results were observed in 1 (1.2%) person — Table 1.

Results of albumin and total protein levels
of patients with cerebrovascular disease
on the day of admission to the ICU

On the day of admission of patients with cerebro-
vascular diseases to the ICU, normal serum albumin
levels were observed in 18 (25.3%) patients. In the re-
maining 44 (62%) patients, below standard albumin
levels were observed, which indicated mild to moder-
ate malnutrition; in 9 (12.7%) patients, the interpreta-
tion of albumin values indicated severe malnutrition
(Table 2).

Patients were also analysed for serum total protein
levels. For those with cerebrovascular disease on the
day of admission to the ICU, results in the normal
range were obtained in 22 (31%) patients, and results
below the normal range were observed in 49 (69%) pa-
tients (Table 3).

Results of albumin and total protein levels
of patients with craniocerebral trauma
on the day of admission to the ICU

On the day of admission of patients with cranio-
cerebral injuries to the ICU, normal serum albumin

Table 1. Body mass index (BMI) values on the day of admission to the intensive care unit (ICU) of patients with cerebro-

vascular disease and craniocerebral trauma

Patients with cerebrovascular disease

Patients with craniocerebral trauma

BMI

N
Underweight 0
Normal body mass 30
Overweight 32
Obesity | degree 8
Obesity Il degree 1

% N %

0 1 1.2
42.3 44 54.3
45.1 32 39.5
11.3 4 4.9
1.4 0 0

BMI - body mass index, N — population.

Table 2. Albumin levels of patients with cerebrovascular disease on the day of admission to the ICU

Albumin [g/1] N %

> 35 18 25.3
31-35 23 32.4
25-30.99 21 29.6
<25 9 12.7

Nutritional status M SD
Good

Light malnutrition
31.38 6.04

Moderate malnutrition

Severe malnutrition

g/l = gram per litre, N — population, M — mean, SD — standard deviation.
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Table 3. Protein levels of patients with cerebrovascular disease on the day of admission to the ICU

Total protein [g/l] N %
60-80 22 31.0
<60 49 69.0

Interpretation M SD

Norm 55.63 8.41

Below normal

g/l = grams per litre, N — population, M — mean, SD — standard deviation.

Table 4. Albumin levels in patients with craniocerebral trauma on the day of admission to the ICU

Albumin [g/1] N % Nutritional status M SD
> 35 20 247 Good
31-35 10 12.3 Light malnutrition
29.23 6.63
25-30.99 30 37.0 Moderate malnutrition
<25 21 25.9 Severe malnutrition
g/l — grams per litre, N — population, M — mean, SD — standard deviation.
Table 5. Total protein levels of patients with craniocerebral trauma on the day of admission to the ICU
Total protein [g/1] N % Interpretation M SD
60-80 23 28.8 Norm
54.78 8.29
< 60 57 713 Below normal
g/l — gram per litre, N — population, M — mean, SD — standard deviation.
Table 6. Comparison of albumin and total protein levels of all subjects on the day of admission to the ICU
Parameter Patients with Patient with 95% Cl
cerebrovascular disease  craniocerebral trauma
M SD M SD T P-value Cl max. Cl min.
Albumin 31.38 6.04 29.23 6.63 2.078 0.039 0.106 4.193
Total protein 55.63 8.41 54.78 8.29 0.620 0.536 -1.846 3.535

M — mean, SD — standard deviation, T — Student’s t-test, p — statistical value, 95% CI — confidence interval, C| max — confidence interval

maximum, Cl min - confidence interval minimum.

levels were observed in 20 (24.7%) patients. In the
remaining 40 (49.3%), albumin levels below normal
were observed, which indicated mild to moderate
malnutrition. In 21 (25.9%) patients, the interpreta-
tion of albumin values indicated severe malnutrition.
The albumin levels of patients with craniocerebral in-
juries are shown in Table 4.

For patients with craniocerebral trauma, normal
protein levels on the day of admission to the ICU were
observed in 23 (28.8%) patients, and levels below nor-
mal were seen in 57 (71.3%) patients (Table 5).

Results of albumin and total protein levels of
all subjects on the day of admission to the ICU

The researched groups of patients were compared
in terms of albumin and total protein levels on the
day of admission to the ICU. The results showed that

the groups differed statistically significantly in terms
of albumin levels; p = 0.039. Patients with known cra-
niocerebral trauma had lower albumin levels on the
day of admission than patients with cerebrovascular
disease (Table 6).

Discussion

Increased catabolic processes lead to a negative
nitrogen balance. Within 24 h of injury, there is an
increase in the use of glucose by the brain, blood cells,
and bone marrow, leading to depletion of hepatic gly-
cogen stores [9, 10]. During this period, glucose sup-
plied to the cellular system is produced in the process
of gluconeogenesis. Amino acids from proteolysis of
muscle tissue become a substrate in this process. Mus-
cle breakdown generates protein loss of up to 1000 g
in a 24-hour period [10]. Without the implementation
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of nutritional intervention, 15% of body weight is lost
over a 10-day period [4]. Medical interventions such as
surgery or pharmacotherapy also contribute to the in-
crease in energy intake. All these processes may lead to
a decrease in protein and albumin levels, resulting in
the development of protein-calorie malnutrition with
its consequences: increased risk of infections, lowered
immunity, delayed healing of traumatic wounds, de-
creased response to pharmacotherapy.

In patients after craniocerebral trauma, with a his-
tory of surgery, and surgical injury due to cerebrovas-
cular disease, malnutrition may develop due to exces-
sive protein breakdown and increased catabolism,
which results in a negative nitrogen balance and an
increased need for protein and calories [11]. Caloric
expenditure among these patients typically increases
by 87-200% above normal requirements and may be
increased for 30 days due to metabolic changes. Al-
teration of systematic catabolism in these patients
leads to hyperglycaemia, protein loss, and increased
calorie requirements [12, 13]. The prevalence of mal-
nutrition among the hospitalised patients in the ICU
is estimated to range from 20% to 50% on the first day
of stay [14-17], so it is important to monitor patients’
clinical and metabolic status by, among other things,
determining total protein and albumin levels.

Our study analysed the records of 152 patients, ad-
mitted as emergencies to the intensive care unit, who
underwent surgery. These were patients with cere-
brovascular disease and after craniocerebral trauma.
Patients were analysed for albumin and total protein
levels on the day of admission to the ICU.

In the group of patients with cerebrovascular dis-
ease, albumin levels below normal, indicating mal-
nutrition, occurred in almost 75%, of whom 13% had
an interpretation of albumin values indicating severe
malnutrition. The literature indicates that malnutri-
tion significantly affects the general condition and
hospitalisation of the patient after surgery in cases of
cerebrovascular disease [18].

Similarly, in the group of patients with craniocerebral
trauma, serum albumin levels below normal were found
in 75% of the patients having an albumin interpretation
indicating severe malnutrition. Decreased albumin lev-
els may be indicative of the extent of the injury and the
increased catabolic processes resulting from it.

One literature analysis indicates that malnutrition
occurring during craniocerebral trauma negatively af-
fected metabolic response and vice versa, thus mak-
ing them vulnerable to side effects and further dete-
rioration in nutritional status. In patients with severe
trauma, the prevalence of malnutrition ranged from
7% to 76%, depending on the setting, population, and
nutritional assessment tool used. In contrast, in the
population of elderly trauma patients 7-62.5% were
malnourished on admission and 35.6-60% were at
risk of malnutrition [19].
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In our study, all 152 examined patients had scores
indicating a risk of malnutrition (NRS = 3) and the
need for nutritional treatment. Studies by other au-
thors indicate that 22.3% (235) of trauma brain injury
(TBI) patients were at risk of malnutrition (NRS = 3),
while normal nutritional status (NRS < 3) was diag-
nosed in 77.7% [8, 20]. The highest prevalence of mal-
nutrition was found in general surgical patients with
infected wounds 31.0% and in traumatology 35.0%
[20]. In our study, based on BMI, there were no results
below normal levels in the entire study group, except
for 1 person with craniocerebral trauma. Based on
studies by other authors, BMI is a value that does not
change from the time of injury to admission [21].

The levels of protein markers (albumin, prealbu-
min, transferrin) reflect the acute phase of the disease.
The value of these indicators has prognostic signifi-
cance. Decreased albumin levels are disadvantageous
in the perioperative period. Data indicate that pa-
tients with low albumin levels (< 20 g/I) on the day of
surgery have a twofold increased risk of postoperative
complications including increased respiratory distress
and in-hospital mortality. Thus, albumin is consid-
ered a good prognostic indicator in surgically treated
patients [6, 22]. Assessment of albumin levels is also
helpful in determining hydration status and disease
severity. Excessive fluid therapy leading to conductiv-
ity with hypotonic or electrolyte-free fluids correlates
with a decrease in albumin levels [6, 8].

Low levels of total protein in the blood usually co-
exist with low levels of albumin. Hypoproteinaemia
can occur in the case of ongoing inflammation by
consuming pro-inflammatory factors for production.
A decrease in protein concentration can result in a de-
crease in the body’s transport and immune proteins,
resulting in increased susceptibility to infection, im-
paired wound healing, and an increased risk of anas-
tomotic dissection [6].

In the analysis of total protein levels in the studies
conducted, similar results were observed when com-
pared to albumin values. In the cerebrovascular dis-
ease group, the number of patients with a protein lev-
el below normal on the day of admission was 69.0%,
while in the craniocerebral trauma group, the number
of patients with a protein level below normal on the
day of admission was 71.3%. The results demonstrate
the need to monitor the patient’s clinical status dur-
ing the undertaken nutritional treatment.

In the entire study group, reduced albumin levels
were found in 75% of subjects and total protein values
were below normal in 70%.

Patients with traumatic brain injury experience
significant energy and protein deficits in the inten-
sive care unit, which is associated with adverse out-
comes. Patients admitted to the ICU with TBI have
energy and protein deficiencies that persist after dis-
charge from the ICU, leading to significant deficien-
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cies throughout the hospitalisation [23, 24]. A study
among patients with mild to moderate TBI (according
to the Glasgow scale) showed that a significant num-
ber of patients had reduced protein levels at the start
of hospitalisation, which gradually improved after
nutritional treatment (on the first day of nutritional
treatment, protein levels increased by 23.1%, while
75% of the total protein requirement was reached on
the day of discharge). The authors of the study believe
that optimal nutrient intake, especially calories and
protein, is crucial to ensure an optimal recovery pro-
cess, as well as minimising the risk of infection and
complications [25]. A study by Stewart et al. among
critically ill patients revealed that calorie and pro-
tein deficits in patients with moderate to severe TBI
(Glasgow score 9-12 and 3-8, respectively), reached
18,242 kcal (1 kcal = 4186 kJ) and 1315 g protein,
respectively [26]. Other researchers present results
showing that 15-70% of patients already had malnu-
trition before hospitalisation [27].

The results presented here confirm that hypoal-
buminaemia is common among severely ill patients,
which also include patients with cerebrovascular dis-
eases such as subarachnoid haemorrhage and intrace-
rebral haemorrhage, and with craniocerebral trauma
such as traumatic subdural haemorrhage, and focal
and diffuse brain injury. An albumin level below nor-
mal indicates the severity of the disease, hydration
status, is a prognostic indicator of surgical risk, and
reflects the inflammatory response [28-31].

Malnutrition is a common problem among hospi-
talized patients, especially among patients with TBI.
It develops as a result of hypermetabolism, and the
condition can worsen with undernourishment or
poor dietary management [24, 25]. In particular, el-
derly trauma patients and patients with postoperative
infections should be carefully monitored during hos-
pitalisation [20].

The monitoring of protein and energy supplies is
of great importance in severely ill patients, who are
usually in the catabolic phase, the severity of which
depends on the extent of the injury or the severity of
the disease and the nutritional status of the patient.
An essential feature of catabolism is the breakdown of
the protein stored in the muscles, so it is important to
increase the supply of protein, especially during the
first days of injury, through nutritional treatment, as
an important part of a comprehensive therapy that
becomes a necessity and has a significant impact on
the subsequent course and outcome of treatment.

Conclusions

Decreased albumin and total protein values and
NRS 2002 scores of patients with cerebrovascular
disease and craniocerebral trauma are indicative of
impaired nutritional status. Decreased levels of al-
bumin and protein in both study groups signify an

Lucyna Scisto, Magdalena Staszkiewicz, Elzbieta Walewska, Stanistaw Wojtan, Matgorzata Paplaczyk, Maria Kézka

increased catabolic reaction of the body associated
with extensive trauma and indicate the need for nutri-
tional treatment. Subjects with craniocerebral trauma
showed significantly lower albumin levels compared
to patients with cerebrovascular disease, which may
indicate a more intense catabolic response.
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