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Abstract: Introduction: Adequate nutrition is necessary to prevent muscle wasting in critically ill patients. Decision about enteral or parenteral nutrition is
always questionable. Objective: The aim of our study
was to assess the impact of nutrition on muscle wasting
in critically ill patients with trauma injury. Material
and methods: The study was conducted in the period
from January to December 2017 and included 30 critically ill patients with trauma injury hospitalized on the
Intensive care unit (ICU) of the University clinic for
anesthesiology and intensive care in Skopje. Included
patients were divided into two groups: group E - patients where enteral nutrition was conducted after the
third day of their admission in ICU and group P - patients where total parenteral nutrition was implemented
in the first 24 hours of their admission.
The study monitored the impact of two different
types of nutrition on muscle wasting evaluated by ultrasound measurements of m.quadriceps femoris thickness
and biochemical measurements of the serum creatinine
level. Results: In group E there was statistically significant muscle wasting evaluated by ultrasound between
st
rd
st
th
the1 and the 3 and the1 and the 7 day. Difference in
measured muscle thickness was 1.90 ± 1.49 mm betwest
rd
en the 1 and the 3 (p = 0.015) and 4.46 ± 2.81 mm betst
th
ween the 1 and the 7 day (p = 0.006). In group P muscle wasting in the same period was without statistical
significance. Both groups showed statistically signifist
cant decrease in serum creatinine levels between the 1
rd
st
th
and the 3 (p = 0.003, p = 0.03) and the 1 and 7 (p =
st
0.003) day. The values of differences between the 1 and
rd
st
th
the 3 and the 1 and the 7 day were 7.57 ± 4.12 mg/dl
and 10.71 ± 5.79 mg/dl in group E and 11.43 ± 10.66
mg/dl and 15.28 ± 8.28 mg/dl in group P.
Conclusion: In our study we determined a significant decrease of muscle mass evaluated by ultrasound

Prihva}en/Accepted 01. 11. 2018. god.

measurements of m.quadriceps femoris thickness in
patients with enteral nutrition after the third day.
Key words: Critically ill patients, Enteral or parenteral nutrition, Muscle wasting, Ultrasonography,
Serum creatinine concentration.

INTRODUCTION
In critically ill patients there is often muscle mass
wasting and impaired muscle function. This leads to
prolonged treatment, delayed rehabilitation, and reduced quality of life even up to five years after the acute
suffering (1, 2). Muscle wasting as a complex problem
beside from malnutrition it can be is also caused by immobilization, inflammation, and hyperglycemia. In order to prevent muscle-protein depletion and to provide
nitrogen balance over the years, numerous strategies
have been proposed. One of these strategies is adequate nutrition, which plays an important role in the general therapy of critically ill patients. Enteral nutrition
has been always the primary alternative for nutrition in
critically ill patients, and it is a superior nutritional
type. The importance of the intestines as a part of the
systemic response to injury and trauma is well known
(3, 4). The non-use of the gastrointestinal tract leads to
changes in intestinal microflora, impaired mucosal and
immunological barrier leading to septic complications
and organic failure (5). Unfortunately even in patients
without contraindications for enteral nutrition, efforts
to ensure proper nutrition through this pathway in the
early stages of the disease are often hampered by the
symptoms of gastrointestinal intolerance. In that case,
the next option is parenteral nutrition. The parenteral
nutrition is often called hyperalimentation, although it
does not provide excessive caloric value. However, the
parenteral nutrition sometimes is associated with seve-
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ral complications and harmful effects on the immune
system to the extent that it is often called a “total poisonous diet”. The recent studies and obtained data do not
agree with previously mentioned conclusions (6, 7).
Despite the advances in nutritional therapy, its
main goal to prevent further protein loss often cannot
be achieved. Patients in intensive care units (ICU) are
continuously nourished and they do not starve, but catabolism and muscle reduction continues for a longer
period of time. The muscle wasting in patients can be
masked by the excess fat in sarcopenic obesity or fluid
retention that can account for 10 to 20% of the body
weight of critically ill patients (8, 9).
There are several methods for assessing muscle
mass and muscle wasting. Ultrasonography is a new
non-invasive technique that allows identification of changes in the muscular structure and morphology (10).
Campbell et al. showed that ultrasonography allows identification and quantification of muscle wasting in edematous patients with multiple organic weaknesses (11). Also, the measures obtained by ultrasonography correlate
with the measures obtained with CT diagnostics (12).
Creatinine is an endogenous substance with muscle origin generated by non-enzyme conversion of creatine and creatine phosphate (13). It is filtered through
the kidneys without tubular reabsorption. So, the serum creatinine concentration is used to estimate glomerular filtration and renal function. It is also a powerful predictive indicator for mortality and outcome for
hospital patients (14). As a consequence of the confirmed correlation between the serum creatinine and muscle mass, the serum creatinine concentration is used as
a surrogate measure of muscle mass wasting (15).
The aim of the study was to assess the impact of
two different types of nutrition on muscle wasting primary evaluated with ultrasound measurements of of m.
quadriceps femoris muscle thickness and secondary
evaluated by serum creatinine level determination in
critically ill patients with trauma injury.

The study included patients older than 18 years of
age where there was a need for intubation and mechanical ventilation, the need for treatment in ICU for more
than seven days, patients with relative contraindications
for enteral nutrition and indication for hospitalization
due to polytrauma graded with medium to heavy Injury
severity scores (ISS) (16). The study excluded the patients who did not meet the before mentioned criteria,
pregnant women, patients with lower limb amputation
and those with primary neuromuscular disease, disseminated carcinoma, renal disease, acute shock with systolic blood pressure less than 90 mm Hg or median arterial
pressure below 70 mmHg, nutritional allergy, and absolute contraindication for enteral nutrition.
Absolute contraindication for enteral nutrition was:
- Massive intestines resection, with or without colon resection
- Proximal fistula with high output
- Perforation of the small intestines
The study evaluated the effect of two types of nutrition on patients muscle wasting which was measured
st
rd
th
by ultrasonography on the 1 , 3 , and 7 day of their
admission in ICU. The measurements were carried out
by a single operator with a portable ultrasonograph Siemens Acuson X 300 and transducer VF13-5 (Figure
1). To determine muscle wasting, the thickness of m.
quadriceps femoris (m. vastus intermedius and m. rectus femoris) - was measured at a two precisely determined points: the point between the lower third and the
upper two-thirds of m. quadriceps femoris and the median point between the spina illiaca anterior superior
and the upper pole of the patella, with the patientin the
supinated position and the leg relaxed in extension (Figure 2).The mean value of the measurements at both
points was calculated finally.
Biochemical analysis of serum creatinine concenst
rd
th
tration was performed on the 1 , 3 , and 7 day of the
admission in ICU.

MATERIAL AND METHODS
The study was conducted in the period from January
to December 2017., and included 30 critically ill patients
with trauma injury hospitalized on the ICU of the University clinic for anesthesiology and intensive care. The included patients had mean age of 34 years ( range from 16
to 50 years) and were equally divided into two groups:
group E – with 15 patients where enteral nutrition was
conducted after the third day of their admission and group P –with 15 patients where total parenteral nutrition
was implemented in the first 24 hours of their admission.
The aim of both types of nutrition was to obtain energy
requirements with 20-25 kal/kg/day for each patient.

Figure 1. Ultrasound image of m. quadriceps femoris
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Statistical analysis
All data were presented as a mean value ± standard deviation and analyzed with SPSS 12.0 software.
The comparison between the groups was made with t
test and the difference of p < 0.05 was considered statistically significant.

RESULTS
Ultrasound analysis
st

rd

st

Analysis between the 1 and the 3 , the 1 and the
rd
th
7 , as well as the 3 and the 7 day (Table 1) showed that
in group E with enteral nutrition there is a statistically sigst
nificant decrease in muscle mass between the 1 and the
rd
st
th
3 day (p = 0.015) and between the 1 and the 7 day (p =
rd
th
0.006). The difference between the 3 and the 7 day was
near the border of statistical significance (p = 0.065).
st
rd
st
Analysis between the 1 and the 3 , the 1 and the
th
rd
th
7 , as well as the 3 and the 7 day in the group P with
early parenteral nutrition in all cases showed a decreased muscle mass but without statistical significance
(Table 2). The greatest reduction in muscle mass was
st
th
seen between the 1 and the 7 day (p = 0.070).
th

Figure 2. Picture with anatomic presentation
of m. vastus intermedius and m. rectus femoris
Randomization was performed with closed envelopes, with number 1 for E group and number 2 for P
group. The relatives of the patients were familiar with
this research and they voluntarily signed a document
for informational consent and took part in randomization.The research was prospective and randomized.

Serum creatinine analysis
Analysis of serum creatinine level measured in
group E showed that there is a decreasing in the measu-

Table 1. Differences in muscle mass loss (mm) at different time intervals
in group E with enteral nutrition measured by ultrasonography
Time intervals for
Ultrasound measurements
1-3 day
1-7 day
3-7 day

Differences in Ultrasound measured muscle thickness
(mm)
MV± SD
Min - Max
p value
1,90 ± 1,49
0,51 – 3,29
0,015
4,46 ± 2,81
1,86 – 7,06
0,006
2,56 ± 3,00
0,22 – 5,34
0,065

Table 2. Differences in muscle mass loss (mm) at different time intervals
in group P with early parenteral nutrition measured by ultrasonography
Time intervals for
Ultrasound measurements
1-3 day
1-7 day
3-7 day

Differences in Ultrasound measured muscle thickness
(mm)
MV± SD
Min - Max
p value
1,81 ± 3,25
1,19 – 4,82
0,190
2,44 ± 2,94
0,27 – 5,16
0,070
0,63 ± 2,67
1,84 – 3,09
0,556

Table 3. Differences in serum creatinine concentration (mg/dl)at different time intervals
in Group E with enteral nutrition
Time intervals for serum
creatinine measurements
1-3 day
1-7 day
3-7 day

Differences in serum creatinine measurements
(mg/dl)
MV± SD
Min - Max
7,57 ± 4,12
3,76 – 11,38
10,71 ± 5,79
5,35 – 16,07
3,14 ± 5,30
1,76 – 8,05

p value
0,003
0,003
0,168
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Table 4. Differences in serum creatinine concentration (mg/dl) at different time intervals
in group P with early parenteral nutrition
Time intervals for serum
creatinine measurements
1-3 day
1-7 day
3-7 day

Differences in serum creatinine measurements
(mg/dl)
MV± SD
Min - Max
11,43 ± 10,66
1,57 – 21,29
15,28 ± 8,28
7,63 – 22,94
3,86 ± 6,59
2,24 – 9,95

red values of serum creatinine concentration with statist
rd
stical significant difference between the 1 andthe 3 (p
st
th
= 0.003) andthe 1 and the 7 (p = 0.003) day (Table 3).
The analysis of serum creatinine level measured in
group P showed that there is a decreasing in the measured values of serum creatinine concentration with statisst
rd
tical significant difference between the 1 and the 3 (p
st
th
= 0.03) and the 1 and the 7 (p = 0.003) day (Table 4).

DISCUSSION
In healthy persons, skeletal muscles are maintained as a balance between protein synthesis and protein
digestion. Any prolonged change in balance will result
in increased or decreased muscle mass (17).
Negative nitrogen balance and loss of muscle mass
in correlation with trauma was described for the first time
in 1932. Trauma is a cascade of inflammatory, immune,
endocrine, and metabolic changes and it causes catabolism characterized by loss of body weight, muscle mass
and strength reduction, as a consequence of the dominant
proteolysis in terms of protein synthesis. Critically ill patients in the catabolic phase excreted 15 grams of nitrogen in urine versus normal losses of 0.7 to 1.4 grams per
day, which is 94 grams of muscle protein or daily loss of
0.47 kg muscle mass. It’s extremely severe muscle reduction (18). That is why critically ill patients need nutrients
either in the form of enteral or parenteral nutrition, in order to avoid the energy deficiency which can lead to protein utilization and muscle tissue wasting (19). It is estimated that most patients in intensive care units receive
only 49% to 70% of estimated caloric needs (20, 21). Although there is general agreement that excessive hypo-caloric or hyper-caloric nutrition should be avoided, there is
still no consensus on how much the daily needs should be
(22). Except the right caloric intake nutrition must also
obtain the right protein intake in order to prevent muscle
mass wasting (23, 24, 25, 26). Although there are some
investigations, the pathophysiology of muscle wasting
and the influence of nutrition on muscle wasting is still
not well known. Different studies present different results
according to this pathology.
Puthucheary et al. (27) showed that the catabolic
condition and rapid muscle wasting in the first week of

p value
0,030
0,003
0,173

the critical illness may be independent of enteral nutrition. Using ultrasonography they determined 17% muscle mass wasting of rectus femoris muscle in the first 7
days of hospitalization. Contrary to expectations, in their study, high delivery of proteins through a nasogastric
probe in the first week of a critical illness was associated
with greater muscle wasting, thus challenging the idea
that the beginning of enteral nutrition is beneficial. The
criteria and timing of parenteral nutrition are also debatable. The study from Ferrie et al. (28) showed that the
patients who took parenteral nutrition with 1.2 g/kg/day
proteins had less muscle wasting of rectus femoris muscle than those who took 0.8 g/kg/day. Opposite to this
study the EPaNIC study did not find any benefit of early
parenteral nutrition on muscle wasting in the first days
of hospitalization. According to the study from Casaer
et al. (29) the early parenteral nutrition is associated
with inhibited autophagy and impaired muscle integrity.
Tolerating the macronutrient deficiency in the first week
reduces the risk of muscle wasting. Hermans et al.considering the EPANIC study, concluded that the muscle
wasting in patients with late parenteral nutrition group is
slightly lower than in patients with early parenteral nutrition (30). Opposite to him Doig et al. (31) found lower
muscle wasting in the early parenteral nutrition group.
In another large multicentre study in patients with relative contraindication for enteral nutrition, the early application of parenteral nutrition reduced the duration of
mechanical ventilation and potentially reduced the risk
of muscle wasting (32, 33).
In our study, it was found that in Group E with patients who received enteral nutrition after the third day,
there was a progressive muscle mass wasting with a
statistical significance between the first and the third (p
= 0.015) and the first and the seventh (p = 0.006) day.
In group P patients who began to receive parenteral nutrition in the first 24 hours, did not show significant
muscle mass wasting. Our results correlate with the results of the Doig et al. who reported lower muscle wasting in the group with early parenteral nutrition versus
the group with standard nutrition (31). In our study to
determine muscle wasting, the thickness of m. quadriceps femoris (m. vastus intermedius and m. rectus femoris) was measured by ultrasonography. Measure-
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ment of muscle wasting by ultrasonography in patients
in intensive care units is selected as a very practical one
and at the same time the only possible solution compared to other techniques such as computed tomography,
magnetic resonance, densitometry and others (34, 35,
36, 37). So far, different muscle measurements have
been described to determine muscle mass wasting (38,
39, 40, 41). As in other studies, m. quadriceps femoris
was used in our evaluation study as a muscle that is
well described and easily visualized in conditions of
impaired muscular architecture (36, 37).
To determine muscle wasting we also measured
the concentration of serum creatinine. The leading cause of low serum creatinine concentration is low muscle
mass (Table 5). The correlation between muscle mass
and serum creatinine in one of the studies is r = 0.734
Š95% CI 0.656 to 0.797¹ and r = 0.706 Š95% CI 0.620;
0.774¹; with a significance (p = 0.0001). In other
words, malnourished people with lower muscle mass
have lower levels of serum creatinine (42). In our
study, the values of serum creatinine in group E significantly decreased between the first and third day and
between the first and the seventh day p = 0.003. The same decrease in serum creatinine values occurred in the
group P with statistical significance of (p = 0.03) between the first and the third day, and between the first
and the seventh day (p = 0.003).

CONCLUSION
From a brief review through the literature, it can
be concluded that controversies about providing optimum energy, form of nutrition, and timing of initiation
exist continuously, especially in the early phase of the
critical illness. The nutritional strategy and goal should
be personalized for individual patients. Muscles wasting measured with ultrasonography and serum creatinine analysis, are indicators of malnutrition, but also
conditions subjected to other influences. In our pilot
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Table 5. Factors affecting low serum creatinine levels
Small muscle mass
Malnutrition
Hepatic lesion
Water shift
Increased renal clearance
study, we determined a significant reduction in muscle
mass in patients with relative contraindication of enteral nutrition and beginning of enteral nutrition after the
third day, versus patients with early beginning of parenteral nutrition where we came to the conclusion that
there is a decrease in muscle mass, but without statistical significance. Regarding the values of serum creatinine in both groups, there was a significant decrease in
values in the both groups. The series of patients included in the study was small, and the reliability of the results required an extension of the study.
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UTICAJ ISHRANE NA GUBITAK MI[I]A KOD KRITI^NO
OBOLELIH PACIJENATA - PILOT STUDIJA
Andonovska Biljana, Andonovski Alan, Kuzmanovska Biljana, Kartalov Adrijan, Temelkovski Zlatko
University Clinic of Traumatology, Orthopedic Surgery, Anesthesiology,
Intensive Care and Emergency Center – Intensive Care Unit – Skopje, Macedonia

Uvod: Adekvatna ishrana je neophodna kako bi
se spre~io gubitak mi{i}a kod kriti~no obolelih pacijenata. Odluka o enteralnoj ili parenteralnoj ishrani uvek
je dovedena u pitanje.
Cilj: Cilj na{e studije bio je utvrditi uticaj ishrane
na gubitak mi{i}a kod kriti~no obolelih pacijenata sa

traumatskim povredama. Materijali i metode: Istra`ivanje je sprovedeno od januara do decembra 2017. godine i uklju~ilo je 30 kriti~no obolelih pacijenata sa traumatskim povredama, hospitalizovanih u jedinici intenzivne nege (JIN) na Univerzitetskoj klinici za anesteziologiju i intenzivnu negu u Skoplju. Pacijenti, koji
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su bili uklju~eni u studiju, bili su podeljeni u dve grupe: grupu E - sa pacijentima kod kojih je enteralna ishrana sprovedena tre}eg dana nakon njihovog prijema
u JIN i grupu P - sa pacijentima kod kojih je kompletna
parenteralna ishrana sprovedena u prva 24 sata od prijema u JIN.
Studija je pratila uticaj dva razli~ita tipa ishrane
na gubitak mi{i}ne mase evaluirane ultrazvu~nim merenjem debljine m. quadriceps femorisa i biohemijskim merenjem nivoa kreatinina u serumu. Rezultati:
U grupi E je postojao statisti~ki zna~ajan gubitak mi{i}ne mase procenjen ultrazvukom izme|u 1. i 3. i 1. i
7. dana. Razlika u debljini mi{i}a iznosila je 1,90 ±
1,49 mm izme|u 1. i 3. (p = 0,015) i 4,46 ± 2,81 mm iz-
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