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ABSTRACT 
 
In our study, neuroendocrine dysfunction occurred in the acute phase in 
traumatic brain injury (TBI) patients admitted in intensive care unit (ICU) with 
Glasgow Coma Scale [GCS] score of 3 to 8 analyzed. Sixty-eight patients were 
included in the study, followed up for a time period between 2013 and 2015. 68 
cases of head trauma monitored and treated in ICU were included in the study 
and divided into two groups as control group (Group C n=19) and the group 
diagnosed with brain death (Group BD n=49). Electrolyte anomalies (sodium, 
glucose and lactate levels) and ICU hospitalization time of the groups were 
compared. The study included 49 potential donors who were declared BD. 
Among those with BD declaration, organ harvesting was performed in only 11 
cases due to family refusal. ICU care period and monitoring time of the cases 
changed from 36 h to 13 days (5.32±3.36). When compared to group C, higher 
glucose measurements for group BD at the 24th hour and output were found 
statistically significant. 1st and 24th hour and output lactate measurements of the 
cases for the groups are not statistically significantly different. With regard to 
the groups, sodium measurements of the cases were not significantly different 
statistically at the 1st hour. Higher sodium levels of group BD than those of group 
C at the 24th hour and output were found statistically significant. Sodium value of 
the cases whose organs were donated was found 161.7±19.5 in APNEA testing. 
Hyperglycemia and hypernatremia are related to high mortality, especially when 
presented very early following the injury.  
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INTRODUCTİON 
 
Closed-head traumatic brain injuries (TBI) can cause two 
types of damage to the brain recognized as primary and 
secondary brain injury. Primary brain injury occurs at the 
time of injury and is the direct consequence of kinetic 
energy acting on the brain tissue. Several hours or days 
after primary brain injury,  secondary brain injury can 
occur due to factors such as shock, systemic hypotension, 
hypoxia, hypothermia or hyperthermia, intracranial 
hypertension, cerebral oedema, intracranial bleeding or 
inflammation (Belavic et al., 2009). 

In our study, neuroendocrine dysfunction occurred in 
the acute phase in TBI patients admitted to intensive 

care with Glasgow Coma Scale [GCS] score of 3 to 8 
analyzed. 
 
 
MATERIALS AND METHODS  
 
This study was a retrospective trial approved by the 
Research Ethics Committee of Ministry of Health 
Okmeydanı Research And Teaching Hospital in Istanbul, 
Turkey. The trial was conducted in the 19-bed capacity ICU 
of the hospital. Sixty-eight patients were included in the 
study, followed up for a time period between 2013 and
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Table 1:  Patients demographics data. 
  

Gender Group BD Group C 

Male 29 11 
 Female 20 8 
 
Age(yr) 47 (1-84) 46 (3-85) 
APACHE II Score 26.6±4.4 14.9 ±6.7 
Expected mortality rate 58.4±14.2 22.3±17.7 
 
Supportive tests (n=49)   
Carotid Doppler 24  
CT Angio 15  
MRI Angio 5  
Not done 5  

 
 
2015. 68 cases of head trauma (GCS score of 3 to 8) 
monitored and treated in the intensive care unit were 
included in the study and divided into two groups as 
control group (Group C, n=19) and the group diagnosed 
with brain death (Group BD, n=49). APACHE II scores, 
expected mortality rate, electrolyte anomalies (sodium, 
glucose and lactate levels) and ICU hospitalization time of 
the groups were compared.  
 
 
Statistical analysis  
 
NCSS (Number Cruncher Statistical System) 2007 
(Kaysville, Utah, USA) program was used for statistical 
analyses. During the evaluation of the data, Mann Whitney 
U test was used for the two groups comparisons of non-
normally distributed quantitative data, besides descriptive 
statistical methods (Average, standard deviation, median, 
frequency, ratio, minimum, and maximum). For in-group 
comparisons of non-normally distributed parameters, 
Friedman Test was used and for paired comparisons, 
Wilcoxon Signed Ranks Test was used. Significance was 
considered at p<0.01 and p<0.05 levels. 
 
 
RESULTS 
 
The study included forty-nine (49) potential donors who 
were declared BD. Among those with BD declaration, 
organ harvesting was performed in only 11 cases due to 
family refusal (n=38). ICU care period and monitoring time 
of the cases changed from 36 h to 13 days (5.32±3.36). The 
major disease (65%) leading to brain death in group BD 
was head traumas (Table 1).   

Glucose measurement follow-up time for group BD 
changed from 1.5 to 13 days with an average of 5.32±3.36 
days whereas, it changed from 4 to 13 days with an 
average of 5.32±3.51 days for group C. Table 2 shows the 
glucose measurement follow-ups of the cases. When 
compared to group C, higher glucose measurements for 
group BD at the 24th hour (p=0.001) and output (p=0.035) 
were found statistically significant (p<0.05). Alterations in 

glucose measurements of group BD at the 1st and 24th hour 
and output were not found statistically significant 
(p=0.690; p>0.05). For group C, alterations in glucose 
measurements at the 1st and 24th hour and output were 
found statistically significant (p=0.003; p<0.01). In paired 
comparisons, the alteration in glucose measurement of 
control group at 24th hour when compared to the 1st hour 
was not statistically significant (p=0.938; p>0.05) 
nevertheless, the decrease in output was close to statistical 
significance (p=0.078; p>0.05). The decrease in output 
measurements as compared to those of the 24th hour was 
found statistically significant in group C cases (p=0.002; 
p<0.01, Table 3 and Figure 1).  

Lactate follow-up times for group BD changed between 5 
and 13 days with an average of 4.91±3.24 days while those 
of group C changed between 4 and 13 days with an 
average of 5.74±4.89 days. 1st hour (p=0.462), 24th hour 
(p=0.736) and output (p=0.551) lactate measurements of 
the cases for the groups were not significantly different 
statistically (p>0.05). The alterations in lactate 
measurements at the 1st and 24th hour and output for the 
group BD were not statistically significant (p=0.731; 
p>0.05). Also, the alterations in lactate measurements at 
the 1st and 24th hour and output for the group C were not 
statistically significant (p=0.735; p>0.05, Tablo 4 and 
Figure 2). 

Follow-up times for sodium level in group BD changed 
between 1.5 and 13 days with an average of 5.30±3.33 
days; while those of group C changed between 0.5 and 13 
days with an average of 4.42±3.80 days. Table 4 shows the 
follow-up measurements of lactate for the cases. With 
regard to the groups, sodium measurements of the cases 
were not significantly different statistically at the 1st hour 
(p=0.189; p<0.05). Higher sodium levels of group BD than 
those of group C at 24th hour (p=0.001) and output 
(p=0.048) were found statistically significant (p<0.05).  
The alterations in sodium measurements at the 1stand 24th 
hour and output for group BD were found statistically 
significant (p=0.001; p<0.01). In paired comparisons, the 
increase in sodium measurements of the cases at 24th hour 
as compared to the 1st hour (p=0.001) and the increase in 
output measurements (p=0.001) were found statistically 
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Table 2: The findings of glucose measurement follow-up. 
  

Follow-up time (day) 

Glucose measurements (mg/dl) 

Group BD 

 

Group C 
n Min-Max Mean±SD n Min-Max Mean±SD 

49 1.5-13 5.32±3.36 19 0.04-13 5.32±3.51 
1st hour 43 98-440 205.67±83.79 19 77-362 155.74±66.21 
12 th hour 15 66-351 217.27±83.73 17 84-210 130.94±33.71 
24 th hour  39 99-363 186.05±69.57 16 80-360 149.25±66.75 
36 th hour 14 64-294 171.50±63.04 17 52-279 135.18±57.98 
48 th hour  45 77-429 194.73±84.04 15 77-227 135.20±42.03 
60 th hour 23 80-443 213,74±101,78 11 88-159 121.82±21.37 
70 th hour 35 11-506 221.89±98.92 9 106-263 144.67±55.10 
84 th hour 13 106-374 206.23±73.23 9 87-245 132.89±49.36 
96 th hour 26 75-554 207.96±103.7 11 97-231 127.91±38.62 
108 th hour  10 69-393 195.1±101.43 11 73-180 119.91±34.45 
120 th hour 11 119-376 199.91±83.51 9 74-176 108.33±29.80 
6 th day 14 85-277 192,36±66,03 8 85-146 117.00±24.81 
7 th day 10 108-672 250.50±156.15 6 99-127 114.50±11.31 
8 th day 10 161-313 225.40±43.34 3 112-139 121.33±15.31 
9 th day 10 87-348 209.50±83.04 2 85-135 110.00±35.36 
10 th day 8 113-340 197.63±73.03 2 94-101 97.50±4.95 
11 th day 5 64-198 140.00±55.77 1 90 90.00±0.00 
12 th day 3 77-263 150.00±99.24 1 105 105.00±0.00 
13 th day 3 75-253 158.00±89.60 1 114 114.00±0.00 
Glucose output 49 64-443 199.00±90.19 19 73-245 123.84±39.65 

 
 

Table 3: Assessment of glucose measurements. 
 

Variable 
Glucose 

p Group BD (n=35) Group C (n=16) 
Mean ± SD (Median) Mean ± SD (Median) 

1st hour  211.71±88.58 (211.0) 153.81±70.61 (129.0) 0.013a * 
24th hour  183.23±70.19 (164.0) 149.25±66.75 (135.0) 0.001a ** 
Glucose Output 206.71±87.37 (209.0) 122.13±42.24 (117.5) 0.035a * 
p 0.690b 0.003b **  
1st hour -24th hour  0.235c 0.938c  
1st hour - output 0.793c 0.078c  
24th hour - output 0.298c 0.002c **  

 

aMann Whitney U Test  (*p<0.05);  bFriedman test (*p<0.01) and cWilcoxon Signed Ranks test. 

 
 

 
 

Figure 1: The findings of glucose measurement follow-up.  
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Figure 2:  The findings of lactate measurement follow-up. 

 
 

Table 4: Assessment of lactate measurements. 
 

Variable 

Lactate ( Mmol/L) 

p Group BD (n=17) Group C (n=14) 

Mean±SD (Median) Mean±SD (Median) 

1st hour  3.41±2.49 (2.9) 2.53±1.18 (2.3) 0.462a 

24th hour  2.85±3.16 (2.2) 2.19±1.26 (1.9) 0.736a 

Lactate output 2.36±0.85 (2.4) 3.47±3.85 (2.0) 0.551a 

p 0.731b 0.735b  

1st hour - 24th hour  0.218c 0.315c  

1st hour - output 0.210c 0.906c  

24th hour - output 0.642c 0.289c  
 

aMann Whitney U Test  (*p<0.05b) , cFriedman test and Wilcoxon Signed Ranks test. *p<0.01 

 
 
significant (p<0.01). The increase in output sodium 
measurements of the cases with respect to 24th hour was 
found statistically significant (p=0.006; p<0.01). The 
alterations in sodium measurements at the 1st and 24th 
hour and output for cases in group C were not found 
statistically significant (p=0.765; p>0.05, Table 5 and 
Figure 3). With regard to the groups, sodium 
measurements of the cases were not significantly different 
statistically at the 1st hour (p=0.189; p<0.05). When 
compared to group C, higher sodium measurements for 
group BD at the 24th hour (p=0.001) and output (p=0.048) 
were found statistically significant (p<0.05). The 
alterations in sodium measurements at 1st and 24th hour 
and output for group BD were found statistically 
significant (p=0.001; p<0.01).  

In paired comparisons, the increase in sodium 
measurements of the cases at 24th hour when compared to 
1st hour (p=0.001) and the increase in output 
measurements (p=0.001) were found statistically 
significant (p<0.01). The increase in output sodium 

measurements of the cases with respect to 24th hour was 
found statistically significant (p=0.006; p<0.01). The 
alterations in sodium measurements at the 1st and 24th 
hour and output for cases in group C were not found 
statistically significant (p=0.765; p>0.05 and Table 6).  
 
 
DISCUSSION  
 
Homeostasis refers to the maintenance of relatively 
constant conditions by means of continuous dynamic 
equilibrium adjustments controlled by an interconnected, 
complex regulatory mechanisms.  

Patients who had experience of tissue injury such as 
trauma or surgery undergo a well-understood 
reproducible metabolic and neuroendocrine stress 
response. There are three problems in maintaining 
homeostasis for stress response in acute trauma patients: 
hyperglycemia, lactic acidosis and hypothermia (Neligan  
et al., 2013).  
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Table 5: The findings of sodium measurement follow-up. 
  

Variable 

Sodium measurements (Mmol/L) 

Group BD Group C 
n Min-Max Mean±SD n Min-Max Mean±SD 

Follow-up time (day) 49 1,5-13 5.30±3.33 19 0.5-13 4.42±3.80 
1st hour  43 122-162 139.21±8.03 19 131.0-157.0 142.06±7.42 
12 th hour  15 123-163 141.33±10.06 19 131.0-152.4 140.36±6.33 
24 th hour  41 123-178 148.02±11.41 18 131.0-154.4 141.87±5.80 
36 th hour  15 123-182 146.07±15.13 17 131.9-156.0 140.38±5.41 
48 th hour  43 122-185 154.70±15.21 15 132.0-155.0 141.21±6.33 
60 th hour 23 132-182 155.96±14.63 13 133.8-152.4 141.99±4.91 
72 th hour 36 133-194 158.22±15.94 11 131.0-151.0 140.47±5.60 
84 th hour 14 135-200 160.64±19.12 8 132.1-148.0 140.13±6.01 
96 th hour 26 132-199 161.77±14.46 8 136.0-145.4 140.25±3.47 
108 th hour 10 131-182 158.70±15.19 7 134.0-147.0 138.43±4.71 
120 th hour 15 140-184 161.73±12.61 6 133.8-142.4 138.98±2.86 
6 th day 14 137-177 157.64±14.63 4 137.0-142.2 138.68±2.43 
7 th day 10 124-178 150.30±16.59 4 141.0-144.4 142.70±1.41 
8 th day 11 135-177 153.45±15.99 4 141.1-147.0 142.98±2.71 
9 th day 9 121-163 149.33±12.34 3 141.5-148.4 145.07±3.46 
10 th day 8 145-171 152.00±9.04 3 141.0-147.0 144.43±3.09 
11 th day 3 132-150 143.67±10.12 2 140.8-140.9 140.85±0.07 
12 th day 3 146-162 152.33±8.50 2 139.0-146.0 142.50±4.95 
13 th day 3 143-186 162.67±21.73 2 144.0-147.6 145.80±2.55 
Sodyum output 49 131-199 156.67±15.48 19 131.0-147.6 140.86±4.61 

 
 

 
 

Figure 3: The findings of sodium measurement follow-up.  

 
 

In order to minimize the secondary organ damage, the 
patient is first treated to secure airway, breathing and 
circulation. Furthermore, patients with neurological 
damages suffer from hyperglycemia associated with poor 
outcome. In controlling blood glucose, intensive insulin 
therapy (IIT) was suggested and used in neuro-intensive 
care with conflicting results (Rostami, 2014 ).  

In their retrospective cohort study of 44 children with 
Coma Scale (GCS) ≤ 13 severe traumatic brain injury (TBI), 
Chong et al. (2015) found that initial hyperglycemia was 
associated with death (37% in the hyperglycemia group 
versus 8% in the normoglycemia group). Hyperglycemia 
exacerbates both calcium imbalance and the accumulation 
of reactive oxygen species (ROS) in neurons leading to 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rostami%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24936196
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Table 6: Assessment of sodium measurements. 
 

Follow-up time (day) 

Sodium (mmol/l) 

p Group BD (n=37) Group C (n=18) 
Mean±SD (Median) Mean±SD (Median) 

1st hour  139.54±8.39 (139.0) 142.40±7.48 (141.0) 0.189a 
24 th hour  147.97±11.86 (145.0) 141.87±5.80 (142.0) 0.001a** 
Sodium Output 155.65±14.19 (154.0) 141.41±4.05 (141.5) 0.048a* 
p 0.001b ** 0.765b  
1st hour - 24 th hour  0.001c ** 0.828c  
1st hour -Output 0.001c ** 0.777c  
24 th hour - Output 0.006c ** 0.906c  

 

aMann Whitney U Test; (*p<0.05);  bFriedman Test and T.  cWilcoxon Signed Ranks Test 

 
 
increased apoptosis. Also, anaerobic energy production 
was increased by hyperglycemia causing lactic acidosis 
which further stresses neurons in the penumbral regions. 
Hyperglycemia decreases blood perfusion after ischemic 
stroke by lowering the availability of nitric oxide (NO), 
which is a crucial mediator of vasodilation. Lastly, 
hyperglycemia increased the inflammatory response after 
stroke and causes worse functional outcomes due to 
oedema and hemorrhage through disruption of the 
blood brain barrier and degradation of white matter (Li et 
al., 2013 ).  

In our study, diagnosed brain dead patients with Coma 
Scale (GCS) ≤ 13 and severe traumatic brain injury (TBI) 
were observed to be hyperglycemic and difficult to control 
from the beginning of the first hours. At the same time, 
lactic acidosis developed, even though not statistically 
significant. In their study with severe head injuries, Rabow 
et al. (1986) found that creatine kinase-BB isoenzyme 
(CKBB) activity and ventricular cerebrospinal fluid (CSF) 
lactate concentration continued to rise in patients with 
poor outcomes and decreases only slowly and 
inconsistently in most of the other patients. Therefore, 
mixed results were provided by early clinical use of insulin 
due to inadequately controlled glucose levels. On the other 
hand, glycemic control was obtained in the group without 
brain death. Our findings demonstrated that 
early hyperglycemia is associated with increased 
mortality.  

Sodium (Na) homeostasis is critically important for life 
and the brain constantly monitors Na levels in body fluids. 
The activity of GABAergic neurons in the subfornical organ 
(SFO) was stimulated by lactate, as well as Na. The results 
suggest that Na(x) in glial cells sensed the information on a 
physiological increase of the Na level in body fluids and 
transmitted the information to the neurons through lactate 
so as to regulate neural activities of the SFO (Shımızu et al., 
1989).  

Elevation of the serum Na level results in greater water 
intake stimulated by thirst and minimum excretion of 
concentrated urine caused by the secretion of anti-diuretic 
hormone (ADH; vasopressin) (Votey et al., 2007). If these 
balancing mechanisms are impaired, Na levels in body 
fluids are chronically increased. An increase in plasma Na 

concentration to a value exceeding the physiological level 
(∼145 mM) is defined as hypernatremia, a common 
electrolyte disorder (Lin et al., 2005). Critically ill patients 
commonly suffers from disturbances in sodium 
concentration and this condition is associated with 
increased mortality. Although, hypernatraemia is less 
common than hyponatraemia, it implies that the patient 
has a worse prognosis (Overgaard-Steensen et al.; 2013; 
Palevsky, 1998; Ranasinghe et al., 2011). In our study, 49 
patients were diagnosed with brain death, nevertheless 
and eleven organ donors were identified. Complications 
identified were as follows: intravenous vasopressor 
requirement in 100%, hyperglycemia in 89.7% and 
hypernatraemia (Na>155 mmol/L) in 93.9%.  

Neurocritical care patients often exhibit polyuria, but it 
was not usually associated with sodium imbalance, CSW or 
CDI. Polyuric patients with hypernatraemia suffered 
poorer outcomes and higher ICU mortality (Spatenkova et 
al., 2015). In their study, Beseoglu et al. (2014) reported 
hypernatraemia developed in 56 h after aneurysmal 
subarachnoid hemorrhage (aSAH) and is an independent 
predictor for poor neurological outcome. Nevertheless, the 
correlation of acute dysnatremia and early brain injury 
(EBI) remains unclear. Early serum sodium levels after 
aSAH can be considered as surrogate markers to predict 
outcome after aSAH regardless of the occurrence of DCI. 
However, prospective studies are required to verify this 
concept. In any case, hypernatremia indicates 
hyperosmolarity and causes cellular dehydration, at least 
temporarily. On the other hand, cellular dehydration is 
rapidly counterbalanced by increasing cellular osmolarity 

in sustained hypernatremia (Vigue et al., 2010).  
Similar symptoms were also observed in children like 

those in adults. In their retrospective study on children 
with severe brain injury, Lekmanov et al. (2010) found 
that there was a strong association with Glasgow coma 
scale (8 scores or less) and frequency of hypernatremia 
and the frequency of poor outcomes. Mortality increased 
to 84 from 28% when hypernatremia was accompanied by 
diabetes insipidus. We observed similar findings in our 
study, hypernatremia was observed in group BD after 48th 
hour while Na values of the other goup appeared normal.  

In the study of Gündüz et al. (2014), the mean duration 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17408578
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17408578


Academia Journal of Scientific Research; Namigar et al.      367 
 
 
 
of survival was found 9.8 days and hyperglycemia 
reported as the most observed complication (65%). In 
their five years analysis comprising 1,834 cases, Al-Attar et 
al. (2006) found that patients with hypothermia, 
hypernatremia, or renal failure had a shorter stay in the 
ICU. In our study, while the median time from ICU 
admission to declaration of BSD was 72 hour, only 11 
cases from those of 49 had a family permission as donors 
(22.4%). Supportive testing was performed in 44 cases. Na 
value of the organ donors was found 161.7±19.5 when 
APNEA testing was done. 
 
 
Conclusion 
 
Consequently, endocrine function should be monitored 
in brain-injured patients. Management consists of careful 
monitoring of fluid balance and hormonal replacement. 
Hyperglycemia and hypernatremia are related to high 
mortality, especially when presented very early following 
the injury.  
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