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Does Serum Osmolarity Change as a Result 
of the Reflex Neuroprotective Mechanism of Cerebral
Osmo-Regulation after Minor Head Trauma?
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Objective : It is well known that changes in cerebral hemodynamics occur after traumatic brain injury (TBI). Osmo-regulation in the brain is
important for maintaining a constant milieu in the central nervous system. Nevertheless, to our knowledge, early osmolarity changes after minor
head injury have not been studied until now. 
Methods : In this study, serum osmolarity was measured in 99 patients with minor head trauma. As a control group, blood samples were drawn
from 99 patients who had a minor trauma in an extremity. Serum osmolarity was estimated using a fully automatic biochemical autoanalyzer
within the first 3 hours after the trauma.
Results : The mean serum osmolarity levels were 286.08±10.17 mOsm/L in the study group and 290.94±5.65 mOsm/L in the control group
(p<0.001). However, after age adjustment between the study and control groups, this statistical significance was found to be valid only for
patients over 30 years of age.
Conclusion : It was noted that serum osmolarity levels decrease in the first 3 hours following minor head trauma in patients over 30 years of
age. Further studies into this area could provide guidance for the management/treatment of elderly patients
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INTRODUCTION

Unlike the heart, lung or liver, the brain is not a homoge-
neous organ. Moreover, it is not simply an electrical conduc-
tion system. The central nervous system is a unique mor-
phofunctional unit consisting of an integrated, dynamic
network of several subsystems37). Each part of the central
nervous system has its own particular physical, chemical
and immunological features. Hence, any neurological deficit
after head trauma may be related not only to parenchymal
and vascular damages revealed using radiological studies,
but also to chemical, metabolic and immunological cerebral
disturbances which cannot easily be shown using current
diagnostic modalities.

It is well known that changes in cerebral hemodynamics
occur after traumatic brain injury (TBI)32). Data using
diffusion weighted imaging techniques on rats has shown
that closed head injury is associated with a biphasic patho-
physiological response and at least three forms of edema-
vasogenic, ischemic, and neurotoxic edema- may contribute
to increased tissue water following trauma3). The origin of
cytotoxic brain edema is primarily related to disturbance of
cellular osmo-regulation resulting in an intracellular increase
in sodium and water3). Osmo-regulation in the brain is
important for maintaining a constant milieu in the central
nervous system29). Osmolality of the contused brain tissue
increases rapidly, and in turn, strongly attracts water20). It
has been reported that, in experimental rat models of mode-
rate TBI, serum magnesium level decreases and calcium/
magnesium level increases22). The use of hypertonic saline
in the treatment of post-traumatic cerebral edema has been
reported8). 

As is evident from the importance of maintaining of opti-
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mum serum osmolarity during brain surgery, reciprocal
changes between cerebrospinal fluid (CSF), blood and brain
parenchyma occur in relation to a given time period38).
However, the exact relationships are complex and very little
information is available concerning how and the degree to
which each compartment contributes to the volume-pressure
response38). Are there similar detectable changes after minor
head trauma? Can cerebral edema be involved in minor
TBI? Minor head trauma is usually defined as occurring in
a patient who is oriented and alert, corresponding to a
Glasgow Coma Scale (GCS) of 1515,27). Minor TBI may be
a structural lesion and result in life-threatening dangers,
especially in patients with specific risk factors such as
coagulapathies2,6). Early recognition of the changes related
to minor TBI may reduce the unfavorable outcomes.
However, in contrast to the cases of moderate or severe
head injury, radiological studies of such patients including
computed tomography (CT) and magnetic resonance
imaging (MRI), do not usually show any abnormality13,19).
Although guidelines for the management of head injury
have been published, there is no consensus about the mana-
gement of mild head injury1,23,25).   

Unfortunately, biochemical markers do not serve as a
substitute for neuroimaging at present time6). To our know-
ledge, early osmolarity changes after minor head injury have
not previously been studied. 

MATERIALS AND METHODS 

In this prospective study, 99 patients, who were admitted
to the emergency department at our institution with an
isolated minor head trauma and who met our selection
criteria, were studied (Table 1). They were evaluated as a
GCS score of 15 with or without loss of consciousness

(LOC), detected amnesia, headache, or dizziness. All the
patients had a visible sign of soft tissue injury over the
surface of the head on the frontal, parietal, temporal or
occipital regions, and this was considered objective evidence
for head trauma. Trauma to the face was not accepted as
head trauma. Patients with a demonstrable lesion on CT
scan, or focal neurologic findings were excluded, since we
aimed to find an early chemical change before a radiologi-
cally visible parenchymal or vascular brain injury occurred. 

Every patient who participated in the study underwent
neurological examination including GCS. Each patient of
6 year of age or above was given a mini mental state exami-
nation (MMSE) that included a diagnostically valuable
verbal retention test and tasks assessing basic orientation,
short term memory, the ability to calculate and visual-motor
ability.

The patients were examined by skull X-ray studies and/or
CT of the brain without contrast media. A CT scan was
preferred to skull radiography when there was no overloading
of the CT facility.

As a control group, blood sample data from 99 subjects
seen at the hospital’s outpatient or emergency clinics with a
minor soft tissue trauma in an extremity were used. The
inclusion criteria for the control group were the same as for
the study group with the exception of the site of visible
traumatic soft tissue lesion (head versus extremity) (Table
1). The reason for selecting patients with a minor extremity
injury as a control group instead of selecting patients with-
out any injuries was to avoid the difference in osmolarity
created by local inflammation of the soft tissue injury on
the head. However, patients with severe extremity injuries
such as bone fractures were not included either.  

The following exclusion criteria were used when selecting
patients for both study and control groups : 1-Patients who

had received any kind of parenteral
infusion before the blood for osmolarity
determination was drawn. 2-Patients
who had drunk any fluids in the period
between the trauma and the blood
withdrawal for analysis of osmolarity.
3-Patients who had recently consumed
alcohol. 4-Patients who stated, or
whose parents stated, that they had
vomited or who were observed to vo-
mit after admission. No patient with a
known history of diabetes mellitus or
any other systemic chronic diseases
was allocated to either the study group
or control group.

This study was approved by the local

Table 1. Inclusion criteria for the study and control groups

Common criteria Blood drawing for osmolarity analysis less than 3 hours after trauma

No parenteral fluid infusion before blood drawing for osmolarity analysis

No history of any neurological disease

No vomiting

No recent intake of alcohol

No history of systemic disease (such as diabetes mellitus or renal disease)

For study group only A visible traumatic scalp lesion on the cranial vault 

(bruise, scalp laceration or swelling)

GCS of 15 (or maximal pediatric coma score when applicable) with or 

without loss of consciousness, amnesia, headache, and dizziness.

No focal neurologic deficit

No demonstrable lesion on cranial CT (If this was done)

No extracranial injury 

For control group only A visible traumatic soft tissue injury in a single extremity

No head injury or any additional injury                                         
GCS : Glasgow coma scale, CT : computed tomography
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ethical committee, and written consent was obtained from
all patients or from their parents.

Laboratory methods
In our study, serum determinations of osmolarity were

done in our hospital laboratory within the first 3 hours after
the trauma. Bloods samples of 5 cc were obtained from the
cubital veins of the patients. These samples were centrifuged
under 3,000 rpm and the sera were separated. Osmolarity
measurements of the patients were conducted using a fully
automatic biochemical autoanalyzer (Abbott Diagnostics-
Aeroset, Abbott Laboratories, Abbott Park, IL, USA).
Osmolarity values were obtained automatically after
programming the autoanalyzer according to the formula
below :16)

Serum osmolarity=(2×serum sodium [mEq/L])+(BUN
[mg/dL]/2.8)+(glucose [mg/dL]/18)

The laboratory facility was available for osmolarity
analysis 24 hours a day.

Statistical analysis
All results were expressed in mean±standard deviation

(SD). An SPSS (Statistical Package for the Social Sciences)
for Windows 15.0 software package (SPSS Inc., Chicago,
IL, USA) was used for statistical analyses. During evalua-
tion of the study data, along with descriptive statistical
methods, parameters with normal distribution were evalu-
ated using Student’s t test. Results were given in 95 %

confidence interval and significance was accepted at p<0.05
level.

RESULTS

The ages of the 25 female and 74 male patients in the study
group ranged from 1 to 66 yrs (mean=17.07 yrs±13.72 SD).
The mean age of the control group was 48.36±19.96
(range 2-79). Neurological examination was normal in all
patients. Mini mental state test scores were found to be
normal or slightly decreased.

Osmolarity levels were lower in the study group than in
the control group (p<0.001) (Fig. 1). The mean serum
osmolarity levels were 286.08±10.17 mOsm/L in the study
group and 290.94±5.65 mOsm/L in the control group.
This difference was more marked in female patients than in
male patients (p=0.008 and p=0.023 respectively).  

Serum osmolarity levels of patients aged ≤30 years were
higher in the study group. However, this difference did not
reach statistical significance (p>0.05). Contrary to this, in
patients over 30 years of age, blood osmolarity levels were
significantly lower in the study group as can be seen in Fig. 2
(p<0.001).

DISCUSSION

It is generally believed that osmolarity has insufficient
tissue specificity to be used as a clinical laboratory measure-
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Fig. 1. Osmolarity levels are lower in the study group, in both females
and males. 
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Fig. 2. A statistical significance is found when comparing patients over
30 years of age.
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ment. In fact, osmo-regulation for maintaining a constant
milieu in the brain is a very complex and sensitive process.
The hypothalamus integrates hormonal and osmotic cues
sensing cell volume and the state of the extracellular space18).
Osmotic stimuli can act directly on osmoreceptor cells,
probably neurons in the hypothalamus. The feedback
signals derive from many sources including arterial barore-
ceptors in the aortic arch and carotid sinus, the kidney that
secretes renin, and the subfornical organ that is sensitive to
low concentrations of angiotensin II. There is a neural
pathway between the hypothalamus, the subfornical organ
and the preoptic area. This pathway utilizes an angiotensin-
like molecule as a transmitter. The preoptic area receives
information from baroreceptors, which also sends informa-
tion to the paraventricular nucleus and mediate the release
of vasopressin.

A more accurate estimation of a correlation between
trauma to the brain and changes in serum osmolarity as a
reaction can be made only in patients with isolated minor
head trauma. This study could not be carried out in cases
with moderate and severe head injuries, because these pati-
ents are usually managed early and administered parenteral
fluids which iatrogenically affect the serum osmolarity.
Additionally, there are local and systemic effects of intracra-
nial hemorrhages in these severely injured patients. Vomiting
also affects osmolarity. Hence, it is clear that serum osmola-
rity may be found to be decreased or increased in patients
with moderate and severe head trauma. 

The importance of serum osmolarity changes after
minor TBI

Age has previously been reported as a risk factor in
delayed deterioration following minor head trauma12,30).
Our studies indicate that older patients with minor head
trauma may be more prone to osmolarity changes, manifes-
ting as a decrease in serum osmolarity, and thus be more
prone to injury. Further studies could provide guidance for
more accurate observation of such patients and for their oral
or parenteral treatment with hyperosmolar fluids in cases
where the patient also complains of vague symptoms, such
as dizziness, difficulty in concentration or prickling sensations.
The questions of how long this observation and treatment
should last and what kind of hyperosmolar fluids should be
used are subjects for additional studies. As an example,
mannitol has been shown to pass into the CSF and sudden
discontinuation of its intravenous administration may
create an osmolar gap because of increased CSF osmola-
rity31). This may cause increase in intracranial pressure.
Hence, mannitol should be avoided in patients with minor
head injury. The next step after our findings could be to

investigate whether there is any association between decrease
in serum osmolarity in elderly patients and clinical course
after minor head trauma. In our study, the serum osmolarity
values were found to be lower in the study group even after
analyzing the findings according to the sexes. It is well
known that direct brain trauma causes complex hormonal
responses of the pituitary end-organ axis9,21). Hence, at least
a slight difference in findings between the sexes is to be
expected, as seen in our study.

Proposal for a panel of biomarkers including
serum osmolarity monitoring after minor TBI

Even though many markers associated with neuronal and
glial injury, hypoxia, and inflammation have been studied,
currently there is no reliable and practical biochemical
marker of head injury5,11,26,28). Only two markers seem to
have a diagnostic adjunct in adults : neuron-specific enolase
(NSE) and S100B protein5,7,10,13,14,17,28,34-36).  An S100B has
been found in astrocytes, bone marrow, fat and skeletal
muscle, while NSE has been detected in neurons, platelets
and red blood cells5). However, these markers are not specific
to head injury and may be increased in meningitis, enceph-
alitis, and neurodegenerative conditions4,28). Additionally,
specificity of S100B and NSE is uncertain since it may
increase in patients with body trauma without signs of head
trauma13,24,34). In one study, it has been shown that serum
cortisol concentrations markedly increased in a majority of
patients with mild TBI shortly (about 3 hours) after the
trauma33). This finding is also nonspecific and can be seen
in other stress related conditions. It may be useful if data on
the evolution of osmolarity over time could be studied after
the initial measurement at the early post-traumatic period. 

Study limitations 
Osmotic concentration are typically expressed as either

miliosmoles/kilogram (mOsm/kg) of solvent referred to as
osmolality, or miliosmoles/liter (mOsm/L) of solution
referred to as osmolarity16).  Osmolality can be measured by
an osmometer which usually uses a method such as freezing
point depression of water. 

Our method for determining osmolarity may be of con-
cern. This is a calculated value rather than an actual measure-
ment of serum osmolarity using an osmometer. Unfortuna-
tely, we did not regard the age related values of blood urea
nitrogen (BUN) and glucose which could affect this calcul-
ation. The control and patient populations were not age
balanced. A difference of about thirty years in the mean age
of the two populations might have caused the higher calcu-
lated osmolarity in the control population. We were not
able to simultaneously measure the accepted markers of
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brain injury such as S100B or NSE. Therefore, we could
not compare the osmolarity change with values of other
biochemical markers mentioned. Also, it is important to
discover whether a change in serum osmolarity after head
trauma could be detected earlier than other potential bio-
markers in the serum. To indicate that osmolarity distur-
bances in minor or mild TBI are similar to more severe
TBI, measurements of urinary osmolarity and anti-diuretic
hormone (ADH) might be necessary. Although, we were
aware of this fact during the study, clinical and technical
difficulties prevented us acting upon it. The results might
have been better if, in addition to serum osmolarity, urine
osmolarity, ADH and sodium in the patients, had been
measured.

CONCLUSION

It was found that serum osmolarity levels decrease in the
first 3 hours following minor head trauma in patients over
30 years of age. Although a single blood analysis of serum
osmolarity may not show any significance in an individual
patient, serum osmolarity monitoring of patients with
minor head trauma may be a cost-effective way to help
identify those at greater risk. A panel of biomarkers includ-
ing serum osmolarity monitoring could be beneficial in
clinical diagnosis of otherwise silent brain injury. In patients
where a decrease in serum osmolarity was associated with
vague symptoms such as dizziness, hyperosmolar treatment
would be advisable. Further studies in larger patient popu-
lations are needed for conclusive findings.
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